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Abstract

We study closed universes in simple models of two dimensional gravity, such as Jackiw-Teiteilboim

(JT) gravity coupled to matter, and a toy topological model that captures the key features of the

former. We find there is a stark contrast, as well as some connections, between the perturbative

and non-perturbative aspects of the theory. We find rich semi-classical physics. However, when non-

perturbative effects are included there is a unique closed universe state in each theory. We discuss

possible meanings and interpretations of this observation.
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1 Introduction

Over the past decades we have learned a lot about quantum gravity in asymptotically AdS spacetimes

through the AdS/CFT correspondence [1–3]. Quantum gravity in spacetimes without AdS asymptotics

is less well understood. The universe we live in may not have an asymptotic boundary, and is more

similar to de Sitter due to the positive cosmological constant.

De Sitter space has many mysterious features. It does not have a spatial boundary and it is

exponentially expanding. Studying de Sitter space directly is quite challenging, but see [4–9] for some

recent works. In this paper we will study the simpler problem of AdS cosmologies, i.e., closed universes

with negative cosmological constant. They are FRW cosmologies where the universe begins with a

big bang and ends with a big crunch. Like de Sitter space, they also do not have spatial boundaries.

Unlike de Sitter space, they do not expand forever in the future. See Figure 2. Our hope is that AdS

cosmologies are easier to study than de Sitter space due to our understanding of AdS/CFT, and we

may learn some general lessons about closed cosmologies which can be applied to de Sitter space and

potentially our universe.

Spacetimes without spatial boundaries are very different from spacetimes with boundaries such as

asymptotically anti-de Sitter or asymptotically flat spacetimes. One feature of asymptotically anti-de

Sitter space is that it has a fixed, cold boundary where gravity is turned off. It offers a natural location

where a dual quantum mechanical system can live. It can also play the role of an observer relative to

which we can describe bulk physics and define bulk operators. Without spatial boundaries whether or

not a closed universe has a dual non-gravitational description, or what the structure of such a dual is,

is unclear.

Closed universes in AdS space have been studied in higher dimensions in a variety of works. A

common approach to study Lorentzian AdS cosmologies is to first find a Euclidean wormhole connecting

two asymptotically AdS boundaries [10], and analytically continue the geometry to get a big bang/big

crunch cosmology without any asymptotic boundaries. Maldacena-Maoz constructed such wormholes

with the aim of understanding closed universes in AdS/CFT [10]. The implication of Maldacena-Maoz

like wormholes for cosmology was discussed by McInnes in [11, 12], and more recently investigated

by [13–19]. These higher dimensional investigations have largely been focused on perturbative questions.

In this paper we will take one step in exploring closed universes without boundaries, both perturba-

tively and non-perturbatively. We will study simple toy models in two dimensions where calculations

are more tractable than higher dimensions. We will see that there is a stark contrast, as well as some

connections, between semi-classical and non-perturbative aspects of the theory of closed universes. A

very interesting and important question is how to reconcile these two aspects. We will not be able to

answer this question in general in this paper. Instead, we will point out various features occurring in

simple models and discuss the lessons we learn from them.
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Summary of results.

Perturbative construction. In section 2 we study perturbative aspects of closed universes. The

model we consider is JT gravity coupled to matter fields Oi. We will be considering cosmological states

of closed universes on Cauchy slices with topology S1. We specify a cosmological state by inputting a

set of asymptotic boundary conditions, and performing the gravity path integral up to a compact slice

of the closed universe. We consider boundary conditions specified by an insertion tr
(
e−βHOi

)
where

Oi has vanishing one-point function. We find the dominant saddle point configuration is a trumpet

geometry that ends on a compact circle, with a massive particle on the slice, see figure 1. This gives

a wave functional for a closed universe on a circle. We can then perform Lorentzian time evolution of

the closed universe, where it collapses in a big crunch.
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�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="Fg2mLeqHmY2QKO8evKkuA29xZ8I=">AAACPHicbVDLSsNAFJ3UV42vVpeCBIvgqiTia1l047KCfUBbymQybYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeccP+ZMg+t+WIW19Y3NreK2vbO7t39QKh82dZQoQhsk4pFq+1hTziRtAANO27GiWPictvzR/bTfGlOlWSSfII1pT+ChZANGMBiq3YWQAu57/VLFrbqzclaBl4MKyqveL1sn3SAiiaASCMdadzw3hl6GFTDC6cTuJprGmIzwkHYMlFhQ3ctmgifOmWECZxAp8yQ4M/bvRoaF1qnwzaTAEOrl3pT8txeHqWZEL3yfqUhgKROxJAoGt72MyTgBKslc0yDhDkTONCgnYIoS4KkBmChmbDkkxAoTMHEuXArGLNa5wee5Q9s2iXrL+a2C5kXVu65ePV5Wand5tkV0jE7ROfLQDaqhB1RHDUQQRy/oFb1Z79an9WV9z0cLVr5zhBbK+vkFf+evDQ==</latexit>

✓1
<latexit sha1_base64="OOY5nEd8dT6bV2sDBcS+wwLrvVg=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclaT4WhbduKxgH9CGMplOmqEzkzBzUyyhP+FWv8X/cO9O3Lp22mZhWy8MHM59zDknSDjT4Lof1tr6xubWdmHH3t3bPzgslo6aOk4VoQ0S81i1A6wpZ5I2gAGn7URRLAJOW8HwftpvjajSLJZPME6oL/BAspARDIZqdyGigHvVXrHsVtxZOavAy0EZ5VXvlazTbj8mqaASCMdadzw3AT/DChjhdGJ3U00TTIZ4QDsGSiyo9rOZ4Ilzbpi+E8bKPAnOjP27kWGh9VgEZlJgiPRyb0r+20uisWZEL3yfqVhgKVOxJArCWz9jMkmBSjLXFKbcgdiZBuX0maIE+NgATBQzthwSYYUJmDgXLvVHLNG5wee5Q9s2iXrL+a2CZrXiXVeuHi/Ltbs82wI6QWfoAnnoBtXQA6qjBiKIoxf0it6sd+vT+rK+56NrVr5zjBbK+vkFgbivDg==</latexit>

✓2

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>m2

<latexit sha1_base64="V3QTkZ98SWezLMn0HCM7cEjM2AM=">AAACN3icbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmVF+4B2KJlM2obmRZIpDkM/wa1+i5/iyp249Q9M21nY1guBw7mPnHMiSYk2vv/hrKyurW9sFrbc7Z3dvf1i6aChRaIQriNBhWpFUGNKOK4bYihuSYUhiyhuRsO7Sb85wkoTwZ9MKnHIYJ+THkHQWOox7QbdYtmv+NPylkGQgzLIq9YtOcedWKCEYW4QhVq3A1+aMIPKEETx2O0kGkuIhrCP2xZyyLAOs6nWsXdqmdjrCWUfN96U/buRQaZ1yiI7yaAZ6MXehPy3JwepJkjPfZ8pwSDnCVsQZXo3YUa4TAzmaKapl1DPCG+SkRcThZGhqQUQKWJteWgAFUTGJjl3KR4RqXODzzOHrmsTDRbzWwaN80pwVbl8uChXb/NsC+AInIAzEIBrUAX3oAbqAIE+eAGv4M15dz6dL+d7Nrri5DuHYK6cn18mQazi</latexit>y1

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3

<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>m2

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3

<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3

<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="Fg2mLeqHmY2QKO8evKkuA29xZ8I=">AAACPHicbVDLSsNAFJ3UV42vVpeCBIvgqiTia1l047KCfUBbymQybYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeccP+ZMg+t+WIW19Y3NreK2vbO7t39QKh82dZQoQhsk4pFq+1hTziRtAANO27GiWPictvzR/bTfGlOlWSSfII1pT+ChZANGMBiq3YWQAu57/VLFrbqzclaBl4MKyqveL1sn3SAiiaASCMdadzw3hl6GFTDC6cTuJprGmIzwkHYMlFhQ3ctmgifOmWECZxAp8yQ4M/bvRoaF1qnwzaTAEOrl3pT8txeHqWZEL3yfqUhgKROxJAoGt72MyTgBKslc0yDhDkTONCgnYIoS4KkBmChmbDkkxAoTMHEuXArGLNa5wee5Q9s2iXrL+a2C5kXVu65ePV5Wand5tkV0jE7ROfLQDaqhB1RHDUQQRy/oFb1Z79an9WV9z0cLVr5zhBbK+vkFf+evDQ==</latexit>

✓1
<latexit sha1_base64="OOY5nEd8dT6bV2sDBcS+wwLrvVg=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclaT4WhbduKxgH9CGMplOmqEzkzBzUyyhP+FWv8X/cO9O3Lp22mZhWy8MHM59zDknSDjT4Lof1tr6xubWdmHH3t3bPzgslo6aOk4VoQ0S81i1A6wpZ5I2gAGn7URRLAJOW8HwftpvjajSLJZPME6oL/BAspARDIZqdyGigHvVXrHsVtxZOavAy0EZ5VXvlazTbj8mqaASCMdadzw3AT/DChjhdGJ3U00TTIZ4QDsGSiyo9rOZ4Ilzbpi+E8bKPAnOjP27kWGh9VgEZlJgiPRyb0r+20uisWZEL3yfqVhgKVOxJArCWz9jMkmBSjLXFKbcgdiZBuX0maIE+NgATBQzthwSYYUJmDgXLvVHLNG5wee5Q9s2iXrL+a2CZrXiXVeuHi/Ltbs82wI6QWfoAnnoBtXQA6qjBiKIoxf0it6sd+vT+rK+56NrVr5zjBbK+vkFgbivDg==</latexit>

✓2

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>

m1

<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>

m2

<latexit sha1_base64="V3QTkZ98SWezLMn0HCM7cEjM2AM=">AAACN3icbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmVF+4B2KJlM2obmRZIpDkM/wa1+i5/iyp249Q9M21nY1guBw7mPnHMiSYk2vv/hrKyurW9sFrbc7Z3dvf1i6aChRaIQriNBhWpFUGNKOK4bYihuSYUhiyhuRsO7Sb85wkoTwZ9MKnHIYJ+THkHQWOox7QbdYtmv+NPylkGQgzLIq9YtOcedWKCEYW4QhVq3A1+aMIPKEETx2O0kGkuIhrCP2xZyyLAOs6nWsXdqmdjrCWUfN96U/buRQaZ1yiI7yaAZ6MXehPy3JwepJkjPfZ8pwSDnCVsQZXo3YUa4TAzmaKapl1DPCG+SkRcThZGhqQUQKWJteWgAFUTGJjl3KR4RqXODzzOHrmsTDRbzWwaN80pwVbl8uChXb/NsC+AInIAzEIBrUAX3oAbqAIE+eAGv4M15dz6dL+d7Nrri5DuHYK6cn18mQazi</latexit>

y1
<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="Fg2mLeqHmY2QKO8evKkuA29xZ8I=">AAACPHicbVDLSsNAFJ3UV42vVpeCBIvgqiTia1l047KCfUBbymQybYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeccP+ZMg+t+WIW19Y3NreK2vbO7t39QKh82dZQoQhsk4pFq+1hTziRtAANO27GiWPictvzR/bTfGlOlWSSfII1pT+ChZANGMBiq3YWQAu57/VLFrbqzclaBl4MKyqveL1sn3SAiiaASCMdadzw3hl6GFTDC6cTuJprGmIzwkHYMlFhQ3ctmgifOmWECZxAp8yQ4M/bvRoaF1qnwzaTAEOrl3pT8txeHqWZEL3yfqUhgKROxJAoGt72MyTgBKslc0yDhDkTONCgnYIoS4KkBmChmbDkkxAoTMHEuXArGLNa5wee5Q9s2iXrL+a2C5kXVu65ePV5Wand5tkV0jE7ROfLQDaqhB1RHDUQQRy/oFb1Z79an9WV9z0cLVr5zhBbK+vkFf+evDQ==</latexit>

✓1
<latexit sha1_base64="OOY5nEd8dT6bV2sDBcS+wwLrvVg=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclaT4WhbduKxgH9CGMplOmqEzkzBzUyyhP+FWv8X/cO9O3Lp22mZhWy8MHM59zDknSDjT4Lof1tr6xubWdmHH3t3bPzgslo6aOk4VoQ0S81i1A6wpZ5I2gAGn7URRLAJOW8HwftpvjajSLJZPME6oL/BAspARDIZqdyGigHvVXrHsVtxZOavAy0EZ5VXvlazTbj8mqaASCMdadzw3AT/DChjhdGJ3U00TTIZ4QDsGSiyo9rOZ4Ilzbpi+E8bKPAnOjP27kWGh9VgEZlJgiPRyb0r+20uisWZEL3yfqVhgKVOxJArCWz9jMkmBSjLXFKbcgdiZBuX0maIE+NgATBQzthwSYYUJmDgXLvVHLNG5wee5Q9s2iXrL+a2CZrXiXVeuHi/Ltbs82wI6QWfoAnnoBtXQA6qjBiKIoxf0it6sd+vT+rK+56NrVr5zjBbK+vkFgbivDg==</latexit>

✓2

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>

m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>

m2

<latexit sha1_base64="V3QTkZ98SWezLMn0HCM7cEjM2AM=">AAACN3icbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmVF+4B2KJlM2obmRZIpDkM/wa1+i5/iyp249Q9M21nY1guBw7mPnHMiSYk2vv/hrKyurW9sFrbc7Z3dvf1i6aChRaIQriNBhWpFUGNKOK4bYihuSYUhiyhuRsO7Sb85wkoTwZ9MKnHIYJ+THkHQWOox7QbdYtmv+NPylkGQgzLIq9YtOcedWKCEYW4QhVq3A1+aMIPKEETx2O0kGkuIhrCP2xZyyLAOs6nWsXdqmdjrCWUfN96U/buRQaZ1yiI7yaAZ6MXehPy3JwepJkjPfZ8pwSDnCVsQZXo3YUa4TAzmaKapl1DPCG+SkRcThZGhqQUQKWJteWgAFUTGJjl3KR4RqXODzzOHrmsTDRbzWwaN80pwVbl8uChXb/NsC+AInIAzEIBrUAX3oAbqAIE+eAGv4M15dz6dL+d7Nrri5DuHYK6cn18mQazi</latexit>

y1

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>

m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>

m2

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="3c/pC8iKSFm1i08GRfoblCjDyfE=">AAACSXicbVDLTsMwEHRaHqW8WjhysaiQOFUJ4nWs4MKxlehDaqPKcZzWqu1EtlMRRf0CrvBVfAGfwQ1xwmlzIC0rWRrN7Hp3xosYVdq2P61SeWt7Z7eyV90/ODw6rtVPeiqMJSZdHLJQDjykCKOCdDXVjAwiSRD3GOl7s8dM78+JVDQUzzqJiMvRRNCAYqQN1fHGtYbdtJcFN4GTgwbIqz2uW1cjP8QxJ0JjhpQaOnak3RRJTTEji+ooViRCeIYmZGigQJwoN11euoAXhvFhEErzhIZL9u9EirhSCfdMJ0d6qta1jPxXi6aJolgV1qe+yrYUORlyJETM1w7Vwb2bUhHFmgi8ujOIGdQhzFKDPpUEa5YYgLCkxirEUyQR1ibbwk/+nEYqN/2ycl2tmpSd9Uw3Qe+q6dw2bzrXjdZDnncFnIFzcAkccAda4Am0QRdgQMAreAPv1of1ZX1bP6vWkpXPnIJClcq/PjuzpQ==</latexit>

b

<latexit sha1_base64="NJyzgIkcCsbuO00/oZ9tGPR0asE=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FMDXo6rdbtpL8vaBE4O6iCvzrhmXI38EMUMc4UolHLo2JFyUygUQRQvzFEscQTRDE7wUEMOGZZuurx1YV1oxreCUOjHlbVk/06kkEmZME93Mqimcl3LyH+1aJpIgmRhferLbEuREyGDnMds7VAV3Lop4VGsMEerO4OYWiq0stwsnwiMFE00gEgQbdVCUyggUjrdwk/+nEQyN/2ycm2aOmVnPdNN0LtqOq1m6/G63r7L866AM3AOGsABN6ANHkAHdAECE/AK3sC78WF8Gd/Gz6q1ZOQzp6BQpfIvIWm0Cg==</latexit>

(a)
<latexit sha1_base64="s5MCC2q+tEzpJvPm3w15wC+uGrs=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FPDuxxX63bTXpa1CZwc1EFenXHNuBr5IYoZ5gpRKOXQsSPlplAogihemKNY4giiGZzgoYYcMizddHnrwrrQjG8FodCPK2vJ/p1IIZMyYZ7uZFBN5bqWkf9q0TSRBMnC+tSX2ZYiJ0IGOY/Z2qEquHVTwqNYYY5WdwYxtVRoZblZPhEYKZpoAJEg2qqFplBApHS6hZ/8OYlkbvpl5do0dcrOeqaboHfVdFrN1uN1vX2X510BZ+AcNIADbkAbPIAO6AIEJuAVvIF348P4Mr6Nn1VrychnTkGhSuVfI0+0Cw==</latexit>

(b)

<latexit sha1_base64="yK3uLRp6tr6J8HWUZMxOEZhV8FU=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVQ96hXLfsWflbcKghyUQV61Xsk57cYCJQxzgyjUuhP40oQZVIYgiiduN9FYQjSCA9yxkEOGdZjNlE68c8vEXl8o+7jxZuzfjQwyrVMW2UkGzVAv96bkvz05TDVBeuH7TAkGOU/YkijTvwszwmViMEdzTf2EekZ404S8mCiMDE0tgEgRa8tDQ6ggMjbHhUvxmEidG3yeO3Rdm2iwnN8qaF5WgpvKdf2qXL3Psy2AE3AGLkAAbkEVPIIaaAAEMHgBr+DNeXc+nS/nez665uQ7x2ChnJ9fqxesJw==</latexit>

b

<latexit sha1_base64="24VSQatRqbBHrlApYuh9F5SyCG8=">AAACQXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG3dWsA9oh5LJZNrQJDMmmWIZ+h1u9Vv8Cj/Bnbh1Y6adhW09EDic+8i5x48ZVdpxPmBhZXVtfaO4aW1t7+zulcr7TRUlEpMGjlgk2z5ShFFBGppqRtqxJIj7jLT84W1Wb42IVDQSj3ocE4+jvqAhxUgbyetypAcYsfR+0qO9UsWpOlPYy8TNSQXkqPfK8KgbRDjhRGjMkFId14m1lyKpKWZkYnUTRWKEh6hPOoYKxIny0qnriX1ilMAOI2me0PZU/TuRIq7UmPumM3OpFmuZ+G8tHowVxWru+1RGHAmR8AVTOrz2UiriRBOBZ57ChNk6srO07IBKgjUbG4KwpOYsGw+QRFibTOc2BSMaq/zA59mFlmUSdRfzWybNs6p7Wb14OK/UbvJsi+AQHINT4IIrUAN3oA4aAIMn8AJewRt8h5/wC37PWgswnzkAc4A/v2pFsYI=</latexit>Oi

<latexit sha1_base64="taei2L03pOncqPhUzR39SCwxkE8="></latexit>

e�
�H
2

<latexit sha1_base64="mAquQBotOzmEulhqgn+SqqT5Dsg="></latexit>

tr
�
e��HOi

�

<latexit sha1_base64="NJyzgIkcCsbuO00/oZ9tGPR0asE=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FMDXo6rdbtpL8vaBE4O6iCvzrhmXI38EMUMc4UolHLo2JFyUygUQRQvzFEscQTRDE7wUEMOGZZuurx1YV1oxreCUOjHlbVk/06kkEmZME93Mqimcl3LyH+1aJpIgmRhferLbEuREyGDnMds7VAV3Lop4VGsMEerO4OYWiq0stwsnwiMFE00gEgQbdVCUyggUjrdwk/+nEQyN/2ycm2aOmVnPdNN0LtqOq1m6/G63r7L866AM3AOGsABN6ANHkAHdAECE/AK3sC78WF8Gd/Gz6q1ZOQzp6BQpfIvIWm0Cg==</latexit>

(a)
<latexit sha1_base64="s5MCC2q+tEzpJvPm3w15wC+uGrs=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FPDuxxX63bTXpa1CZwc1EFenXHNuBr5IYoZ5gpRKOXQsSPlplAogihemKNY4giiGZzgoYYcMizddHnrwrrQjG8FodCPK2vJ/p1IIZMyYZ7uZFBN5bqWkf9q0TSRBMnC+tSX2ZYiJ0IGOY/Z2qEquHVTwqNYYY5WdwYxtVRoZblZPhEYKZpoAJEg2qqFplBApHS6hZ/8OYlkbvpl5do0dcrOeqaboHfVdFrN1uN1vX2X510BZ+AcNIADbkAbPIAO6AIEJuAVvIF348P4Mr6Nn1VrychnTkGhSuVfI0+0Cw==</latexit>

(b)

<latexit sha1_base64="fBd4PzB1RNUCgZq/a08MuegR+u0="></latexit>| �,ii =
<latexit sha1_base64="U6v+LsXbhyLD1hQM4pnRNQsxqy0=">AAACVXicbVDLSsNAFJ3EWmt8tNWlm2ARXJWk+FoW3bizgn1AG8pkMmmHzkzizKQYQr/DrX6V+DGCkzYL23pg4HDuvXPPPX5MiVSO822YO6Xd8l5l3zo4PDqu1uonPRklAuEuimgkBj6UmBKOu4ooigexwJD5FPf92UNe78+xkCTiLyqNscfghJOQIKi05I0YVFMEafa0GJNxreE0nSXsbeIWpAEKdMZ1ozUKIpQwzBWiUMqh68TKy6BQBFG8sEaJxDFEMzjBQ005ZFh62dL1wr7QSmCHkdCPK3up/p3IIJMyZb7uzF3KzVou/luLp6kkSK6tzwKZb1nXRMQg5wnbMKrCOy8jPE4U5mjlM0yorSI7T9AOiMBI0VQTiATRp9poCgVESue89lMwJ7Esjn5bXW1ZOmV3M9Nt0ms13Zvm9fNVo31f5F0BZ+AcXAIX3II2eAQd0AUIvIJ38AE+jS/jxyyZ5VWraRQzp2ANZvUXHFu3Ag==</latexit>Oi

<latexit sha1_base64="MGVVB7Le+TqhbxpQ+XFWq45HwD0=">AAACVXicbVDLTsMwEHRCgRIebeHIJaJC4lQlFa9jBRduFIk+pDaqHMdpTW0n2E5FFfU7uMJXIT4GCafNgbSMZGk0u+udHT+mRCrH+TbMrdL2zm55z9o/ODyqVGvHXRklAuEOimgk+j6UmBKOO4ooivuxwJD5FPf86X1W782wkCTiz2oeY4/BMSchQVBpyRsyqCYI0vRxMXoZVetOw1nC3iRuTuogR3tUM5rDIEIJw1whCqUcuE6svBQKRRDFC2uYSBxDNIVjPNCUQ4ally5dL+xzrQR2GAn9uLKX6t+JFDIp58zXnZlLuV7LxH9r8WQuCZKF9Wkgsy1FTUQMcp6wNaMqvPVSwuNEYY5WPsOE2iqyswTtgAiMFJ1rApEg+lQbTaCASOmcCz8FMxLL/Oi31dWWpVN21zPdJN1mw71uXD1d1lt3ed5lcArOwAVwwQ1ogQfQBh2AwCt4Bx/g0/gyfsySubNqNY185gQUYFZ+AR5AtwM=</latexit>Oj

<latexit sha1_base64="Mdzn6sxux0bH4klNXH9gYSYIImQ="></latexit>��� �̃,j

E
=

<latexit sha1_base64="iMhz/wa8sMP1TG7NzAB8aPS5A5U="></latexit>D
 �,i

��� �̃,j

E
= 0 if <latexit sha1_base64="NI6jVvNuR3SqMXwmCr3Qm9P+iv4=">AAACT3icbVDLTsMwEHTCqw2vFo5cLCokTlVS8TpWcOFYJPqQ2qhyHKc1tZ1gOxVV1I/gCl/FkS/hhnDbHEhhJUujmfXu7AQJo0q77qdlb2xube+Uys7u3v7BYaV61FFxKjFp45jFshcgRRgVpK2pZqSXSIJ4wEg3mNwt9O6USEVj8ahnCfE5GgkaUYy0obp0IMgzfBpWam7dXRb8C7wc1EBerWHVagzCGKecCI0ZUqrvuYn2MyQ1xYzMnUGqSILwBI1I30CBOFF+tvQ7h2eGCWEUS/OEhkv2948McaVmPDCdHOmxWtcW5L9aMp4pilVhfRaqxZYiJ2OOhEj5mlEd3fgZFUmqicArn1HKoI7hIjsYUkmwZjMDEJbUnArxGEmEtUm4MCmc0kTlR7+srnYck7K3nulf0GnUvav65cNFrXmb510CJ+AUnAMPXIMmuAct0AYYTMAreAPv1of1ZX3beatt5eAYFMou/wAsZLUT</latexit>

i 6= j

<latexit sha1_base64="AJuhsfClcUyk9EOIu+r8NLFao/k="></latexit>

M�,i;�̃,j ⌘
D
 �,i

��� �̃,j

E

<latexit sha1_base64="NJyzgIkcCsbuO00/oZ9tGPR0asE=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FMDXo6rdbtpL8vaBE4O6iCvzrhmXI38EMUMc4UolHLo2JFyUygUQRQvzFEscQTRDE7wUEMOGZZuurx1YV1oxreCUOjHlbVk/06kkEmZME93Mqimcl3LyH+1aJpIgmRhferLbEuREyGDnMds7VAV3Lop4VGsMEerO4OYWiq0stwsnwiMFE00gEgQbdVCUyggUjrdwk/+nEQyN/2ycm2aOmVnPdNN0LtqOq1m6/G63r7L866AM3AOGsABN6ANHkAHdAECE/AK3sC78WF8Gd/Gz6q1ZOQzp6BQpfIvIWm0Cg==</latexit>

(a)
<latexit sha1_base64="s5MCC2q+tEzpJvPm3w15wC+uGrs=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FPDuxxX63bTXpa1CZwc1EFenXHNuBr5IYoZ5gpRKOXQsSPlplAogihemKNY4giiGZzgoYYcMizddHnrwrrQjG8FodCPK2vJ/p1IIZMyYZ7uZFBN5bqWkf9q0TSRBMnC+tSX2ZYiJ0IGOY/Z2qEquHVTwqNYYY5WdwYxtVRoZblZPhEYKZpoAJEg2qqFplBApHS6hZ/8OYlkbvpl5do0dcrOeqaboHfVdFrN1uN1vX2X510BZ+AcNIADbkAbPIAO6AIEJuAVvIF348P4Mr6Nn1VrychnTkGhSuVfI0+0Cw==</latexit>

(b)

Figure 1: Preparing a closed universe state with a particle (dashed blue).

We can prepare an infinite number of seemingly orthogonal cosmological states by changing the asymp-

totic boundary conditions. For example, by exciting different flavors i, j of matter fields at the asymp-

totic boundary

|ψβ,i⟩ =<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="/cIh/XwAIIH/IDXFKxEnEXVQj5E=">AAACQXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG3dWsA9oh5LJZNrQJDMmmWIZ+h1u9Vv8Cj/Bnbh1Y6adhW09EDic+8i5x48ZVdpxPmBhZXVtfaO4aW1t7+zulcr7TRUlEpMGjlgk2z5ShFFBGppqRtqxJIj7jLT84W1Wb42IVDQSj3ocE4+jvqAhxUgbyetypAcYsfR+0nN7pYpTdaawl4mbkwrIUe+V4VE3iHDCidCYIaU6rhNrL0VSU8zIxOomisQID1GfdAwViBPlpVPXE/vEKIEdRtI8oe2p+nciRVypMfdNZ+ZSLdYy8d9aPBgritXc96mMOBIi4QumdHjtpVTEiSYCzzyFCbN1ZGdp2QGVBGs2NgRhSc1ZNh4gibA2mc5tCkY0VvmBz7MLLcsk6i7mt0yaZ1X3snrxcF6p3eTZFsEhOAanwAVXoAbuQB00AAZP4AW8gjf4Dj/hF/yetRZgPnMA5gB/fgEEjbFK</latexit>O1

<latexit sha1_base64="DFd9yLYSuEipU0ekRyYTyrwpdPY=">AAACQXicbVDLTgIxFO3gC8cX6NLETCQmrsgM8bUkunEnJgImMCGdToGGtlPbDnEy4Tvc6rf4FX6CO+PWjR2YhYAnaXJy7qPnnkBQorTrfliFldW19Y3ipr21vbO7Vyrvt1QUS4SbKKKRfAygwpRw3NREU/woJIYsoLgdjG6yenuMpSIRf9CJwD6DA076BEFtJL/LoB4iSNO7Sa/WK1XcqjuFs0y8nFRAjkavbB11wwjFDHONKFSq47lC+ymUmiCKJ3Y3VlhANIID3DGUQ4aVn05dT5wTo4ROP5Lmce1M1b8TKWRKJSwwnZlLtVjLxH9rYpgogtTc96mMGOQ8ZgumdP/KTwkXscYczTz1Y+royMnSckIiMdI0MQQiScxZDhpCCZE2mc5tCsdEqPzA59mFtm0S9RbzWyatWtW7qJ7fn1Xq13m2RXAIjsEp8MAlqINb0ABNgMATeAGv4M16tz6tL+t71lqw8pkDMAfr5xcGXrFL</latexit>O2

<latexit sha1_base64="9UAzgxcXLrV41vzlfS8Bfhd5S4k=">AAACQXicbVDLSgMxFE3qq46vVpeCDBbBjWVGfC2LblxWsA9oh5LJZNrQJDMmmWIZ+h1u9Vv8Cj/Bnbh1YzqdhW29kHA4997knOPHjCrtOB+wsLK6tr5R3LS2tnd290rl/aaKEolJA0cskm0fKcKoIA1NNSPtWBLEfUZa/vBu2m+NiFQ0Eo96HBOPo76gIcVIG8rr+kSjs+zuub1Sxak6WdnLwM1BBeRV75XhUTeIcMKJ0JghpTquE2svRVJTzMjE6iaKxAgPUZ90DBSIE+WlmeqJfWKYwA4jaY7Qdsb+3UgRV2rMfTPJkR6oxd6U/LcXD8aKYjX3fSojjoRI+IIoHd54KRVxoonAM01hwmwd2dO07IBKgjUbG4CwpMaWjQdIIqxNpnMvBSMaq9zg88yhZZlE3cX8lkHzvOpeVS8fLiq12zzbIjgEx+AUuOAa1MA9qIMGwOAJvIBX8Abf4Sf8gt+z0QLMdw7AXMGfX1OqsOo=</latexit>

� � �1
<latexit sha1_base64="mBBWnoZSJxvEIwpNX44OIr//A7g="></latexit>

m1 � ⇡C

�
� m2

<latexit sha1_base64="Fg2mLeqHmY2QKO8evKkuA29xZ8I=">AAACPHicbVDLSsNAFJ3UV42vVpeCBIvgqiTia1l047KCfUBbymQybYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeccP+ZMg+t+WIW19Y3NreK2vbO7t39QKh82dZQoQhsk4pFq+1hTziRtAANO27GiWPictvzR/bTfGlOlWSSfII1pT+ChZANGMBiq3YWQAu57/VLFrbqzclaBl4MKyqveL1sn3SAiiaASCMdadzw3hl6GFTDC6cTuJprGmIzwkHYMlFhQ3ctmgifOmWECZxAp8yQ4M/bvRoaF1qnwzaTAEOrl3pT8txeHqWZEL3yfqUhgKROxJAoGt72MyTgBKslc0yDhDkTONCgnYIoS4KkBmChmbDkkxAoTMHEuXArGLNa5wee5Q9s2iXrL+a2C5kXVu65ePV5Wand5tkV0jE7ROfLQDaqhB1RHDUQQRy/oFb1Z79an9WV9z0cLVr5zhBbK+vkFf+evDQ==</latexit>

✓1<latexit sha1_base64="OOY5nEd8dT6bV2sDBcS+wwLrvVg=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclaT4WhbduKxgH9CGMplOmqEzkzBzUyyhP+FWv8X/cO9O3Lp22mZhWy8MHM59zDknSDjT4Lof1tr6xubWdmHH3t3bPzgslo6aOk4VoQ0S81i1A6wpZ5I2gAGn7URRLAJOW8HwftpvjajSLJZPME6oL/BAspARDIZqdyGigHvVXrHsVtxZOavAy0EZ5VXvlazTbj8mqaASCMdadzw3AT/DChjhdGJ3U00TTIZ4QDsGSiyo9rOZ4Ilzbpi+E8bKPAnOjP27kWGh9VgEZlJgiPRyb0r+20uisWZEL3yfqVhgKVOxJArCWz9jMkmBSjLXFKbcgdiZBuX0maIE+NgATBQzthwSYYUJmDgXLvVHLNG5wee5Q9s2iXrL+a2CZrXiXVeuHi/Ltbs82wI6QWfoAnnoBtXQA6qjBiKIoxf0it6sd+vT+rK+56NrVr5zjBbK+vkFgbivDg==</latexit>

✓2

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>m1

<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>m2

<latexit sha1_base64="V3QTkZ98SWezLMn0HCM7cEjM2AM=">AAACN3icbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmVF+4B2KJlM2obmRZIpDkM/wa1+i5/iyp249Q9M21nY1guBw7mPnHMiSYk2vv/hrKyurW9sFrbc7Z3dvf1i6aChRaIQriNBhWpFUGNKOK4bYihuSYUhiyhuRsO7Sb85wkoTwZ9MKnHIYJ+THkHQWOox7QbdYtmv+NPylkGQgzLIq9YtOcedWKCEYW4QhVq3A1+aMIPKEETx2O0kGkuIhrCP2xZyyLAOs6nWsXdqmdjrCWUfN96U/buRQaZ1yiI7yaAZ6MXehPy3JwepJkjPfZ8pwSDnCVsQZXo3YUa4TAzmaKapl1DPCG+SkRcThZGhqQUQKWJteWgAFUTGJjl3KR4RqXODzzOHrmsTDRbzWwaN80pwVbl8uChXb/NsC+AInIAzEIBrUAX3oAbqAIE+eAGv4M15dz6dL+d7Nrri5DuHYK6cn18mQazi</latexit>y1
<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2

<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="Fg2mLeqHmY2QKO8evKkuA29xZ8I=">AAACPHicbVDLSsNAFJ3UV42vVpeCBIvgqiTia1l047KCfUBbymQybYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeccP+ZMg+t+WIW19Y3NreK2vbO7t39QKh82dZQoQhsk4pFq+1hTziRtAANO27GiWPictvzR/bTfGlOlWSSfII1pT+ChZANGMBiq3YWQAu57/VLFrbqzclaBl4MKyqveL1sn3SAiiaASCMdadzw3hl6GFTDC6cTuJprGmIzwkHYMlFhQ3ctmgifOmWECZxAp8yQ4M/bvRoaF1qnwzaTAEOrl3pT8txeHqWZEL3yfqUhgKROxJAoGt72MyTgBKslc0yDhDkTONCgnYIoS4KkBmChmbDkkxAoTMHEuXArGLNa5wee5Q9s2iXrL+a2C5kXVu65ePV5Wand5tkV0jE7ROfLQDaqhB1RHDUQQRy/oFb1Z79an9WV9z0cLVr5zhBbK+vkFf+evDQ==</latexit>

✓1
<latexit sha1_base64="OOY5nEd8dT6bV2sDBcS+wwLrvVg=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclaT4WhbduKxgH9CGMplOmqEzkzBzUyyhP+FWv8X/cO9O3Lp22mZhWy8MHM59zDknSDjT4Lof1tr6xubWdmHH3t3bPzgslo6aOk4VoQ0S81i1A6wpZ5I2gAGn7URRLAJOW8HwftpvjajSLJZPME6oL/BAspARDIZqdyGigHvVXrHsVtxZOavAy0EZ5VXvlazTbj8mqaASCMdadzw3AT/DChjhdGJ3U00TTIZ4QDsGSiyo9rOZ4Ilzbpi+E8bKPAnOjP27kWGh9VgEZlJgiPRyb0r+20uisWZEL3yfqVhgKVOxJArCWz9jMkmBSjLXFKbcgdiZBuX0maIE+NgATBQzthwSYYUJmDgXLvVHLNG5wee5Q9s2iXrL+a2CZrXiXVeuHi/Ltbs82wI6QWfoAnnoBtXQA6qjBiKIoxf0it6sd+vT+rK+56NrVr5zjBbK+vkFgbivDg==</latexit>

✓2

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>m2

<latexit sha1_base64="V3QTkZ98SWezLMn0HCM7cEjM2AM=">AAACN3icbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmVF+4B2KJlM2obmRZIpDkM/wa1+i5/iyp249Q9M21nY1guBw7mPnHMiSYk2vv/hrKyurW9sFrbc7Z3dvf1i6aChRaIQriNBhWpFUGNKOK4bYihuSYUhiyhuRsO7Sb85wkoTwZ9MKnHIYJ+THkHQWOox7QbdYtmv+NPylkGQgzLIq9YtOcedWKCEYW4QhVq3A1+aMIPKEETx2O0kGkuIhrCP2xZyyLAOs6nWsXdqmdjrCWUfN96U/buRQaZ1yiI7yaAZ6MXehPy3JwepJkjPfZ8pwSDnCVsQZXo3YUa4TAzmaKapl1DPCG+SkRcThZGhqQUQKWJteWgAFUTGJjl3KR4RqXODzzOHrmsTDRbzWwaN80pwVbl8uChXb/NsC+AInIAzEIBrUAX3oAbqAIE+eAGv4M15dz6dL+d7Nrri5DuHYK6cn18mQazi</latexit>y1

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3

<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>m2

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3

<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3

<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="Fg2mLeqHmY2QKO8evKkuA29xZ8I=">AAACPHicbVDLSsNAFJ3UV42vVpeCBIvgqiTia1l047KCfUBbymQybYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeccP+ZMg+t+WIW19Y3NreK2vbO7t39QKh82dZQoQhsk4pFq+1hTziRtAANO27GiWPictvzR/bTfGlOlWSSfII1pT+ChZANGMBiq3YWQAu57/VLFrbqzclaBl4MKyqveL1sn3SAiiaASCMdadzw3hl6GFTDC6cTuJprGmIzwkHYMlFhQ3ctmgifOmWECZxAp8yQ4M/bvRoaF1qnwzaTAEOrl3pT8txeHqWZEL3yfqUhgKROxJAoGt72MyTgBKslc0yDhDkTONCgnYIoS4KkBmChmbDkkxAoTMHEuXArGLNa5wee5Q9s2iXrL+a2C5kXVu65ePV5Wand5tkV0jE7ROfLQDaqhB1RHDUQQRy/oFb1Z79an9WV9z0cLVr5zhBbK+vkFf+evDQ==</latexit>

✓1
<latexit sha1_base64="OOY5nEd8dT6bV2sDBcS+wwLrvVg=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclaT4WhbduKxgH9CGMplOmqEzkzBzUyyhP+FWv8X/cO9O3Lp22mZhWy8MHM59zDknSDjT4Lof1tr6xubWdmHH3t3bPzgslo6aOk4VoQ0S81i1A6wpZ5I2gAGn7URRLAJOW8HwftpvjajSLJZPME6oL/BAspARDIZqdyGigHvVXrHsVtxZOavAy0EZ5VXvlazTbj8mqaASCMdadzw3AT/DChjhdGJ3U00TTIZ4QDsGSiyo9rOZ4Ilzbpi+E8bKPAnOjP27kWGh9VgEZlJgiPRyb0r+20uisWZEL3yfqVhgKVOxJArCWz9jMkmBSjLXFKbcgdiZBuX0maIE+NgATBQzthwSYYUJmDgXLvVHLNG5wee5Q9s2iXrL+a2CZrXiXVeuHi/Ltbs82wI6QWfoAnnoBtXQA6qjBiKIoxf0it6sd+vT+rK+56NrVr5zjBbK+vkFgbivDg==</latexit>

✓2

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>

m1

<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>

m2

<latexit sha1_base64="V3QTkZ98SWezLMn0HCM7cEjM2AM=">AAACN3icbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmVF+4B2KJlM2obmRZIpDkM/wa1+i5/iyp249Q9M21nY1guBw7mPnHMiSYk2vv/hrKyurW9sFrbc7Z3dvf1i6aChRaIQriNBhWpFUGNKOK4bYihuSYUhiyhuRsO7Sb85wkoTwZ9MKnHIYJ+THkHQWOox7QbdYtmv+NPylkGQgzLIq9YtOcedWKCEYW4QhVq3A1+aMIPKEETx2O0kGkuIhrCP2xZyyLAOs6nWsXdqmdjrCWUfN96U/buRQaZ1yiI7yaAZ6MXehPy3JwepJkjPfZ8pwSDnCVsQZXo3YUa4TAzmaKapl1DPCG+SkRcThZGhqQUQKWJteWgAFUTGJjl3KR4RqXODzzOHrmsTDRbzWwaN80pwVbl8uChXb/NsC+AInIAzEIBrUAX3oAbqAIE+eAGv4M15dz6dL+d7Nrri5DuHYK6cn18mQazi</latexit>

y1
<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="Fg2mLeqHmY2QKO8evKkuA29xZ8I=">AAACPHicbVDLSsNAFJ3UV42vVpeCBIvgqiTia1l047KCfUBbymQybYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeccP+ZMg+t+WIW19Y3NreK2vbO7t39QKh82dZQoQhsk4pFq+1hTziRtAANO27GiWPictvzR/bTfGlOlWSSfII1pT+ChZANGMBiq3YWQAu57/VLFrbqzclaBl4MKyqveL1sn3SAiiaASCMdadzw3hl6GFTDC6cTuJprGmIzwkHYMlFhQ3ctmgifOmWECZxAp8yQ4M/bvRoaF1qnwzaTAEOrl3pT8txeHqWZEL3yfqUhgKROxJAoGt72MyTgBKslc0yDhDkTONCgnYIoS4KkBmChmbDkkxAoTMHEuXArGLNa5wee5Q9s2iXrL+a2C5kXVu65ePV5Wand5tkV0jE7ROfLQDaqhB1RHDUQQRy/oFb1Z79an9WV9z0cLVr5zhBbK+vkFf+evDQ==</latexit>

✓1
<latexit sha1_base64="OOY5nEd8dT6bV2sDBcS+wwLrvVg=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclaT4WhbduKxgH9CGMplOmqEzkzBzUyyhP+FWv8X/cO9O3Lp22mZhWy8MHM59zDknSDjT4Lof1tr6xubWdmHH3t3bPzgslo6aOk4VoQ0S81i1A6wpZ5I2gAGn7URRLAJOW8HwftpvjajSLJZPME6oL/BAspARDIZqdyGigHvVXrHsVtxZOavAy0EZ5VXvlazTbj8mqaASCMdadzw3AT/DChjhdGJ3U00TTIZ4QDsGSiyo9rOZ4Ilzbpi+E8bKPAnOjP27kWGh9VgEZlJgiPRyb0r+20uisWZEL3yfqVhgKVOxJArCWz9jMkmBSjLXFKbcgdiZBuX0maIE+NgATBQzthwSYYUJmDgXLvVHLNG5wee5Q9s2iXrL+a2CZrXiXVeuHi/Ltbs82wI6QWfoAnnoBtXQA6qjBiKIoxf0it6sd+vT+rK+56NrVr5zjBbK+vkFgbivDg==</latexit>

✓2

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>

m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>

m2

<latexit sha1_base64="V3QTkZ98SWezLMn0HCM7cEjM2AM=">AAACN3icbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmVF+4B2KJlM2obmRZIpDkM/wa1+i5/iyp249Q9M21nY1guBw7mPnHMiSYk2vv/hrKyurW9sFrbc7Z3dvf1i6aChRaIQriNBhWpFUGNKOK4bYihuSYUhiyhuRsO7Sb85wkoTwZ9MKnHIYJ+THkHQWOox7QbdYtmv+NPylkGQgzLIq9YtOcedWKCEYW4QhVq3A1+aMIPKEETx2O0kGkuIhrCP2xZyyLAOs6nWsXdqmdjrCWUfN96U/buRQaZ1yiI7yaAZ6MXehPy3JwepJkjPfZ8pwSDnCVsQZXo3YUa4TAzmaKapl1DPCG+SkRcThZGhqQUQKWJteWgAFUTGJjl3KR4RqXODzzOHrmsTDRbzWwaN80pwVbl8uChXb/NsC+AInIAzEIBrUAX3oAbqAIE+eAGv4M15dz6dL+d7Nrri5DuHYK6cn18mQazi</latexit>

y1

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>

m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>

m2

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="3c/pC8iKSFm1i08GRfoblCjDyfE=">AAACSXicbVDLTsMwEHRaHqW8WjhysaiQOFUJ4nWs4MKxlehDaqPKcZzWqu1EtlMRRf0CrvBVfAGfwQ1xwmlzIC0rWRrN7Hp3xosYVdq2P61SeWt7Z7eyV90/ODw6rtVPeiqMJSZdHLJQDjykCKOCdDXVjAwiSRD3GOl7s8dM78+JVDQUzzqJiMvRRNCAYqQN1fHGtYbdtJcFN4GTgwbIqz2uW1cjP8QxJ0JjhpQaOnak3RRJTTEji+ooViRCeIYmZGigQJwoN11euoAXhvFhEErzhIZL9u9EirhSCfdMJ0d6qta1jPxXi6aJolgV1qe+yrYUORlyJETM1w7Vwb2bUhHFmgi8ujOIGdQhzFKDPpUEa5YYgLCkxirEUyQR1ibbwk/+nEYqN/2ycl2tmpSd9Uw3Qe+q6dw2bzrXjdZDnncFnIFzcAkccAda4Am0QRdgQMAreAPv1of1ZX1bP6vWkpXPnIJClcq/PjuzpQ==</latexit>

b

<latexit sha1_base64="NJyzgIkcCsbuO00/oZ9tGPR0asE=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FMDXo6rdbtpL8vaBE4O6iCvzrhmXI38EMUMc4UolHLo2JFyUygUQRQvzFEscQTRDE7wUEMOGZZuurx1YV1oxreCUOjHlbVk/06kkEmZME93Mqimcl3LyH+1aJpIgmRhferLbEuREyGDnMds7VAV3Lop4VGsMEerO4OYWiq0stwsnwiMFE00gEgQbdVCUyggUjrdwk/+nEQyN/2ycm2aOmVnPdNN0LtqOq1m6/G63r7L866AM3AOGsABN6ANHkAHdAECE/AK3sC78WF8Gd/Gz6q1ZOQzp6BQpfIvIWm0Cg==</latexit>

(a)
<latexit sha1_base64="s5MCC2q+tEzpJvPm3w15wC+uGrs=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FPDuxxX63bTXpa1CZwc1EFenXHNuBr5IYoZ5gpRKOXQsSPlplAogihemKNY4giiGZzgoYYcMizddHnrwrrQjG8FodCPK2vJ/p1IIZMyYZ7uZFBN5bqWkf9q0TSRBMnC+tSX2ZYiJ0IGOY/Z2qEquHVTwqNYYY5WdwYxtVRoZblZPhEYKZpoAJEg2qqFplBApHS6hZ/8OYlkbvpl5do0dcrOeqaboHfVdFrN1uN1vX2X510BZ+AcNIADbkAbPIAO6AIEJuAVvIF348P4Mr6Nn1VrychnTkGhSuVfI0+0Cw==</latexit>

(b)

<latexit sha1_base64="yK3uLRp6tr6J8HWUZMxOEZhV8FU=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVQ96hXLfsWflbcKghyUQV61Xsk57cYCJQxzgyjUuhP40oQZVIYgiiduN9FYQjSCA9yxkEOGdZjNlE68c8vEXl8o+7jxZuzfjQwyrVMW2UkGzVAv96bkvz05TDVBeuH7TAkGOU/YkijTvwszwmViMEdzTf2EekZ404S8mCiMDE0tgEgRa8tDQ6ggMjbHhUvxmEidG3yeO3Rdm2iwnN8qaF5WgpvKdf2qXL3Psy2AE3AGLkAAbkEVPIIaaAAEMHgBr+DNeXc+nS/nez665uQ7x2ChnJ9fqxesJw==</latexit>

b

<latexit sha1_base64="24VSQatRqbBHrlApYuh9F5SyCG8=">AAACQXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG3dWsA9oh5LJZNrQJDMmmWIZ+h1u9Vv8Cj/Bnbh1Y6adhW09EDic+8i5x48ZVdpxPmBhZXVtfaO4aW1t7+zulcr7TRUlEpMGjlgk2z5ShFFBGppqRtqxJIj7jLT84W1Wb42IVDQSj3ocE4+jvqAhxUgbyetypAcYsfR+0qO9UsWpOlPYy8TNSQXkqPfK8KgbRDjhRGjMkFId14m1lyKpKWZkYnUTRWKEh6hPOoYKxIny0qnriX1ilMAOI2me0PZU/TuRIq7UmPumM3OpFmuZ+G8tHowVxWru+1RGHAmR8AVTOrz2UiriRBOBZ57ChNk6srO07IBKgjUbG4KwpOYsGw+QRFibTOc2BSMaq/zA59mFlmUSdRfzWybNs6p7Wb14OK/UbvJsi+AQHINT4IIrUAN3oA4aAIMn8AJewRt8h5/wC37PWgswnzkAc4A/v2pFsYI=</latexit>Oi

<latexit sha1_base64="taei2L03pOncqPhUzR39SCwxkE8="></latexit>

e�
�H
2

<latexit sha1_base64="mAquQBotOzmEulhqgn+SqqT5Dsg="></latexit>

tr
�
e��HOi

�

<latexit sha1_base64="NJyzgIkcCsbuO00/oZ9tGPR0asE=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FMDXo6rdbtpL8vaBE4O6iCvzrhmXI38EMUMc4UolHLo2JFyUygUQRQvzFEscQTRDE7wUEMOGZZuurx1YV1oxreCUOjHlbVk/06kkEmZME93Mqimcl3LyH+1aJpIgmRhferLbEuREyGDnMds7VAV3Lop4VGsMEerO4OYWiq0stwsnwiMFE00gEgQbdVCUyggUjrdwk/+nEQyN/2ycm2aOmVnPdNN0LtqOq1m6/G63r7L866AM3AOGsABN6ANHkAHdAECE/AK3sC78WF8Gd/Gz6q1ZOQzp6BQpfIvIWm0Cg==</latexit>

(a)
<latexit sha1_base64="s5MCC2q+tEzpJvPm3w15wC+uGrs=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FPDuxxX63bTXpa1CZwc1EFenXHNuBr5IYoZ5gpRKOXQsSPlplAogihemKNY4giiGZzgoYYcMizddHnrwrrQjG8FodCPK2vJ/p1IIZMyYZ7uZFBN5bqWkf9q0TSRBMnC+tSX2ZYiJ0IGOY/Z2qEquHVTwqNYYY5WdwYxtVRoZblZPhEYKZpoAJEg2qqFplBApHS6hZ/8OYlkbvpl5do0dcrOeqaboHfVdFrN1uN1vX2X510BZ+AcNIADbkAbPIAO6AIEJuAVvIF348P4Mr6Nn1VrychnTkGhSuVfI0+0Cw==</latexit>

(b)

<latexit sha1_base64="fBd4PzB1RNUCgZq/a08MuegR+u0="></latexit>| �,ii =
<latexit sha1_base64="U6v+LsXbhyLD1hQM4pnRNQsxqy0=">AAACVXicbVDLSsNAFJ3EWmt8tNWlm2ARXJWk+FoW3bizgn1AG8pkMmmHzkzizKQYQr/DrX6V+DGCkzYL23pg4HDuvXPPPX5MiVSO822YO6Xd8l5l3zo4PDqu1uonPRklAuEuimgkBj6UmBKOu4ooigexwJD5FPf92UNe78+xkCTiLyqNscfghJOQIKi05I0YVFMEafa0GJNxreE0nSXsbeIWpAEKdMZ1ozUKIpQwzBWiUMqh68TKy6BQBFG8sEaJxDFEMzjBQ005ZFh62dL1wr7QSmCHkdCPK3up/p3IIJMyZb7uzF3KzVou/luLp6kkSK6tzwKZb1nXRMQg5wnbMKrCOy8jPE4U5mjlM0yorSI7T9AOiMBI0VQTiATRp9poCgVESue89lMwJ7Esjn5bXW1ZOmV3M9Nt0ms13Zvm9fNVo31f5F0BZ+AcXAIX3II2eAQd0AUIvIJ38AE+jS/jxyyZ5VWraRQzp2ANZvUXHFu3Ag==</latexit>Oi

<latexit sha1_base64="MGVVB7Le+TqhbxpQ+XFWq45HwD0=">AAACVXicbVDLTsMwEHRCgRIebeHIJaJC4lQlFa9jBRduFIk+pDaqHMdpTW0n2E5FFfU7uMJXIT4GCafNgbSMZGk0u+udHT+mRCrH+TbMrdL2zm55z9o/ODyqVGvHXRklAuEOimgk+j6UmBKOO4ooivuxwJD5FPf86X1W782wkCTiz2oeY4/BMSchQVBpyRsyqCYI0vRxMXoZVetOw1nC3iRuTuogR3tUM5rDIEIJw1whCqUcuE6svBQKRRDFC2uYSBxDNIVjPNCUQ4ally5dL+xzrQR2GAn9uLKX6t+JFDIp58zXnZlLuV7LxH9r8WQuCZKF9Wkgsy1FTUQMcp6wNaMqvPVSwuNEYY5WPsOE2iqyswTtgAiMFJ1rApEg+lQbTaCASOmcCz8FMxLL/Oi31dWWpVN21zPdJN1mw71uXD1d1lt3ed5lcArOwAVwwQ1ogQfQBh2AwCt4Bx/g0/gyfsySubNqNY185gQUYFZ+AR5AtwM=</latexit>Oj

<latexit sha1_base64="Mdzn6sxux0bH4klNXH9gYSYIImQ="></latexit>��� �̃,j

E
=

<latexit sha1_base64="/7vzTuAUClZd1SDtM7g6YnwI+2w="></latexit>D
 �,i

��� �̃,j

E
/ �ij

<latexit sha1_base64="AJuhsfClcUyk9EOIu+r8NLFao/k="></latexit>

M�,i;�̃,j ⌘
D
 �,i

��� �̃,j

E

<latexit sha1_base64="NJyzgIkcCsbuO00/oZ9tGPR0asE=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FMDXo6rdbtpL8vaBE4O6iCvzrhmXI38EMUMc4UolHLo2JFyUygUQRQvzFEscQTRDE7wUEMOGZZuurx1YV1oxreCUOjHlbVk/06kkEmZME93Mqimcl3LyH+1aJpIgmRhferLbEuREyGDnMds7VAV3Lop4VGsMEerO4OYWiq0stwsnwiMFE00gEgQbdVCUyggUjrdwk/+nEQyN/2ycm2aOmVnPdNN0LtqOq1m6/G63r7L866AM3AOGsABN6ANHkAHdAECE/AK3sC78WF8Gd/Gz6q1ZOQzp6BQpfIvIWm0Cg==</latexit>

(a)
<latexit sha1_base64="s5MCC2q+tEzpJvPm3w15wC+uGrs=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FPDuxxX63bTXpa1CZwc1EFenXHNuBr5IYoZ5gpRKOXQsSPlplAogihemKNY4giiGZzgoYYcMizddHnrwrrQjG8FodCPK2vJ/p1IIZMyYZ7uZFBN5bqWkf9q0TSRBMnC+tSX2ZYiJ0IGOY/Z2qEquHVTwqNYYY5WdwYxtVRoZblZPhEYKZpoAJEg2qqFplBApHS6hZ/8OYlkbvpl5do0dcrOeqaboHfVdFrN1uN1vX2X510BZ+AcNIADbkAbPIAO6AIEJuAVvIF348P4Mr6Nn1VrychnTkGhSuVfI0+0Cw==</latexit>

(b)

, |ψβ̃,j⟩ =<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="/cIh/XwAIIH/IDXFKxEnEXVQj5E=">AAACQXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG3dWsA9oh5LJZNrQJDMmmWIZ+h1u9Vv8Cj/Bnbh1Y6adhW09EDic+8i5x48ZVdpxPmBhZXVtfaO4aW1t7+zulcr7TRUlEpMGjlgk2z5ShFFBGppqRtqxJIj7jLT84W1Wb42IVDQSj3ocE4+jvqAhxUgbyetypAcYsfR+0nN7pYpTdaawl4mbkwrIUe+V4VE3iHDCidCYIaU6rhNrL0VSU8zIxOomisQID1GfdAwViBPlpVPXE/vEKIEdRtI8oe2p+nciRVypMfdNZ+ZSLdYy8d9aPBgritXc96mMOBIi4QumdHjtpVTEiSYCzzyFCbN1ZGdp2QGVBGs2NgRhSc1ZNh4gibA2mc5tCkY0VvmBz7MLLcsk6i7mt0yaZ1X3snrxcF6p3eTZFsEhOAanwAVXoAbuQB00AAZP4AW8gjf4Dj/hF/yetRZgPnMA5gB/fgEEjbFK</latexit>O1

<latexit sha1_base64="DFd9yLYSuEipU0ekRyYTyrwpdPY=">AAACQXicbVDLTgIxFO3gC8cX6NLETCQmrsgM8bUkunEnJgImMCGdToGGtlPbDnEy4Tvc6rf4FX6CO+PWjR2YhYAnaXJy7qPnnkBQorTrfliFldW19Y3ipr21vbO7Vyrvt1QUS4SbKKKRfAygwpRw3NREU/woJIYsoLgdjG6yenuMpSIRf9CJwD6DA076BEFtJL/LoB4iSNO7Sa/WK1XcqjuFs0y8nFRAjkavbB11wwjFDHONKFSq47lC+ymUmiCKJ3Y3VlhANIID3DGUQ4aVn05dT5wTo4ROP5Lmce1M1b8TKWRKJSwwnZlLtVjLxH9rYpgogtTc96mMGOQ8ZgumdP/KTwkXscYczTz1Y+royMnSckIiMdI0MQQiScxZDhpCCZE2mc5tCsdEqPzA59mFtm0S9RbzWyatWtW7qJ7fn1Xq13m2RXAIjsEp8MAlqINb0ABNgMATeAGv4M16tz6tL+t71lqw8pkDMAfr5xcGXrFL</latexit>O2

<latexit sha1_base64="9UAzgxcXLrV41vzlfS8Bfhd5S4k=">AAACQXicbVDLSgMxFE3qq46vVpeCDBbBjWVGfC2LblxWsA9oh5LJZNrQJDMmmWIZ+h1u9Vv8Cj/Bnbh1YzqdhW29kHA4997knOPHjCrtOB+wsLK6tr5R3LS2tnd290rl/aaKEolJA0cskm0fKcKoIA1NNSPtWBLEfUZa/vBu2m+NiFQ0Eo96HBOPo76gIcVIG8rr+kSjs+zuub1Sxak6WdnLwM1BBeRV75XhUTeIcMKJ0JghpTquE2svRVJTzMjE6iaKxAgPUZ90DBSIE+WlmeqJfWKYwA4jaY7Qdsb+3UgRV2rMfTPJkR6oxd6U/LcXD8aKYjX3fSojjoRI+IIoHd54KRVxoonAM01hwmwd2dO07IBKgjUbG4CwpMaWjQdIIqxNpnMvBSMaq9zg88yhZZlE3cX8lkHzvOpeVS8fLiq12zzbIjgEx+AUuOAa1MA9qIMGwOAJvIBX8Abf4Sf8gt+z0QLMdw7AXMGfX1OqsOo=</latexit>

� � �1
<latexit sha1_base64="mBBWnoZSJxvEIwpNX44OIr//A7g="></latexit>

m1 � ⇡C

�
� m2

<latexit sha1_base64="Fg2mLeqHmY2QKO8evKkuA29xZ8I=">AAACPHicbVDLSsNAFJ3UV42vVpeCBIvgqiTia1l047KCfUBbymQybYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeccP+ZMg+t+WIW19Y3NreK2vbO7t39QKh82dZQoQhsk4pFq+1hTziRtAANO27GiWPictvzR/bTfGlOlWSSfII1pT+ChZANGMBiq3YWQAu57/VLFrbqzclaBl4MKyqveL1sn3SAiiaASCMdadzw3hl6GFTDC6cTuJprGmIzwkHYMlFhQ3ctmgifOmWECZxAp8yQ4M/bvRoaF1qnwzaTAEOrl3pT8txeHqWZEL3yfqUhgKROxJAoGt72MyTgBKslc0yDhDkTONCgnYIoS4KkBmChmbDkkxAoTMHEuXArGLNa5wee5Q9s2iXrL+a2C5kXVu65ePV5Wand5tkV0jE7ROfLQDaqhB1RHDUQQRy/oFb1Z79an9WV9z0cLVr5zhBbK+vkFf+evDQ==</latexit>

✓1<latexit sha1_base64="OOY5nEd8dT6bV2sDBcS+wwLrvVg=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclaT4WhbduKxgH9CGMplOmqEzkzBzUyyhP+FWv8X/cO9O3Lp22mZhWy8MHM59zDknSDjT4Lof1tr6xubWdmHH3t3bPzgslo6aOk4VoQ0S81i1A6wpZ5I2gAGn7URRLAJOW8HwftpvjajSLJZPME6oL/BAspARDIZqdyGigHvVXrHsVtxZOavAy0EZ5VXvlazTbj8mqaASCMdadzw3AT/DChjhdGJ3U00TTIZ4QDsGSiyo9rOZ4Ilzbpi+E8bKPAnOjP27kWGh9VgEZlJgiPRyb0r+20uisWZEL3yfqVhgKVOxJArCWz9jMkmBSjLXFKbcgdiZBuX0maIE+NgATBQzthwSYYUJmDgXLvVHLNG5wee5Q9s2iXrL+a2CZrXiXVeuHi/Ltbs82wI6QWfoAnnoBtXQA6qjBiKIoxf0it6sd+vT+rK+56NrVr5zjBbK+vkFgbivDg==</latexit>

✓2

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>m1

<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>m2

<latexit sha1_base64="V3QTkZ98SWezLMn0HCM7cEjM2AM=">AAACN3icbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmVF+4B2KJlM2obmRZIpDkM/wa1+i5/iyp249Q9M21nY1guBw7mPnHMiSYk2vv/hrKyurW9sFrbc7Z3dvf1i6aChRaIQriNBhWpFUGNKOK4bYihuSYUhiyhuRsO7Sb85wkoTwZ9MKnHIYJ+THkHQWOox7QbdYtmv+NPylkGQgzLIq9YtOcedWKCEYW4QhVq3A1+aMIPKEETx2O0kGkuIhrCP2xZyyLAOs6nWsXdqmdjrCWUfN96U/buRQaZ1yiI7yaAZ6MXehPy3JwepJkjPfZ8pwSDnCVsQZXo3YUa4TAzmaKapl1DPCG+SkRcThZGhqQUQKWJteWgAFUTGJjl3KR4RqXODzzOHrmsTDRbzWwaN80pwVbl8uChXb/NsC+AInIAzEIBrUAX3oAbqAIE+eAGv4M15dz6dL+d7Nrri5DuHYK6cn18mQazi</latexit>y1
<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2

<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="Fg2mLeqHmY2QKO8evKkuA29xZ8I=">AAACPHicbVDLSsNAFJ3UV42vVpeCBIvgqiTia1l047KCfUBbymQybYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeccP+ZMg+t+WIW19Y3NreK2vbO7t39QKh82dZQoQhsk4pFq+1hTziRtAANO27GiWPictvzR/bTfGlOlWSSfII1pT+ChZANGMBiq3YWQAu57/VLFrbqzclaBl4MKyqveL1sn3SAiiaASCMdadzw3hl6GFTDC6cTuJprGmIzwkHYMlFhQ3ctmgifOmWECZxAp8yQ4M/bvRoaF1qnwzaTAEOrl3pT8txeHqWZEL3yfqUhgKROxJAoGt72MyTgBKslc0yDhDkTONCgnYIoS4KkBmChmbDkkxAoTMHEuXArGLNa5wee5Q9s2iXrL+a2C5kXVu65ePV5Wand5tkV0jE7ROfLQDaqhB1RHDUQQRy/oFb1Z79an9WV9z0cLVr5zhBbK+vkFf+evDQ==</latexit>

✓1
<latexit sha1_base64="OOY5nEd8dT6bV2sDBcS+wwLrvVg=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclaT4WhbduKxgH9CGMplOmqEzkzBzUyyhP+FWv8X/cO9O3Lp22mZhWy8MHM59zDknSDjT4Lof1tr6xubWdmHH3t3bPzgslo6aOk4VoQ0S81i1A6wpZ5I2gAGn7URRLAJOW8HwftpvjajSLJZPME6oL/BAspARDIZqdyGigHvVXrHsVtxZOavAy0EZ5VXvlazTbj8mqaASCMdadzw3AT/DChjhdGJ3U00TTIZ4QDsGSiyo9rOZ4Ilzbpi+E8bKPAnOjP27kWGh9VgEZlJgiPRyb0r+20uisWZEL3yfqVhgKVOxJArCWz9jMkmBSjLXFKbcgdiZBuX0maIE+NgATBQzthwSYYUJmDgXLvVHLNG5wee5Q9s2iXrL+a2CZrXiXVeuHi/Ltbs82wI6QWfoAnnoBtXQA6qjBiKIoxf0it6sd+vT+rK+56NrVr5zjBbK+vkFgbivDg==</latexit>

✓2

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>m2

<latexit sha1_base64="V3QTkZ98SWezLMn0HCM7cEjM2AM=">AAACN3icbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmVF+4B2KJlM2obmRZIpDkM/wa1+i5/iyp249Q9M21nY1guBw7mPnHMiSYk2vv/hrKyurW9sFrbc7Z3dvf1i6aChRaIQriNBhWpFUGNKOK4bYihuSYUhiyhuRsO7Sb85wkoTwZ9MKnHIYJ+THkHQWOox7QbdYtmv+NPylkGQgzLIq9YtOcedWKCEYW4QhVq3A1+aMIPKEETx2O0kGkuIhrCP2xZyyLAOs6nWsXdqmdjrCWUfN96U/buRQaZ1yiI7yaAZ6MXehPy3JwepJkjPfZ8pwSDnCVsQZXo3YUa4TAzmaKapl1DPCG+SkRcThZGhqQUQKWJteWgAFUTGJjl3KR4RqXODzzOHrmsTDRbzWwaN80pwVbl8uChXb/NsC+AInIAzEIBrUAX3oAbqAIE+eAGv4M15dz6dL+d7Nrri5DuHYK6cn18mQazi</latexit>y1

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3

<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>m2

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3

<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3

<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="Fg2mLeqHmY2QKO8evKkuA29xZ8I=">AAACPHicbVDLSsNAFJ3UV42vVpeCBIvgqiTia1l047KCfUBbymQybYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeccP+ZMg+t+WIW19Y3NreK2vbO7t39QKh82dZQoQhsk4pFq+1hTziRtAANO27GiWPictvzR/bTfGlOlWSSfII1pT+ChZANGMBiq3YWQAu57/VLFrbqzclaBl4MKyqveL1sn3SAiiaASCMdadzw3hl6GFTDC6cTuJprGmIzwkHYMlFhQ3ctmgifOmWECZxAp8yQ4M/bvRoaF1qnwzaTAEOrl3pT8txeHqWZEL3yfqUhgKROxJAoGt72MyTgBKslc0yDhDkTONCgnYIoS4KkBmChmbDkkxAoTMHEuXArGLNa5wee5Q9s2iXrL+a2C5kXVu65ePV5Wand5tkV0jE7ROfLQDaqhB1RHDUQQRy/oFb1Z79an9WV9z0cLVr5zhBbK+vkFf+evDQ==</latexit>

✓1
<latexit sha1_base64="OOY5nEd8dT6bV2sDBcS+wwLrvVg=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclaT4WhbduKxgH9CGMplOmqEzkzBzUyyhP+FWv8X/cO9O3Lp22mZhWy8MHM59zDknSDjT4Lof1tr6xubWdmHH3t3bPzgslo6aOk4VoQ0S81i1A6wpZ5I2gAGn7URRLAJOW8HwftpvjajSLJZPME6oL/BAspARDIZqdyGigHvVXrHsVtxZOavAy0EZ5VXvlazTbj8mqaASCMdadzw3AT/DChjhdGJ3U00TTIZ4QDsGSiyo9rOZ4Ilzbpi+E8bKPAnOjP27kWGh9VgEZlJgiPRyb0r+20uisWZEL3yfqVhgKVOxJArCWz9jMkmBSjLXFKbcgdiZBuX0maIE+NgATBQzthwSYYUJmDgXLvVHLNG5wee5Q9s2iXrL+a2CZrXiXVeuHi/Ltbs82wI6QWfoAnnoBtXQA6qjBiKIoxf0it6sd+vT+rK+56NrVr5zjBbK+vkFgbivDg==</latexit>

✓2

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>

m1

<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>

m2

<latexit sha1_base64="V3QTkZ98SWezLMn0HCM7cEjM2AM=">AAACN3icbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmVF+4B2KJlM2obmRZIpDkM/wa1+i5/iyp249Q9M21nY1guBw7mPnHMiSYk2vv/hrKyurW9sFrbc7Z3dvf1i6aChRaIQriNBhWpFUGNKOK4bYihuSYUhiyhuRsO7Sb85wkoTwZ9MKnHIYJ+THkHQWOox7QbdYtmv+NPylkGQgzLIq9YtOcedWKCEYW4QhVq3A1+aMIPKEETx2O0kGkuIhrCP2xZyyLAOs6nWsXdqmdjrCWUfN96U/buRQaZ1yiI7yaAZ6MXehPy3JwepJkjPfZ8pwSDnCVsQZXo3YUa4TAzmaKapl1DPCG+SkRcThZGhqQUQKWJteWgAFUTGJjl3KR4RqXODzzOHrmsTDRbzWwaN80pwVbl8uChXb/NsC+AInIAzEIBrUAX3oAbqAIE+eAGv4M15dz6dL+d7Nrri5DuHYK6cn18mQazi</latexit>

y1
<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="Fg2mLeqHmY2QKO8evKkuA29xZ8I=">AAACPHicbVDLSsNAFJ3UV42vVpeCBIvgqiTia1l047KCfUBbymQybYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeccP+ZMg+t+WIW19Y3NreK2vbO7t39QKh82dZQoQhsk4pFq+1hTziRtAANO27GiWPictvzR/bTfGlOlWSSfII1pT+ChZANGMBiq3YWQAu57/VLFrbqzclaBl4MKyqveL1sn3SAiiaASCMdadzw3hl6GFTDC6cTuJprGmIzwkHYMlFhQ3ctmgifOmWECZxAp8yQ4M/bvRoaF1qnwzaTAEOrl3pT8txeHqWZEL3yfqUhgKROxJAoGt72MyTgBKslc0yDhDkTONCgnYIoS4KkBmChmbDkkxAoTMHEuXArGLNa5wee5Q9s2iXrL+a2C5kXVu65ePV5Wand5tkV0jE7ROfLQDaqhB1RHDUQQRy/oFb1Z79an9WV9z0cLVr5zhBbK+vkFf+evDQ==</latexit>

✓1
<latexit sha1_base64="OOY5nEd8dT6bV2sDBcS+wwLrvVg=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclaT4WhbduKxgH9CGMplOmqEzkzBzUyyhP+FWv8X/cO9O3Lp22mZhWy8MHM59zDknSDjT4Lof1tr6xubWdmHH3t3bPzgslo6aOk4VoQ0S81i1A6wpZ5I2gAGn7URRLAJOW8HwftpvjajSLJZPME6oL/BAspARDIZqdyGigHvVXrHsVtxZOavAy0EZ5VXvlazTbj8mqaASCMdadzw3AT/DChjhdGJ3U00TTIZ4QDsGSiyo9rOZ4Ilzbpi+E8bKPAnOjP27kWGh9VgEZlJgiPRyb0r+20uisWZEL3yfqVhgKVOxJArCWz9jMkmBSjLXFKbcgdiZBuX0maIE+NgATBQzthwSYYUJmDgXLvVHLNG5wee5Q9s2iXrL+a2CZrXiXVeuHi/Ltbs82wI6QWfoAnnoBtXQA6qjBiKIoxf0it6sd+vT+rK+56NrVr5zjBbK+vkFgbivDg==</latexit>

✓2

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>

m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>

m2

<latexit sha1_base64="V3QTkZ98SWezLMn0HCM7cEjM2AM=">AAACN3icbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmVF+4B2KJlM2obmRZIpDkM/wa1+i5/iyp249Q9M21nY1guBw7mPnHMiSYk2vv/hrKyurW9sFrbc7Z3dvf1i6aChRaIQriNBhWpFUGNKOK4bYihuSYUhiyhuRsO7Sb85wkoTwZ9MKnHIYJ+THkHQWOox7QbdYtmv+NPylkGQgzLIq9YtOcedWKCEYW4QhVq3A1+aMIPKEETx2O0kGkuIhrCP2xZyyLAOs6nWsXdqmdjrCWUfN96U/buRQaZ1yiI7yaAZ6MXehPy3JwepJkjPfZ8pwSDnCVsQZXo3YUa4TAzmaKapl1DPCG+SkRcThZGhqQUQKWJteWgAFUTGJjl3KR4RqXODzzOHrmsTDRbzWwaN80pwVbl8uChXb/NsC+AInIAzEIBrUAX3oAbqAIE+eAGv4M15dz6dL+d7Nrri5DuHYK6cn18mQazi</latexit>

y1

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>

m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>

m2

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="3c/pC8iKSFm1i08GRfoblCjDyfE=">AAACSXicbVDLTsMwEHRaHqW8WjhysaiQOFUJ4nWs4MKxlehDaqPKcZzWqu1EtlMRRf0CrvBVfAGfwQ1xwmlzIC0rWRrN7Hp3xosYVdq2P61SeWt7Z7eyV90/ODw6rtVPeiqMJSZdHLJQDjykCKOCdDXVjAwiSRD3GOl7s8dM78+JVDQUzzqJiMvRRNCAYqQN1fHGtYbdtJcFN4GTgwbIqz2uW1cjP8QxJ0JjhpQaOnak3RRJTTEji+ooViRCeIYmZGigQJwoN11euoAXhvFhEErzhIZL9u9EirhSCfdMJ0d6qta1jPxXi6aJolgV1qe+yrYUORlyJETM1w7Vwb2bUhHFmgi8ujOIGdQhzFKDPpUEa5YYgLCkxirEUyQR1ibbwk/+nEYqN/2ycl2tmpSd9Uw3Qe+q6dw2bzrXjdZDnncFnIFzcAkccAda4Am0QRdgQMAreAPv1of1ZX1bP6vWkpXPnIJClcq/PjuzpQ==</latexit>

b

<latexit sha1_base64="NJyzgIkcCsbuO00/oZ9tGPR0asE=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FMDXo6rdbtpL8vaBE4O6iCvzrhmXI38EMUMc4UolHLo2JFyUygUQRQvzFEscQTRDE7wUEMOGZZuurx1YV1oxreCUOjHlbVk/06kkEmZME93Mqimcl3LyH+1aJpIgmRhferLbEuREyGDnMds7VAV3Lop4VGsMEerO4OYWiq0stwsnwiMFE00gEgQbdVCUyggUjrdwk/+nEQyN/2ycm2aOmVnPdNN0LtqOq1m6/G63r7L866AM3AOGsABN6ANHkAHdAECE/AK3sC78WF8Gd/Gz6q1ZOQzp6BQpfIvIWm0Cg==</latexit>

(a)
<latexit sha1_base64="s5MCC2q+tEzpJvPm3w15wC+uGrs=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FPDuxxX63bTXpa1CZwc1EFenXHNuBr5IYoZ5gpRKOXQsSPlplAogihemKNY4giiGZzgoYYcMizddHnrwrrQjG8FodCPK2vJ/p1IIZMyYZ7uZFBN5bqWkf9q0TSRBMnC+tSX2ZYiJ0IGOY/Z2qEquHVTwqNYYY5WdwYxtVRoZblZPhEYKZpoAJEg2qqFplBApHS6hZ/8OYlkbvpl5do0dcrOeqaboHfVdFrN1uN1vX2X510BZ+AcNIADbkAbPIAO6AIEJuAVvIF348P4Mr6Nn1VrychnTkGhSuVfI0+0Cw==</latexit>

(b)

<latexit sha1_base64="yK3uLRp6tr6J8HWUZMxOEZhV8FU=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVQ96hXLfsWflbcKghyUQV61Xsk57cYCJQxzgyjUuhP40oQZVIYgiiduN9FYQjSCA9yxkEOGdZjNlE68c8vEXl8o+7jxZuzfjQwyrVMW2UkGzVAv96bkvz05TDVBeuH7TAkGOU/YkijTvwszwmViMEdzTf2EekZ404S8mCiMDE0tgEgRa8tDQ6ggMjbHhUvxmEidG3yeO3Rdm2iwnN8qaF5WgpvKdf2qXL3Psy2AE3AGLkAAbkEVPIIaaAAEMHgBr+DNeXc+nS/nez665uQ7x2ChnJ9fqxesJw==</latexit>

b

<latexit sha1_base64="24VSQatRqbBHrlApYuh9F5SyCG8=">AAACQXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG3dWsA9oh5LJZNrQJDMmmWIZ+h1u9Vv8Cj/Bnbh1Y6adhW09EDic+8i5x48ZVdpxPmBhZXVtfaO4aW1t7+zulcr7TRUlEpMGjlgk2z5ShFFBGppqRtqxJIj7jLT84W1Wb42IVDQSj3ocE4+jvqAhxUgbyetypAcYsfR+0qO9UsWpOlPYy8TNSQXkqPfK8KgbRDjhRGjMkFId14m1lyKpKWZkYnUTRWKEh6hPOoYKxIny0qnriX1ilMAOI2me0PZU/TuRIq7UmPumM3OpFmuZ+G8tHowVxWru+1RGHAmR8AVTOrz2UiriRBOBZ57ChNk6srO07IBKgjUbG4KwpOYsGw+QRFibTOc2BSMaq/zA59mFlmUSdRfzWybNs6p7Wb14OK/UbvJsi+AQHINT4IIrUAN3oA4aAIMn8AJewRt8h5/wC37PWgswnzkAc4A/v2pFsYI=</latexit>Oi

<latexit sha1_base64="taei2L03pOncqPhUzR39SCwxkE8="></latexit>

e�
�H
2

<latexit sha1_base64="mAquQBotOzmEulhqgn+SqqT5Dsg="></latexit>

tr
�
e��HOi

�

<latexit sha1_base64="NJyzgIkcCsbuO00/oZ9tGPR0asE=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FMDXo6rdbtpL8vaBE4O6iCvzrhmXI38EMUMc4UolHLo2JFyUygUQRQvzFEscQTRDE7wUEMOGZZuurx1YV1oxreCUOjHlbVk/06kkEmZME93Mqimcl3LyH+1aJpIgmRhferLbEuREyGDnMds7VAV3Lop4VGsMEerO4OYWiq0stwsnwiMFE00gEgQbdVCUyggUjrdwk/+nEQyN/2ycm2aOmVnPdNN0LtqOq1m6/G63r7L866AM3AOGsABN6ANHkAHdAECE/AK3sC78WF8Gd/Gz6q1ZOQzp6BQpfIvIWm0Cg==</latexit>

(a)
<latexit sha1_base64="s5MCC2q+tEzpJvPm3w15wC+uGrs=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FPDuxxX63bTXpa1CZwc1EFenXHNuBr5IYoZ5gpRKOXQsSPlplAogihemKNY4giiGZzgoYYcMizddHnrwrrQjG8FodCPK2vJ/p1IIZMyYZ7uZFBN5bqWkf9q0TSRBMnC+tSX2ZYiJ0IGOY/Z2qEquHVTwqNYYY5WdwYxtVRoZblZPhEYKZpoAJEg2qqFplBApHS6hZ/8OYlkbvpl5do0dcrOeqaboHfVdFrN1uN1vX2X510BZ+AcNIADbkAbPIAO6AIEJuAVvIF348P4Mr6Nn1VrychnTkGhSuVfI0+0Cw==</latexit>

(b)

<latexit sha1_base64="fBd4PzB1RNUCgZq/a08MuegR+u0="></latexit>| �,ii =
<latexit sha1_base64="U6v+LsXbhyLD1hQM4pnRNQsxqy0=">AAACVXicbVDLSsNAFJ3EWmt8tNWlm2ARXJWk+FoW3bizgn1AG8pkMmmHzkzizKQYQr/DrX6V+DGCkzYL23pg4HDuvXPPPX5MiVSO822YO6Xd8l5l3zo4PDqu1uonPRklAuEuimgkBj6UmBKOu4ooigexwJD5FPf92UNe78+xkCTiLyqNscfghJOQIKi05I0YVFMEafa0GJNxreE0nSXsbeIWpAEKdMZ1ozUKIpQwzBWiUMqh68TKy6BQBFG8sEaJxDFEMzjBQ005ZFh62dL1wr7QSmCHkdCPK3up/p3IIJMyZb7uzF3KzVou/luLp6kkSK6tzwKZb1nXRMQg5wnbMKrCOy8jPE4U5mjlM0yorSI7T9AOiMBI0VQTiATRp9poCgVESue89lMwJ7Esjn5bXW1ZOmV3M9Nt0ms13Zvm9fNVo31f5F0BZ+AcXAIX3II2eAQd0AUIvIJ38AE+jS/jxyyZ5VWraRQzp2ANZvUXHFu3Ag==</latexit>Oi

<latexit sha1_base64="MGVVB7Le+TqhbxpQ+XFWq45HwD0=">AAACVXicbVDLTsMwEHRCgRIebeHIJaJC4lQlFa9jBRduFIk+pDaqHMdpTW0n2E5FFfU7uMJXIT4GCafNgbSMZGk0u+udHT+mRCrH+TbMrdL2zm55z9o/ODyqVGvHXRklAuEOimgk+j6UmBKOO4ooivuxwJD5FPf86X1W782wkCTiz2oeY4/BMSchQVBpyRsyqCYI0vRxMXoZVetOw1nC3iRuTuogR3tUM5rDIEIJw1whCqUcuE6svBQKRRDFC2uYSBxDNIVjPNCUQ4ally5dL+xzrQR2GAn9uLKX6t+JFDIp58zXnZlLuV7LxH9r8WQuCZKF9Wkgsy1FTUQMcp6wNaMqvPVSwuNEYY5WPsOE2iqyswTtgAiMFJ1rApEg+lQbTaCASOmcCz8FMxLL/Oi31dWWpVN21zPdJN1mw71uXD1d1lt3ed5lcArOwAVwwQ1ogQfQBh2AwCt4Bx/g0/gyfsySubNqNY185gQUYFZ+AR5AtwM=</latexit>Oj

<latexit sha1_base64="Mdzn6sxux0bH4klNXH9gYSYIImQ="></latexit>��� �̃,j

E
=

<latexit sha1_base64="/7vzTuAUClZd1SDtM7g6YnwI+2w="></latexit>D
 �,i

��� �̃,j

E
/ �ij

<latexit sha1_base64="AJuhsfClcUyk9EOIu+r8NLFao/k="></latexit>

M�,i;�̃,j ⌘
D
 �,i

��� �̃,j

E

<latexit sha1_base64="NJyzgIkcCsbuO00/oZ9tGPR0asE=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FMDXo6rdbtpL8vaBE4O6iCvzrhmXI38EMUMc4UolHLo2JFyUygUQRQvzFEscQTRDE7wUEMOGZZuurx1YV1oxreCUOjHlbVk/06kkEmZME93Mqimcl3LyH+1aJpIgmRhferLbEuREyGDnMds7VAV3Lop4VGsMEerO4OYWiq0stwsnwiMFE00gEgQbdVCUyggUjrdwk/+nEQyN/2ycm2aOmVnPdNN0LtqOq1m6/G63r7L866AM3AOGsABN6ANHkAHdAECE/AK3sC78WF8Gd/Gz6q1ZOQzp6BQpfIvIWm0Cg==</latexit>

(a)
<latexit sha1_base64="s5MCC2q+tEzpJvPm3w15wC+uGrs=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FPDuxxX63bTXpa1CZwc1EFenXHNuBr5IYoZ5gpRKOXQsSPlplAogihemKNY4giiGZzgoYYcMizddHnrwrrQjG8FodCPK2vJ/p1IIZMyYZ7uZFBN5bqWkf9q0TSRBMnC+tSX2ZYiJ0IGOY/Z2qEquHVTwqNYYY5WdwYxtVRoZblZPhEYKZpoAJEg2qqFplBApHS6hZ/8OYlkbvpl5do0dcrOeqaboHfVdFrN1uN1vX2X510BZ+AcNIADbkAbPIAO6AIEJuAVvIF348P4Mr6Nn1VrychnTkGhSuVfI0+0Cw==</latexit>

(b)

, ⟨ψβ,i|ψβ̃,j⟩ ∝ δij . (1.1)

These states clearly appear orthogonal. If we consider the inner product matrix defined by Mij =

⟨i|j⟩ then it appears we can make its rank as large as we want. Namely, we can construct semi-classical

states with incredibly varied physics. We will see this is no longer true when non-perturbative effects

are included.

Non-perturbative physics. In section 3 we consider a topological toy model that mimics the key

features of JT coupled to matter fields (1.1). This model is motivated by the topological model studied

by Marolf and Maxfield in [20]. The model is defined by defining states to live on circles with an

insertion carrying a flavor index i = 1, ..., k. Observables specified by some set of boundary conditions

3



are evaluated by summing over all bulk manifolds M and over all pairwise contractions of matching

flavor indices on M:

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="XeVtjOuIdaTpXiW83wohFh2/rPg=">AAACSHicbVDLTgIxFO3gC/EFuDQxE4mJKzJjfC2JblxiIo+EIaRTLtDQdmrbIZAJv+JWv8U/8C/cGXcWmIWAN2lycu6j55xQMqqN5306mY3Nre2d7G5ub//g8ChfKNZ1FCsCNRKxSDVDrIFRATVDDYOmVIB5yKARDh9m/cYIlKaReDYTCW2O+4L2KMHGUp18MRiCSQKpaYdOA3iJ6aiTL3llb17uOvBTUEJpVTsF5zToRiTmIAxhWOuW70nTTrAylDCY5oJYg8RkiPvQslBgDrqdzMVP3XPLdN1epOwTxp2zfzcSzLWe8NBOcmwGerU3I//tycFEU6KXvk9UxLEQMV8RZXp37YQKGRsQZKGpFzPXRO4sNLdLFRDDJhZgoqi15ZIBVpgYG+3Spe6ISp0aHC8c5nI2UX81v3VQvyz7N+Xrp6tS5T7NNotO0Bm6QD66RRX0iKqohggao1f0ht6dD+fL+XZ+FqMZJ905RkuVyfwC7BOzLw==</latexit>| ii ⌘

<latexit sha1_base64="gb1nBCgGbG7tlpoYEuhSroSi1O8="></latexit>

tr
�
e��HOi

�
tr
�
e��HOj

�

<latexit sha1_base64="RPxkvkYo2RhyHkXNtkMKTRHqmKs="></latexit>

tr
�
e��HOi

�

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="4xWkY8WXDyujcWaMeVmB5JPuNeY="></latexit>

Mij ⌘ h i| ji ⌘

<latexit sha1_base64="WcmwS4Yv5j9M5AaDENp8r5v7q0s=">AAACUXicbVDLTsJAFL2tLwQfoEs3jcTEFWmJryXRjUtM5KHQkOl0gIkz0zozJZKGr3CrX+XKT3HnAF1Y8CaTnJxz79x7ThAzqrTrflv2xubW9k5ht1ja2z84LFeO2ipKJCYtHLFIdgOkCKOCtDTVjHRjSRAPGOkEL3dzvTMhUtFIPOppTHyORoIOKUbaUE/PA9onrwmdDMpVt+YuylkHXgaqkFVzULHq/TDCCSdCY4aU6nlurP0USU0xI7NiP1EkRvgFjUjPQIE4UX66uHjmnBkmdIaRNE9oZ8H+nUgRV2rKA9PJkR6rVW1O/qvF46miWOXWp6Gab8lzMuJIiISvHKqHN35KRZxoIvDyzmHCHB058/SckEqCNZsagLCkxqqDx0girE3GuZ/CCY1VZvpt6bpYNCl7q5mug3a95l3VLh8uqo3bLO8CnMApnIMH19CAe2hCCzBweIcP+LS+rB8bbHvZalvZzDHkyi79AmbNtT0=</latexit>

Zi ⌘

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="9lOZI8frFfv3t9aZTVPxz+/goY4="></latexit>

Tr
�
e��HLiouvillee�µil

�

, ⟨ψi|ψj⟩ =

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="6ypOZLhBRyh/BIiA5+iEpSqCFzQ="></latexit>

h i| ji = �ij + O(e�2S0)
<latexit sha1_base64="AXwA3DJi+E/EEEzDQZCJvM0rVzQ=">AAACO3icbVC7TsMwFHXKq4RXCyMSsqiQmKoE8RorWBiLRB9SG1WO47SmthNspyKK+hGs8C18CDMbYmXHbTPQlitZOjr34XOOHzOqtON8WIWV1bX1jeKmvbW9s7tXKu83VZRITBo4YpFs+0gRRgVpaKoZaceSIO4z0vKHt5N+a0SkopF40GlMPI76goYUI22oFu0K8gQfe6WKU3WmBZeBm4MKyKveK1tH3SDCCSdCY4aU6rhOrL0MSU0xI2O7mygSIzxEfdIxUCBOlJdN9Y7hiWECGEbSPKHhlP27kSGuVMp9M8mRHqjF3oT8txcPUkWxmvs+kxFHQiR8QZQOr72MijjRROCZpjBhUEdwkhMMqCRYs9QAhCU1tiAeIImwNmnOXQpGNFa5weeZQ9s2ibqL+S2D5lnVvaxe3J9Xajd5tkVwCI7BKXDBFaiBO1AHDYDBELyAV/BmvVuf1pf1PRstWPnOAZgr6+cXjdKulA==</latexit>

i 6= j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="pMD9z4W7rIPwcNm4q84n7zqtsck="></latexit>

| h i| ji |2 = 1 + O(e�2S0)

<latexit sha1_base64="mOQlI8YCWMCuhsri0W70MnN7Dl0=">AAACQXicbVDLSgMxFM3UVx1frS4FGSyCqzIjvjZC0Y3LCvYBnaFkMpk2NMnEJFMsQ7/DrX6LX+EnuBO3bkzbWdjWC4HDuY+cc0JBidKu+2EVVlbX1jeKm/bW9s7uXqm831RJKhFuoIQmsh1ChSnhuKGJprgtJIYspLgVDu4m/dYQS0US/qhHAgcM9jiJCYLaUIE/wDrzhSJdMr7plipu1Z2Wswy8HFRAXvVu2TryowSlDHONKFSq47lCBxmUmiCKx7afKiwgGsAe7hjIIcMqyKaqx86JYSInTqR5XDtT9u9GBplSIxaaSQZ1Xy32JuS/PdEfKYLU3PeZTBjkPGULonR8HWSEi1Rjjmaa4pQ6OnEmaTkRkRhpOjIAIkmMLQf1oYRIm0znLkVDIlRu8Hnm0LZNot5ifsugeVb1LqsXD+eV2m2ebREcgmNwCjxwBWrgHtRBAyDwBF7AK3iz3q1P68v6no0WrHznAMyV9fMLaxmxgg==</latexit>| ii =
<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="AXwA3DJi+E/EEEzDQZCJvM0rVzQ=">AAACO3icbVC7TsMwFHXKq4RXCyMSsqiQmKoE8RorWBiLRB9SG1WO47SmthNspyKK+hGs8C18CDMbYmXHbTPQlitZOjr34XOOHzOqtON8WIWV1bX1jeKmvbW9s7tXKu83VZRITBo4YpFs+0gRRgVpaKoZaceSIO4z0vKHt5N+a0SkopF40GlMPI76goYUI22oFu0K8gQfe6WKU3WmBZeBm4MKyKveK1tH3SDCCSdCY4aU6rhOrL0MSU0xI2O7mygSIzxEfdIxUCBOlJdN9Y7hiWECGEbSPKHhlP27kSGuVMp9M8mRHqjF3oT8txcPUkWxmvs+kxFHQiR8QZQOr72MijjRROCZpjBhUEdwkhMMqCRYs9QAhCU1tiAeIImwNmnOXQpGNFa5weeZQ9s2ibqL+S2D5lnVvaxe3J9Xajd5tkVwCI7BKXDBFaiBO1AHDYDBELyAV/BmvVuf1pf1PRstWPnOAZgr6+cXjdKulA==</latexit>

i 6= j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="HyuMN9mXNIF94Vqp/mCtnvEiCaw="></latexit>

| h i| ji |2 = eS0
�
1 + O(e�2S0)

�

<latexit sha1_base64="cg25Jmh5iLv4TJ+cNUlJl1f9kMM="></latexit>

⇠ e�S0 h i| ii h j | ji

<latexit sha1_base64="ZL6pe6L3drjMh3LnLxSysy/c+lo="></latexit>

h i| ji = �ije
S0
�
1 + Oe�2S0

�

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="5ZwIUqNSpyKjSWHssvIfOuIsHVo=">AAACQHicbVDLSgMxFM3UVx1frS4FCRahbsqM741QdONGqGAf0NaSSdM2NMmEJFMsQ3/DrX6Lf+EfuBO3rkzbWdjWC4HDuY+ccwLJqDae9+GklpZXVtfS6+7G5tb2Tia7W9FhpDAp45CFqhYgTRgVpGyoYaQmFUE8YKQa9G/H/eqAKE1D8WiGkjQ56graoRgZSzXyDaPg/fHTKbyGrUzOK3iTgovAT0AOJFVqZZ2DRjvEESfCYIa0rvueNM0YKUMxIyO3EWkiEe6jLqlbKBAnuhlPRI/gkWXasBMq+4SBE/bvRoy41kMe2EmOTE/P98bkvz3ZG2qK9cz3sQo5EiLic6JM56oZUyEjQwSeaupEDJoQjsOCbaoINmxoAcKKWlsQ95BC2NhIZy61B1TqxODz1KHr2kT9+fwWQeWk4F8Uzh/OcsWbJNs02AeHIA98cAmK4A6UQBlgIMELeAVvzrvz6Xw539PRlJPs7IGZcn5+ATJyr0E=</latexit>

(tr M)3 =

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="72xg9Hvi2T/FyLBueJ6Ii/7Mqr8=">AAACPnicbVDLSgMxFM34rPXV6lKQYBFclRnfG6Hoxo1QwT6wHUsmk2lDk8yQZIrD0L9wq9/ib/gD7sStS9N2Frb1QuBw7iPnHC9iVGnb/rAWFpeWV1Zza/n1jc2t7UJxp67CWGJSwyELZdNDijAqSE1TzUgzkgRxj5GG178Z9RsDIhUNxYNOIuJy1BU0oBhpQz22tYR3TyfwCnYKJbtsjwvOAycDJZBVtVO09tt+iGNOhMYMKdVy7Ei7KZKaYkaG+XasSIRwH3VJy0CBOFFuOpY8hIeG8WEQSvOEhmP270aKuFIJ98wkR7qnZnsj8t9e1EsUxWrq+1SGHAkR8xlROrh0UyqiWBOBJ5qCmEEdwlFU0KeSYM0SAxCW1NiCuIckwtoEOnXJH9BIZQafJw7zeZOoM5vfPKgfl53z8tn9aalynWWbA3vgABwBB1yACrgFVVADGAjwAl7Bm/VufVpf1vdkdMHKdnbBVFk/v1CGrtw=</latexit>

tr M3 =

<latexit sha1_base64="mOQlI8YCWMCuhsri0W70MnN7Dl0=">AAACQXicbVDLSgMxFM3UVx1frS4FGSyCqzIjvjZC0Y3LCvYBnaFkMpk2NMnEJFMsQ7/DrX6LX+EnuBO3bkzbWdjWC4HDuY+cc0JBidKu+2EVVlbX1jeKm/bW9s7uXqm831RJKhFuoIQmsh1ChSnhuKGJprgtJIYspLgVDu4m/dYQS0US/qhHAgcM9jiJCYLaUIE/wDrzhSJdMr7plipu1Z2Wswy8HFRAXvVu2TryowSlDHONKFSq47lCBxmUmiCKx7afKiwgGsAe7hjIIcMqyKaqx86JYSInTqR5XDtT9u9GBplSIxaaSQZ1Xy32JuS/PdEfKYLU3PeZTBjkPGULonR8HWSEi1Rjjmaa4pQ6OnEmaTkRkRhpOjIAIkmMLQf1oYRIm0znLkVDIlRu8Hnm0LZNot5ifsugeVb1LqsXD+eV2m2ebREcgmNwCjxwBWrgHtRBAyDwBF7AK3iz3q1P68v6no0WrHznAMyV9fMLaxmxgg==</latexit>| ii =
<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="F01QENT1rUuys5QkhKeP404mQKo="></latexit>h i| ji =
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tr M3 =

+ . . . , I(M) = −S0χ+ Imatter . (1.2)

The action weighs bulk manifolds by the Euler Characteristic χ, and Imatter enforces that all matter

flavors i must pairwise contract, otherwise the manifold M does not contribute. For example, in the

above picture we have ⟨ψi|ψj⟩ = δij +O(e−2S0). Thus, the inner product matrix Mij = ⟨ψi|ψj⟩ appears
to have a large rank due to the large number of seemingly orthogonal states. However, when including

the effect of spacetime wormholes, we will show the following:

• Non-perturbative wormhole effects dramatically modify the above inner product. The dimension

of the closed universe Hilbert space is reduced to one.

• The topological model computes an ensemble average over distinct theories (α-sectors). We study

the probability distribution for the ensemble.

In each α-sector, the matrix M has rank one with a single eigenvalue given by trM . We elaborate on

this argument shortly. trM should be thought of as a random variable with distribution over different

α-sectors. We will find that in this model it is the product of two independent random variables:

trM = Z

(
k∑

i=1

A2
i

)
. (1.3)

The first factor, Z, is the dimension of the Hilbert space of two-sided wormholes in each α-sector and

obeys Poisson statistics. As a boundary Hilbert space dimension, the eigenvalues of Z are discrete

and equally spaced. The second factor,
∑k

i=1A
2
i , comes from pairing up flavor indices and obeys the

chi-squared distribution. It can be thought of as the square of the matter thermal one-point function

⟨Oi⟩2 in a fixed member of the ensemble. The number Ai ∈ R takes continuous values.1

More generally, the matrix elements of M take the form

Mij = Z (AiAj) , (1.4)

as an equality between random variables.

Non-perturbative Hilbert space. We give the general argument that the dimension of the Hilbert

space of quantum gravity on compact Cauchy surfaces is one dimensional. This argument was given

1 The variables Ai are drawn from a gaussian distribution, with zero mean and variance one.
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in [21] in the context of dS and we summarize and generalize it here. The argument relies on defining

the inner product between states through the gravitational path integral [22], and is insensitive to the

details of the theory of interest and even the dimensionality of the spacetime.2 The key ingredient is

that the states live on slices without boundaries.

The starting point is to define states on compact Cauchy slices. Since we will be general, we will

take states |i⟩, |j⟩ to be labelled by generic boundary conditions on the slice.3 The inner product will

be defined by

⟨i|j⟩ =
∫

Dg e−I[g] , . (1.5)

In the above we sum over all manifolds M with boundaries given by Cauchy slices with boundary

conditions i, j, and over all Euclidean metrics g.4 To confirm that states are orthogonal we should

calculate higher moments to check that the variance is small [21, 23]. Doing this for the inner product

between seemingly orthogonal states ⟨i|j⟩ = δij , we find

|⟨i|j⟩|2 = ⟨i|i⟩⟨j|j⟩+ . . . , (1.6)

Since the states live on slices without boundaries, bulk manifolds can cross connect different bras and

kets, and give large corrections to inner products. The above fact implies that the dimension of the

Hilbert space is greatly reduced. More precisely, consider the Gram matrix Mij = ⟨i|j⟩ built from a set

of states |i⟩ with i = 1, . . . , k. The number of non-perturbatively orthogonal states is given by

rank(M) = lim
n→0

Tr (Mn) . (1.7)

The right-hand side needs to be evaluated for all integer n using the gravity path integral, and then

analytically continued to take the limit. When Tr (Mn) is calculated it can immediately be seen that

Tr (Mn) = (TrM)n. This is true because the boundary conditions can be permuted without changing

the value of the path integral, see section 3. This immediately implies that limn→0Tr (M
n) = 1, and

we conclude

dim(Hclosed) = 1 . (1.8)

All states defined on compact Cauchy slices turn out to be equivalent non-perturbatively.

2 One caveat is that the gravity path integral is not as well defined in higher dimensions and with general theories. The
argument relies on formal manipulations of higher moments of inner products in higher dimensions, where higher moments
may not have convergent answers if taken literally. The conclusion regarding the Hilbert space dimension being one relies
on an analytic continuation of these divergent moments to a zeroth power.
3 For example, in 4d general relativity the boundary conditions label different three metrics, whereas in pure JT the
boundary conditions would label the size b of geodesic circles from section 2.
4 In principle the manifold could be multiple disjoint manifolds.
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Outline

This paper is organized as follows. In section 2 we study perturbative aspects of the theory of closed

universes in JT gravity plus matter. We obtain wave functionals on spatial slices and show that there is

rich semi-classical physics. In section 3 we include non-perturbative effects in a simple topological model

that mimics JT coupled to matter. We show that if we include the effects of spacetime wormholes, there

is only one closed universe state in each α-sector. We also obtain the distribution of the norm-squared

of this state and discuss its physical meaning. In section 4 we point out unanswered questions and

future directions.

The goal of this work is to study closed universes in the simplest setting where non-perturbative

effects can be included and are under complete control. The aim is to understand the framework for

describing physics in closed universes. We will find that various observables and calculations that are

well defined perturbatively seem to become ill-defined when non-perturbative effects are included. There

have been other inspiring works studying non-perturbative aspects of closed universes. In particular, [10]

and [24] contain a lot of comments which overlap with what we discuss.

2 Perturbative Aspects of JT closed universes

In this section we study the perturbative physics of a closed universe in JT gravity. We first consider the

case without matter as a warm-up, then we study the case with matter. We will see that by specifying

different asymptotic boundary conditions, we can construct a large number of orthogonal semi-classical

states that describe very different closed universes.

2.1 Closed universes in JT

We first consider Lorentzian JT gravity on the cylinder topology S1 × R. The Lorentzian action is

given by [25]5

I[g,Φ] =
1

2

∫
d2x

√−gΦ (R+ 2) , (2.1)

in terms of the dilaton Φ and metric g. The equations of motion are

R+ 2 = 0,
(
−∇µ∇ν + gµν∇2 − gµν

)
Φ = 0 . (2.2)

The classical solutions are given by

ds2 = −dt2 + b2 cos2(t)dσ2, Φ(t) = ϕc sin(t) , (2.3)

5 Throughout the paper we set 8πGN = 1.
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Figure 2: Classical solution for a closed universe. It begins at a big bang and re-collapses in a big

crunch. The green geodesic is the maximal slice of the universe.

with compact spatial coordinate σ ∼ σ+1 and time t ∈
(
−π

2 ,
π
2

)
. See figure 2. The space of solutions is

labelled by b > 0 and ϕc ∈ R. This geometry corresponds to a big bang/big crunch universe that comes

into existence at t = −π
2 from a conical singularity and expands before re-collapsing into a conical

singularity at t = π
2 . The universe reaches a maximal spatial size b at t = 0, which is the only closed

geodesic on the geometry. The dilaton functions as a clock, attaining maximal amplitude |ϕc| at the

big bang/crunch.

Canonical quantization. The classical theory is very simple due to the lack of asymptotic bound-

aries, and has no apparent interesting dynamics. Phase space is labelled by the maximal size of the

universe and the value of the dilaton (b, ϕc). The quantization of this system is straightforward to carry

out (see [26] for the case with boundaries) [27–29]. The symplectic form can be evaluated to find

ω = δϕc ∧ δb , (2.4)

so b and ϕc are conjugate variables. We can canonically quantize in the b basis obtaining a basis of delta

function normalized states |b⟩, with ⟨b′|b⟩ = 1
b δ(b−b′) being the natural inner product from the Euclidean

path integral. We can prepare natural wavefunctions for these closed universes by doing Euclidean path

integrals over, for example, a trumpet geometry ending on a geodesic of size b. Such wavefunctions are

dominated by small universes with b→ 0 and so do not appear particularly interesting.

Another approach to quantization is through the Wheeler-DeWitt wavefunctional. Leaving technical

details to appendix A.1, the WdW wavefunction for 2d dilaton gravity theories on spatial slices Σ = S1

was solved in [28,30,31]. The input is given by the value of the dilaton ϕ(σ) and the induced metric h

along the cauchy slice. There are two branches of solutions [31]

Ψ±
ϕ2
c
[ϕ(σ), h] = exp

(
±i
∫ 1

0
dσ

√
h

[
√
ϕ2c − ϕ2 + ϕ′2 − ϕ′ tanh−1

(√
ϕ2c − ϕ2

ϕ′2
+ 1

)])
, (2.5)

where there is a continuous family of solutions to the WdW equation labelled by a parameter ϕ2c which

turns out to be dilaton squared. Following Hartle-Hawking [22] the amplitude squared |Ψ±
ϕ2
c
[ϕ(σ), h]|2
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roughly tells us the likelihood to find a Cauchy slice with field configuration (ϕ(σ), h) in the state with

fixed ϕ2c . We restrict to the case of a constant dilaton profile ϕ0 on a slice of length L. We find that

to reproduce semiclassical expectations of the geometry we must carefully choose an iϵ prescription to

avoid the branch cut

Ψϕc [ϕ0, L] = exp

(
iϕcL

√
1− ϕ20

ϕ2c
+ iϵϕc

)
. (2.6)

Note that if we restrict to the geodesic slice where ϕ0 = 0, we recover eiϕcb, which is consistent with the

fact that b and ϕc are conjugate variables. To see that this wavefunction (2.6) reproduces semiclassical

expectations it is more intuitive to work in the |b⟩ basis. Since b is canonically conjugate to ϕc we

change basis to find

Ψb[ϕ0, L] =

∫

R<0
dϕce

−ibϕce−iL
√

ϕ2
c−ϕ2

0−iϵ +

∫

R>0
dϕce

−ibϕceiL
√

ϕ2
c−ϕ2

0+iϵ ,

≈




2 cos

(
ϕ0

√
b2 − L2

)
, L < b,

e−ϕ0

√
L2−b2 , L > b .

(2.7)

We see the result for the amplitude is quite reasonable. In an eigenstate |b⟩ the universe attains a

maximal size b and has slices of all smaller lengths L < b. The wavefunction oscillates in this regime,

signaling classically allowed behavior. In the classically forbidden regime L > b the wavefunction

exponentially decays.

2.2 Closed universes in JT with matter

We will now consider JT gravity coupled to matter. Pure JT is exactly solvable but lacks a number

of key features that give rise to a rich set of perturbative physics in closed universes. Primarily, by

including matter we can introduce a notion of an observer living in a closed universe. We will again

construct a large class of seemingly orthogonal semiclassical states.

The model we consider is JT gravity coupled to a massive particle.6 The Lorentzian action is given

by7

I[g,Φ] =
1

2

∫
d2x

√
gΦ (R+ 2)−m

∫
ds

√
gµνẊµẊν +

∫

bdy

√
hΦb(K − 1) , (2.8)

where Xµ(s) is the worldline of the massive particle with s an affine time along the worldline. The

6 For some discussions when we have massive scalar field, see appendix A.4 .
7 The boundary term vanishes and does not contribute on the Lorentzian cosmology. We include it for the Euclidean
discussion later.
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equations of motion are

R+ 2 = 0 ,
(
−∇µ∇ν + gµν∇2 − gµν

)
Φ(xµ) = m

∫
ds
ẊµẊν√
Ẋ2

δ(2) (Xµ(s)− xµ) , (2.9)

with the particle following a geodesic. The stress tensor of the particle implies a jump in the dilaton

nµ∂µΦ = m across the particle, where n is the normal vector to the particle. The classical solutions are

ds2 = −dt2 + b2 cos2(t)dσ2, Φ(t) =
m

2 sinh b
2

cos(t) cosh(bσ) + ϕc sin(t) , (2.10)

with the particle sitting for at σ = ±1
2 for all time which is identified under σ ∼ σ+1.8 The first term in

the dilaton has discontinuous derivative across the particle. Note that again the classical solutions are

characterized by two parameters, the size of the universe b and the dilaton value ϕc. The symplectic

form can again be evaluated and found to be ω = δϕc ∧ δb indicating that ϕc and b are conjugate

variables, just as in the case of pure JT. We can again quantize in the |b⟩ basis and obtain a set of

states of closed universes with a massive particle on the Cauchy slice.

2.2.1 Euclidean path integral construction

We would like to construct a large basis of closed universe states by using Euclidean path integral

techniques. Following [22] we can specify a closed universe state by specifying boundary conditions and

performing a path integral up to a compact slice. With the no-boundary proposal in [22], the wave

functional ΨNB[b] is obtained by integrating over all Euclidean geometries ending on a circle of size b

and no other boundaries.

In our context we will specify cosmological states by choosing a different set of boundary conditions.

We specify our boundary condition by the following quantity: tr
(
e−βHOi

)
, where H should be thought

of as the boundary Hamiltonian dual to JT + matter and Oi is a matter operator insertion [32]. This

maps to a Euclidean boundary condition given by a circular boundary of length β with an operator

insertion Oi. We will treat Euclidean wormholes between these boundaries as computing an inner

product between different cosmological states. We can then cut apart the Euclidean wormhole along a

geodesic slice b and analytically continue the geometry to get a closed universe.

In JT with matter the Euclidean wormhole that will be important for us is the double trumpet

geometry. The metric is given by

ds2 = dρ2 + b2 cosh2(ρ)dσ2 , (2.11)

where ρ ∈ (−∞,∞) and again σ ∼ σ + 1. The two asymptotic boundaries are at ρ → ±∞, and the

only closed geodesic is at ρ = 0. By analytically continuing along the time symmetric slice ρ → it we

8 With the particle present, we must explicitly restrict to σ ∈ [− 1
2
, 1
2
].
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obtain the closed universe cosmology (2.10) [10]. See Figure 3.
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Figure 3: Matter stabilized Euclidean wormhole (left), and the analytic continuation (right) to real

time. The wormhole geometry becomes a closed universe with a heavy massive particle (dashed blue),

with a maximal geodesic slice (green circle).

Comparison with black hole case. It is instructive to contrast our approach with the standard

way of constructing the thermofield double state (TFD). In preparing the TFD one specifies Euclidean

time evolution e−
βH
2 on the half circle. With this boundary condition we get a wave-functional on

spatial slices, and the leading saddle is eternal black hole with temperature 1
β , see figure 4(a).

For the closed universe the boundary condition is a full circle represented by tr
(
e−βHOi

)
. We

choose Oi such that its one-point function vanishes, which implies that the disk amplitude vanishes.

As a result we get a wave-functional on compact slices, with the leading saddle corresponding to closed

universe of size b, see figure 4(b). The double trumpet geometry computes the norm squared of this

state
[
tr
(
e−βHOi

)]2
.
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<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="Fg2mLeqHmY2QKO8evKkuA29xZ8I=">AAACPHicbVDLSsNAFJ3UV42vVpeCBIvgqiTia1l047KCfUBbymQybYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeccP+ZMg+t+WIW19Y3NreK2vbO7t39QKh82dZQoQhsk4pFq+1hTziRtAANO27GiWPictvzR/bTfGlOlWSSfII1pT+ChZANGMBiq3YWQAu57/VLFrbqzclaBl4MKyqveL1sn3SAiiaASCMdadzw3hl6GFTDC6cTuJprGmIzwkHYMlFhQ3ctmgifOmWECZxAp8yQ4M/bvRoaF1qnwzaTAEOrl3pT8txeHqWZEL3yfqUhgKROxJAoGt72MyTgBKslc0yDhDkTONCgnYIoS4KkBmChmbDkkxAoTMHEuXArGLNa5wee5Q9s2iXrL+a2C5kXVu65ePV5Wand5tkV0jE7ROfLQDaqhB1RHDUQQRy/oFb1Z79an9WV9z0cLVr5zhBbK+vkFf+evDQ==</latexit>

✓1
<latexit sha1_base64="OOY5nEd8dT6bV2sDBcS+wwLrvVg=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclaT4WhbduKxgH9CGMplOmqEzkzBzUyyhP+FWv8X/cO9O3Lp22mZhWy8MHM59zDknSDjT4Lof1tr6xubWdmHH3t3bPzgslo6aOk4VoQ0S81i1A6wpZ5I2gAGn7URRLAJOW8HwftpvjajSLJZPME6oL/BAspARDIZqdyGigHvVXrHsVtxZOavAy0EZ5VXvlazTbj8mqaASCMdadzw3AT/DChjhdGJ3U00TTIZ4QDsGSiyo9rOZ4Ilzbpi+E8bKPAnOjP27kWGh9VgEZlJgiPRyb0r+20uisWZEL3yfqVhgKVOxJArCWz9jMkmBSjLXFKbcgdiZBuX0maIE+NgATBQzthwSYYUJmDgXLvVHLNG5wee5Q9s2iXrL+a2CZrXiXVeuHi/Ltbs82wI6QWfoAnnoBtXQA6qjBiKIoxf0it6sd+vT+rK+56NrVr5zjBbK+vkFgbivDg==</latexit>

✓2

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>m2

<latexit sha1_base64="V3QTkZ98SWezLMn0HCM7cEjM2AM=">AAACN3icbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmVF+4B2KJlM2obmRZIpDkM/wa1+i5/iyp249Q9M21nY1guBw7mPnHMiSYk2vv/hrKyurW9sFrbc7Z3dvf1i6aChRaIQriNBhWpFUGNKOK4bYihuSYUhiyhuRsO7Sb85wkoTwZ9MKnHIYJ+THkHQWOox7QbdYtmv+NPylkGQgzLIq9YtOcedWKCEYW4QhVq3A1+aMIPKEETx2O0kGkuIhrCP2xZyyLAOs6nWsXdqmdjrCWUfN96U/buRQaZ1yiI7yaAZ6MXehPy3JwepJkjPfZ8pwSDnCVsQZXo3YUa4TAzmaKapl1DPCG+SkRcThZGhqQUQKWJteWgAFUTGJjl3KR4RqXODzzOHrmsTDRbzWwaN80pwVbl8uChXb/NsC+AInIAzEIBrUAX3oAbqAIE+eAGv4M15dz6dL+d7Nrri5DuHYK6cn18mQazi</latexit>y1

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3

<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>m2

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3

<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3

<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="Fg2mLeqHmY2QKO8evKkuA29xZ8I=">AAACPHicbVDLSsNAFJ3UV42vVpeCBIvgqiTia1l047KCfUBbymQybYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeccP+ZMg+t+WIW19Y3NreK2vbO7t39QKh82dZQoQhsk4pFq+1hTziRtAANO27GiWPictvzR/bTfGlOlWSSfII1pT+ChZANGMBiq3YWQAu57/VLFrbqzclaBl4MKyqveL1sn3SAiiaASCMdadzw3hl6GFTDC6cTuJprGmIzwkHYMlFhQ3ctmgifOmWECZxAp8yQ4M/bvRoaF1qnwzaTAEOrl3pT8txeHqWZEL3yfqUhgKROxJAoGt72MyTgBKslc0yDhDkTONCgnYIoS4KkBmChmbDkkxAoTMHEuXArGLNa5wee5Q9s2iXrL+a2C5kXVu65ePV5Wand5tkV0jE7ROfLQDaqhB1RHDUQQRy/oFb1Z79an9WV9z0cLVr5zhBbK+vkFf+evDQ==</latexit>

✓1
<latexit sha1_base64="OOY5nEd8dT6bV2sDBcS+wwLrvVg=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclaT4WhbduKxgH9CGMplOmqEzkzBzUyyhP+FWv8X/cO9O3Lp22mZhWy8MHM59zDknSDjT4Lof1tr6xubWdmHH3t3bPzgslo6aOk4VoQ0S81i1A6wpZ5I2gAGn7URRLAJOW8HwftpvjajSLJZPME6oL/BAspARDIZqdyGigHvVXrHsVtxZOavAy0EZ5VXvlazTbj8mqaASCMdadzw3AT/DChjhdGJ3U00TTIZ4QDsGSiyo9rOZ4Ilzbpi+E8bKPAnOjP27kWGh9VgEZlJgiPRyb0r+20uisWZEL3yfqVhgKVOxJArCWz9jMkmBSjLXFKbcgdiZBuX0maIE+NgATBQzthwSYYUJmDgXLvVHLNG5wee5Q9s2iXrL+a2CZrXiXVeuHi/Ltbs82wI6QWfoAnnoBtXQA6qjBiKIoxf0it6sd+vT+rK+56NrVr5zjBbK+vkFgbivDg==</latexit>

✓2

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>

m1

<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>

m2

<latexit sha1_base64="V3QTkZ98SWezLMn0HCM7cEjM2AM=">AAACN3icbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmVF+4B2KJlM2obmRZIpDkM/wa1+i5/iyp249Q9M21nY1guBw7mPnHMiSYk2vv/hrKyurW9sFrbc7Z3dvf1i6aChRaIQriNBhWpFUGNKOK4bYihuSYUhiyhuRsO7Sb85wkoTwZ9MKnHIYJ+THkHQWOox7QbdYtmv+NPylkGQgzLIq9YtOcedWKCEYW4QhVq3A1+aMIPKEETx2O0kGkuIhrCP2xZyyLAOs6nWsXdqmdjrCWUfN96U/buRQaZ1yiI7yaAZ6MXehPy3JwepJkjPfZ8pwSDnCVsQZXo3YUa4TAzmaKapl1DPCG+SkRcThZGhqQUQKWJteWgAFUTGJjl3KR4RqXODzzOHrmsTDRbzWwaN80pwVbl8uChXb/NsC+AInIAzEIBrUAX3oAbqAIE+eAGv4M15dz6dL+d7Nrri5DuHYK6cn18mQazi</latexit>

y1
<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="Fg2mLeqHmY2QKO8evKkuA29xZ8I=">AAACPHicbVDLSsNAFJ3UV42vVpeCBIvgqiTia1l047KCfUBbymQybYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeccP+ZMg+t+WIW19Y3NreK2vbO7t39QKh82dZQoQhsk4pFq+1hTziRtAANO27GiWPictvzR/bTfGlOlWSSfII1pT+ChZANGMBiq3YWQAu57/VLFrbqzclaBl4MKyqveL1sn3SAiiaASCMdadzw3hl6GFTDC6cTuJprGmIzwkHYMlFhQ3ctmgifOmWECZxAp8yQ4M/bvRoaF1qnwzaTAEOrl3pT8txeHqWZEL3yfqUhgKROxJAoGt72MyTgBKslc0yDhDkTONCgnYIoS4KkBmChmbDkkxAoTMHEuXArGLNa5wee5Q9s2iXrL+a2C5kXVu65ePV5Wand5tkV0jE7ROfLQDaqhB1RHDUQQRy/oFb1Z79an9WV9z0cLVr5zhBbK+vkFf+evDQ==</latexit>

✓1
<latexit sha1_base64="OOY5nEd8dT6bV2sDBcS+wwLrvVg=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclaT4WhbduKxgH9CGMplOmqEzkzBzUyyhP+FWv8X/cO9O3Lp22mZhWy8MHM59zDknSDjT4Lof1tr6xubWdmHH3t3bPzgslo6aOk4VoQ0S81i1A6wpZ5I2gAGn7URRLAJOW8HwftpvjajSLJZPME6oL/BAspARDIZqdyGigHvVXrHsVtxZOavAy0EZ5VXvlazTbj8mqaASCMdadzw3AT/DChjhdGJ3U00TTIZ4QDsGSiyo9rOZ4Ilzbpi+E8bKPAnOjP27kWGh9VgEZlJgiPRyb0r+20uisWZEL3yfqVhgKVOxJArCWz9jMkmBSjLXFKbcgdiZBuX0maIE+NgATBQzthwSYYUJmDgXLvVHLNG5wee5Q9s2iXrL+a2CZrXiXVeuHi/Ltbs82wI6QWfoAnnoBtXQA6qjBiKIoxf0it6sd+vT+rK+56NrVr5zjBbK+vkFgbivDg==</latexit>

✓2

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>

m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>

m2

<latexit sha1_base64="V3QTkZ98SWezLMn0HCM7cEjM2AM=">AAACN3icbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmVF+4B2KJlM2obmRZIpDkM/wa1+i5/iyp249Q9M21nY1guBw7mPnHMiSYk2vv/hrKyurW9sFrbc7Z3dvf1i6aChRaIQriNBhWpFUGNKOK4bYihuSYUhiyhuRsO7Sb85wkoTwZ9MKnHIYJ+THkHQWOox7QbdYtmv+NPylkGQgzLIq9YtOcedWKCEYW4QhVq3A1+aMIPKEETx2O0kGkuIhrCP2xZyyLAOs6nWsXdqmdjrCWUfN96U/buRQaZ1yiI7yaAZ6MXehPy3JwepJkjPfZ8pwSDnCVsQZXo3YUa4TAzmaKapl1DPCG+SkRcThZGhqQUQKWJteWgAFUTGJjl3KR4RqXODzzOHrmsTDRbzWwaN80pwVbl8uChXb/NsC+AInIAzEIBrUAX3oAbqAIE+eAGv4M15dz6dL+d7Nrri5DuHYK6cn18mQazi</latexit>

y1

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>

m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>

m2

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="3c/pC8iKSFm1i08GRfoblCjDyfE=">AAACSXicbVDLTsMwEHRaHqW8WjhysaiQOFUJ4nWs4MKxlehDaqPKcZzWqu1EtlMRRf0CrvBVfAGfwQ1xwmlzIC0rWRrN7Hp3xosYVdq2P61SeWt7Z7eyV90/ODw6rtVPeiqMJSZdHLJQDjykCKOCdDXVjAwiSRD3GOl7s8dM78+JVDQUzzqJiMvRRNCAYqQN1fHGtYbdtJcFN4GTgwbIqz2uW1cjP8QxJ0JjhpQaOnak3RRJTTEji+ooViRCeIYmZGigQJwoN11euoAXhvFhEErzhIZL9u9EirhSCfdMJ0d6qta1jPxXi6aJolgV1qe+yrYUORlyJETM1w7Vwb2bUhHFmgi8ujOIGdQhzFKDPpUEa5YYgLCkxirEUyQR1ibbwk/+nEYqN/2ycl2tmpSd9Uw3Qe+q6dw2bzrXjdZDnncFnIFzcAkccAda4Am0QRdgQMAreAPv1of1ZX1bP6vWkpXPnIJClcq/PjuzpQ==</latexit>

b

<latexit sha1_base64="NJyzgIkcCsbuO00/oZ9tGPR0asE=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FMDXo6rdbtpL8vaBE4O6iCvzrhmXI38EMUMc4UolHLo2JFyUygUQRQvzFEscQTRDE7wUEMOGZZuurx1YV1oxreCUOjHlbVk/06kkEmZME93Mqimcl3LyH+1aJpIgmRhferLbEuREyGDnMds7VAV3Lop4VGsMEerO4OYWiq0stwsnwiMFE00gEgQbdVCUyggUjrdwk/+nEQyN/2ycm2aOmVnPdNN0LtqOq1m6/G63r7L866AM3AOGsABN6ANHkAHdAECE/AK3sC78WF8Gd/Gz6q1ZOQzp6BQpfIvIWm0Cg==</latexit>

(a)
<latexit sha1_base64="s5MCC2q+tEzpJvPm3w15wC+uGrs=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FPDuxxX63bTXpa1CZwc1EFenXHNuBr5IYoZ5gpRKOXQsSPlplAogihemKNY4giiGZzgoYYcMizddHnrwrrQjG8FodCPK2vJ/p1IIZMyYZ7uZFBN5bqWkf9q0TSRBMnC+tSX2ZYiJ0IGOY/Z2qEquHVTwqNYYY5WdwYxtVRoZblZPhEYKZpoAJEg2qqFplBApHS6hZ/8OYlkbvpl5do0dcrOeqaboHfVdFrN1uN1vX2X510BZ+AcNIADbkAbPIAO6AIEJuAVvIF348P4Mr6Nn1VrychnTkGhSuVfI0+0Cw==</latexit>

(b)

<latexit sha1_base64="yK3uLRp6tr6J8HWUZMxOEZhV8FU=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVQ96hXLfsWflbcKghyUQV61Xsk57cYCJQxzgyjUuhP40oQZVIYgiiduN9FYQjSCA9yxkEOGdZjNlE68c8vEXl8o+7jxZuzfjQwyrVMW2UkGzVAv96bkvz05TDVBeuH7TAkGOU/YkijTvwszwmViMEdzTf2EekZ404S8mCiMDE0tgEgRa8tDQ6ggMjbHhUvxmEidG3yeO3Rdm2iwnN8qaF5WgpvKdf2qXL3Psy2AE3AGLkAAbkEVPIIaaAAEMHgBr+DNeXc+nS/nez665uQ7x2ChnJ9fqxesJw==</latexit>

b

<latexit sha1_base64="24VSQatRqbBHrlApYuh9F5SyCG8=">AAACQXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG3dWsA9oh5LJZNrQJDMmmWIZ+h1u9Vv8Cj/Bnbh1Y6adhW09EDic+8i5x48ZVdpxPmBhZXVtfaO4aW1t7+zulcr7TRUlEpMGjlgk2z5ShFFBGppqRtqxJIj7jLT84W1Wb42IVDQSj3ocE4+jvqAhxUgbyetypAcYsfR+0qO9UsWpOlPYy8TNSQXkqPfK8KgbRDjhRGjMkFId14m1lyKpKWZkYnUTRWKEh6hPOoYKxIny0qnriX1ilMAOI2me0PZU/TuRIq7UmPumM3OpFmuZ+G8tHowVxWru+1RGHAmR8AVTOrz2UiriRBOBZ57ChNk6srO07IBKgjUbG4KwpOYsGw+QRFibTOc2BSMaq/zA59mFlmUSdRfzWybNs6p7Wb14OK/UbvJsi+AQHINT4IIrUAN3oA4aAIMn8AJewRt8h5/wC37PWgswnzkAc4A/v2pFsYI=</latexit>Oi

<latexit sha1_base64="taei2L03pOncqPhUzR39SCwxkE8="></latexit>

e�
�H
2

<latexit sha1_base64="mAquQBotOzmEulhqgn+SqqT5Dsg="></latexit>

tr
�
e��HOi

�

<latexit sha1_base64="NJyzgIkcCsbuO00/oZ9tGPR0asE=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FMDXo6rdbtpL8vaBE4 O6iCvzrhmXI38EMUMc4UolHLo2JFyUygUQRQvzFEscQTRDE7wUEMOGZZuurx1YV1oxreCUOjHlbVk/06kkEmZME93Mqimcl3LyH+1aJpIgmRhferLbEuREyGDnMds7VAV3Lop4VGsMEerO4OYWiq0stwsnwiMFE00gEgQbdVCUyggUjrdwk/+nEQyN/2ycm2aOmVnPdNN0LtqOq1m6/G63r7L866AM3AOGsABN6ANHkAHdAECE/AK3sC78WF8Gd/Gz6q1ZOQzp6BQpfIvIWm0Cg==</latexit>

(a)
<latexit sha1_base64="s5MCC2q+tEzpJvPm3w15wC+uGrs=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FPDuxxX63bTXpa1CZwc1EFenXHNuBr5IYoZ5gpRKOXQsSPlplAogihemKNY4giiGZzgoYYcMizddHnrwrrQjG8FodCPK2vJ/p1IIZMyYZ7uZFBN5bqWkf9q0TSRBMnC+tSX2ZYiJ0IGOY/Z2qEquHVTwqNYYY5WdwYxtVRoZblZPhEYKZpoAJEg2qqFplBApHS6hZ/8OYlkbvpl5do0dcrOeqaboHfVdFrN1uN1vX2X510BZ+AcNIADbkAbPIAO6AIEJuAVvIF348P4Mr6Nn1VrychnTkGhSuVfI0+0Cw==</latexit>

(b)

<latexit sha1_base64="fBd4PzB1RNUCgZq/a08MuegR+u0="></latexit>| �,ii =
<latexit sha1_base64="U6v+LsXbhyLD1hQM4pnRNQsxqy0=">AAACVXicbVDLSsNAFJ3EWmt8tNWlm2ARXJWk+FoW3bizgn1AG8pkMmmHzkzizKQYQr/DrX6V+DGCkzYL23pg4HDuvXPPPX5MiVSO822YO6Xd8l5l3zo4PDqu1uonPRklAuEuimgkBj6UmBKOu4ooigexwJD5FPf92UNe78+xkCTiLyqNscfghJOQIKi05I0YVFMEafa0GJNxreE0nSXsbeIWpAEKdMZ1ozUKIpQwzBWiUMqh68TKy6BQBFG8sEaJxDFEMzjBQ005ZFh62dL1wr7QSmCHkdCPK3up/p3IIJMyZb7uzF3KzVou/luLp6kkSK6tzwKZb1nXRMQg5wnbMKrCOy8jPE4U5mjlM0yorSI7T9AOiMBI0VQTiATRp9poCgVESue89lMwJ7Esjn5bXW1ZOmV3M9Nt0ms13Zvm9fNVo31f5F0BZ+AcXAIX3II2eAQd0AUIvIJ38AE+jS/jxyyZ5VWraRQzp2ANZvUXHFu3Ag==</latexit>Oi

<latexit sha1_base64="MGVVB7Le+TqhbxpQ+XFWq45HwD0=">AAACVXicbVDLTsMwEHRCgRIebeHIJaJC4lQlFa9jBRduFIk+pDaqHMdpTW0n2E5FFfU7uMJXIT4GCafNgbSMZGk0u+udHT+mRCrH+TbMrdL2zm55z9o/ODyqVGvHXRklAuEOimgk+j6UmBKOO4ooivuxwJD5FPf86X1W782wkCTiz2oeY4/BMSchQVBpyRsyqCYI0vRxMXoZVetOw1nC3iRuTuogR3tUM5rDIEIJw1whCqUcuE6svBQKRRDFC2uYSBxDNIVjPNCUQ4ally5dL+xzrQR2GAn9uLKX6t+JFDIp58zXnZlLuV7LxH9r8WQuCZKF9Wkgsy1FTUQMcp6wNaMqvPVSwuNEYY5WPsOE2iqyswTtgAiMFJ1rApEg+lQbTaCASOmcCz8FMxLL/Oi31dWWpVN21zPdJN1mw71uXD1d1lt3ed5lcArOwAVwwQ1ogQfQBh2AwCt4Bx/g0/gyfsySubNqNY185gQUYFZ+AR5AtwM=</latexit>Oj

<latexit sha1_base64="Mdzn6sxux0bH4klNXH9gYSYIImQ="></latexit>��� �̃,j

E
=

<latexit sha1_base64="iMhz/wa8sMP1TG7NzAB8aPS5A5U="></latexit>D
 �,i

��� �̃,j

E
= 0 if <latexit sha1_base64="NI6jVvNuR3SqMXwmCr3Qm9P+iv4=">AAACT3icbVDLTsMwEHTCqw2vFo5cLCokTlVS8TpWcOFYJPqQ2qhyHKc1tZ1gOxVV1I/gCl/FkS/hhnDbHEhhJUujmfXu7AQJo0q77qdlb2xube+Uys7u3v7BYaV61FFxKjFp45jFshcgRRgVpK2pZqSXSIJ4wEg3mNwt9O6USEVj8ahnCfE5GgkaUYy0obp0IMgzfBpWam7dXRb8C7wc1EBerWHVagzCGKecCI0ZUqrvuYn2MyQ1xYzMnUGqSILwBI1I30CBOFF+tvQ7h2eGCWEUS/OEhkv2948McaVmPDCdHOmxWtcW5L9aMp4pilVhfRaqxZYiJ2OOhEj5mlEd3fgZFUmqicArn1HKoI7hIjsYUkmwZjMDEJbUnArxGEmEtUm4MCmc0kTlR7+srnYck7K3nulf0GnUvav65cNFrXmb510CJ+AUnAMPXIMmuAct0AYYTMAreAPv1of1ZX3beatt5eAYFMou/wAsZLUT</latexit>

i 6= j

<latexit sha1_base64="AJuhsfClcUyk9EOIu+r8NLFao/k="></latexit>

M�,i;�̃,j ⌘
D
 �,i

��� �̃,j

E

<latexit sha1_base64="NJyzgIkcCsbuO00/oZ9tGPR0asE=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FMDXo6rdbtpL8vaBE4O6iCvzrhmXI38EMUMc4UolHLo2JFyUygUQRQvzFEscQTRDE7wUEMOGZZuurx1YV1oxreCUOjHlbVk/06kkEmZME93Mqimcl3LyH+1aJpIgmRhferLbEuREyGDnMds7VAV3Lop4VGsMEerO4OYWiq0stwsnwiMFE00gEgQbdVCUyggUjrdwk/+nEQyN/2ycm2aOmVnPdNN0LtqOq1m6/G63r7L866AM3AOGsABN6ANHkAHdAECE/AK3sC78WF8Gd/Gz6q1ZOQzp6BQpfIvIWm0Cg==</latexit>

(a)
<latexit sha1_base64="s5MCC2q+tEzpJvPm3w15wC+uGrs=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FPDuxxX63bTXpa1CZwc1EFenXHNuBr5IYoZ5gpRKOXQsSPlplAogihemKNY4giiGZzgoYYcMizddHnrwrrQjG8FodCPK2vJ/p1IIZMyYZ7uZFBN5bqWkf9q0TSRBMnC+tSX2ZYiJ0IGOY/Z2qEquHVTwqNYYY5WdwYxtVRoZblZPhEYKZpoAJEg2qqFplBApHS6hZ/8OYlkbvpl5do0dcrOeqaboHfVdFrN1uN1vX2X510BZ+AcNIADbkAbPIAO6AIEJuAVvIF348P4Mr6Nn1VrychnTkGhSuVfI0+0Cw==</latexit>

(b)

Figure 4: Boundary conditions preparing a black hole state and a closed universe state

Closed universe with one observer

The classical wormhole with a massive particle can be found by finding the saddlepoint for the quantity
(
Tr[e−βHOi]

)2
. This amounts to a geometry problem where we must cut out a double trumpet from the

hyperbolic disk with a worldline running through the center, which is a standard construction [33–35].
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In appendix A.2 we give details on constructing the solution. The final result is there is a classical

wormhole with geodesic throat size

b0 ≈ 2 log

(
mβ

πϕr

)
, (2.12)

In the above we have taken the limit of m ≫ ϕr

β ≫ 1 for a large wormhole. With matter, the dilaton

has an on-shell solution given by

ds2 = dρ2 + b20 cosh
2(ρ)dσ2 , Φ(ρ, σ) ≈ πϕr

β
cosh(ρ) cosh(b0σ) , (2.13)

where we have expanded the overall prefactor of the dilaton at large b0. Taking this solution and

analytically continuing ρ → it along the time symmetric slice we arrive at a large semiclassical closed

universe with a massive particle

ds2 = −dt2 + b20 cos
2(t)dσ2 , Φ(t, σ) ≈ πϕr

β
cos(t) cosh(b0σ) . (2.14)

We show the construction along with the analytic continuation in Figure 5.

<latexit sha1_base64="NJyzgIkcCsbuO00/oZ9tGPR0asE=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FMDXo6rdbtpL8vaBE4O6iCvzrhmXI38EMUMc4UolHLo2JFyUygUQRQvzFEscQTRDE7wUEMOGZZuurx1YV1oxreCUOjHlbVk/06kkEmZME93Mqimcl3LyH+1aJpIgmRhferLbEuREyGDnMds7VAV3Lop4VGsMEerO4OYWiq0stwsnwiMFE00gEgQbdVCUyggUjrdwk/+nEQyN/2ycm2aOmVnPdNN0LtqOq1m6/G63r7L866AM3AOGsABN6ANHkAHdAECE/AK3sC78WF8Gd/Gz6q1ZOQzp6BQpfIvIWm0Cg==</latexit>

(a)
<latexit sha1_base64="s5MCC2q+tEzpJvPm3w15wC+uGrs=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FPDuxxX63bTXpa1CZwc1EFenXHNuBr5IYoZ5gpRKOXQsSPlplAogihemKNY4giiGZzgoYYcMizddHnrwrrQjG8FodCPK2vJ/p1IIZMyYZ7uZFBN5bqWkf9q0TSRBMnC+tSX2ZYiJ0IGOY/Z2qEquHVTwqNYYY5WdwYxtVRoZblZPhEYKZpoAJEg2qqFplBApHS6hZ/8OYlkbvpl5do0dcrOeqaboHfVdFrN1uN1vX2X510BZ+AcNIADbkAbPIAO6AIEJuAVvIF348P4Mr6Nn1VrychnTkGhSuVfI0+0Cw==</latexit>

(b)
<latexit sha1_base64="7XjQ/Ni3Pc4Qp7IDOs8drGHUg7Q=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FMDXY6rdbtpL8vaBE4O6iCvzrhmXI38EMUMc4UolHLo2JFyUygUQRQvzFEscQTRDE7wUEMOGZZuurx1YV1oxreCUOjHlbVk/06kkEmZME93Mqimcl3LyH+1aJpIgmRhferLbEuREyGDnMds7VAV3Lop4VGsMEerO4OYWiq0stwsnwiMFE00gEgQbdVCUyggUjrdwk/+nEQyN/2ycm2aOmVnPdNN0LtqOq1m6/G63r7L866AM3AOGsABN6ANHkAHdAECE/AK3sC78WF8Gd/Gz6q1ZOQzp6BQpfIvJTW0DA==</latexit>

(c)

<latexit sha1_base64="Ft1pNA2PdeoD49BVY6v1XUpndkw=">AAACTXicbVDLSsNAFJ3UR2t8tbp0EyyCq5IUqS6LblxWMG2hDWUymbRDZyZhZlIMod/gVr/KtR/iTsRJm4VpvTBwOOfeufccP6ZEKtv+NCo7u3v71dqBeXh0fHJab5z1ZZQIhF0U0UgMfSgxJRy7iiiKh7HAkPkUD/z5Q64PFlhIEvFnlcbYY3DKSUgQVJpyxz5WcFJv2i17VdY2cArQBEX1Jg2jPQ4ilDDMFaJQypFjx8rLoFAEUbw0x4nEMURzOMUjDTlkWHrZ6tqldaWZwAojoR9X1or9O5FBJmXKfN3JoJrJTS0n/9XiWSoJkqX1WSDzLWVORAxynrCNQ1V452WEx4nCHK3vDBNqqcjKk7MCIjBSNNUAIkG0VQvNoIBI6XxLPwULEsvC9MvatWnqlJ3NTLdBv91yOq3O002ze1/kXQMX4BJcAwfcgi54BD3gAgQIeAVv4N34ML6Mb+Nn3VoxiplzUKpK9RfY3LVk</latexit>

�
<latexit sha1_base64="Ft1pNA2PdeoD49BVY6v1XUpndkw=">AAACTXicbVDLSsNAFJ3UR2t8tbp0EyyCq5IUqS6LblxWMG2hDWUymbRDZyZhZlIMod/gVr/KtR/iTsRJm4VpvTBwOOfeufccP6ZEKtv+NCo7u3v71dqBeXh0fHJab5z1ZZQIhF0U0UgMfSgxJRy7iiiKh7HAkPkUD/z5Q64PFlhIEvFnlcbYY3DKSUgQVJpyxz5WcFJv2i17VdY2cArQBEX1Jg2jPQ4ilDDMFaJQypFjx8rLoFAEUbw0x4nEMURzOMUjDTlkWHrZ6tqldaWZwAojoR9X1or9O5FBJmXKfN3JoJrJTS0n/9XiWSoJkqX1WSDzLWVORAxynrCNQ1V452WEx4nCHK3vDBNqqcjKk7MCIjBSNNUAIkG0VQvNoIBI6XxLPwULEsvC9MvatWnqlJ3NTLdBv91yOq3O002ze1/kXQMX4BJcAwfcgi54BD3gAgQIeAVv4N34ML6Mb+Nn3VoxiplzUKpK9RfY3LVk</latexit>

�

<latexit sha1_base64="z1o5GoAc+FIQubnyMKSZtEZBsJA=">AAACS3icbVDLTsMwEHQKhRJeLRy5WFRInKoEocKxggvHIuhDaqPKcZzWqu1EtlMRRf0ErvBVfADfwQ1xwGlzoC0rWRrN7Hp3xo8ZVdpxPq3S1nZ5Z7eyZ+8fHB4dV2snXRUlEpMOjlgk+z5ShFFBOppqRvqxJIj7jPT86X2u92ZEKhqJZ53GxONoLGhIMdKGevJHzqhadxrOouAmcAtQB0W1RzXrahhEOOFEaMyQUgPXibWXIakpZmRuDxNFYoSnaEwGBgrEifKyxa1zeGGYAIaRNE9ouGD/TmSIK5Vy33RypCdqXcvJf7V4kiqK1cr6LFD5llVORhwJkfC1Q3V462VUxIkmAi/vDBMGdQTz3GBAJcGapQYgLKmxCvEESYS1SXflp2BGY1WYflm6tm2Tsrue6SboXjXcZqP5eF1v3RV5V8AZOAeXwAU3oAUeQBt0AAZj8ArewLv1YX1Z39bPsrVkFTOnYKVK5V+ZNrRJ</latexit>

b0
<latexit sha1_base64="z1o5GoAc+FIQubnyMKSZtEZBsJA=">AAACS3icbVDLTsMwEHQKhRJeLRy5WFRInKoEocKxggvHIuhDaqPKcZzWqu1EtlMRRf0ErvBVfADfwQ1xwGlzoC0rWRrN7Hp3xo8ZVdpxPq3S1nZ5Z7eyZ+8fHB4dV2snXRUlEpMOjlgk+z5ShFFBOppqRvqxJIj7jPT86X2u92ZEKhqJZ53GxONoLGhIMdKGevJHzqhadxrOouAmcAtQB0W1RzXrahhEOOFEaMyQUgPXibWXIakpZmRuDxNFYoSnaEwGBgrEifKyxa1zeGGYAIaRNE9ouGD/TmSIK5Vy33RypCdqXcvJf7V4kiqK1cr6LFD5llVORhwJkfC1Q3V462VUxIkmAi/vDBMGdQTz3GBAJcGapQYgLKmxCvEESYS1SXflp2BGY1WYflm6tm2Tsrue6SboXjXcZqP5eF1v3RV5V8AZOAeXwAU3oAUeQBt0AAZj8ArewLv1YX1Z39bPsrVkFTOnYKVK5V+ZNrRJ</latexit>

b0
<latexit sha1_base64="z1o5GoAc+FIQubnyMKSZtEZBsJA=">AAACS3icbVDLTsMwEHQKhRJeLRy5WFRInKoEocKxggvHIuhDaqPKcZzWqu1EtlMRRf0ErvBVfADfwQ1xwGlzoC0rWRrN7Hp3xo8ZVdpxPq3S1nZ5Z7eyZ+8fHB4dV2snXRUlEpMOjlgk+z5ShFFBOppqRvqxJIj7jPT86X2u92ZEKhqJZ53GxONoLGhIMdKGevJHzqhadxrOouAmcAtQB0W1RzXrahhEOOFEaMyQUgPXibWXIakpZmRuDxNFYoSnaEwGBgrEifKyxa1zeGGYAIaRNE9ouGD/TmSIK5Vy33RypCdqXcvJf7V4kiqK1cr6LFD5llVORhwJkfC1Q3V462VUxIkmAi/vDBMGdQTz3GBAJcGapQYgLKmxCvEESYS1SXflp2BGY1WYflm6tm2Tsrue6SboXjXcZqP5eF1v3RV5V8AZOAeXwAU3oAUeQBt0AAZj8ArewLv1YX1Z39bPsrVkFTOnYKVK5V+ZNrRJ</latexit>

b0

Figure 5: The grey lines are lines of constant dilaton. (a) shows the double trumpet solution embedded

into the hyperbolic disk, with the blue line the massive particle. The green line is the geodesic throat

b0. The two blue lines are geodesics and are identified. (b) shows the analytic continuation of the

double trumpet into Lorentzian time ρ → it, where it becomes a closed universe. (c) shows the closed

universe solution embedded into a WDW patch.

Adding additional particles

We can also solve for the classical geometry perturbatively with additional particles. Assume that in

addition to the observer with mass m1, we also have a light particle with mass m2. We consider the

quantity
(
Tr[O1e

−β1HO2e
−β2H ]

)2
where β1 + β2 = β and assume m1 ≫ πϕr

β ≫ m2, The Euclidean

11



double trumpet geometry, along with the dilaton profile, can be solved using hyperbolic geometry and

charge conservation which we do in appendix A.3. The geometry can then be analytically continued to

obtain a closed universe with two matter excitations.

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>m2

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2 <latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>m2

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3

<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="8kVuVD7JWKOmjdR5Q7Yvco3tHKI=">AAACSXicbVDLTsMwEHRaHqW8WjhyiaiQOFUJQoVjBReOrUQfUhtVjuO0Vm3Hsp2KKOoXcIWv4gv4DG6IE06bA2lZydJoZte7M76gRGnH+bRK5Z3dvf3KQfXw6PjktFY/66solgj3UEQjOfShwpRw3NNEUzwUEkPmUzzw54+ZPlhgqUjEn3UisMfglJOQIKgN1fUntYbTdFZlbwM3Bw2QV2dSt27GQYRihrlGFCo1ch2hvRRKTRDFy+o4VlhANIdTPDKQQ4aVl64uXdpXhgnsMJLmcW2v2L8TKWRKJcw3nQzqmdrUMvJfTcwSRZAqrE8DlW0pcjJikPOYbRyqw3svJVzEGnO0vjOMqa0jO0vNDojESNPEAIgkMVZtNIMSIm2yLfwULIhQuemXtetq1aTsbma6Dfo3TbfVbHVvG+2HPO8KuACX4Bq44A60wRPogB5AAINX8AberQ/ry/q2ftatJSufOQeFKpV/AT6Ns6Y=</latexit>

b
<latexit sha1_base64="8kVuVD7JWKOmjdR5Q7Yvco3tHKI=">AAACSXicbVDLTsMwEHRaHqW8WjhyiaiQOFUJQoVjBReOrUQfUhtVjuO0Vm3Hsp2KKOoXcIWv4gv4DG6IE06bA2lZydJoZte7M76gRGnH+bRK5Z3dvf3KQfXw6PjktFY/66solgj3UEQjOfShwpRw3NNEUzwUEkPmUzzw54+ZPlhgqUjEn3UisMfglJOQIKgN1fUntYbTdFZlbwM3Bw2QV2dSt27GQYRihrlGFCo1ch2hvRRKTRDFy+o4VlhANIdTPDKQQ4aVl64uXdpXhgnsMJLmcW2v2L8TKWRKJcw3nQzqmdrUMvJfTcwSRZAqrE8DlW0pcjJikPOYbRyqw3svJVzEGnO0vjOMqa0jO0vNDojESNPEAIgkMVZtNIMSIm2yLfwULIhQuemXtetq1aTsbma6Dfo3TbfVbHVvG+2HPO8KuACX4Bq44A60wRPogB5AAINX8AberQ/ry/q2ftatJSufOQeFKpV/AT6Ns6Y=</latexit>

b

<latexit sha1_base64="NJyzgIkcCsbuO00/oZ9tGPR0asE=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FMDXo6rdbtpL8vaBE4O6iCvzrhmXI38EMUMc4UolHLo2JFyUygUQRQvzFEscQTRDE7wUEMOGZZuurx1YV1oxreCUOjHlbVk/06kkEmZME93Mqimcl3LyH+1aJpIgmRhferLbEuREyGDnMds7VAV3Lop4VGsMEerO4OYWiq0stwsnwiMFE00gEgQbdVCUyggUjrdwk/+nEQyN/2ycm2aOmVnPdNN0LtqOq1m6/G63r7L866AM3AOGsABN6ANHkAHdAECE/AK3sC78WF8Gd/Gz6q1ZOQzp6BQpfIvIWm0Cg==</latexit>

(a)
<latexit sha1_base64="s5MCC2q+tEzpJvPm3w15wC+uGrs=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FPDuxxX63bTXpa1CZwc1EFenXHNuBr5IYoZ5gpRKOXQsSPlplAogihemKNY4giiGZzgoYYcMizddHnrwrrQjG8FodCPK2vJ/p1IIZMyYZ7uZFBN5bqWkf9q0TSRBMnC+tSX2ZYiJ0IGOY/Z2qEquHVTwqNYYY5WdwYxtVRoZblZPhEYKZpoAJEg2qqFplBApHS6hZ/8OYlkbvpl5do0dcrOeqaboHfVdFrN1uN1vX2X510BZ+AcNIADbkAbPIAO6AIEJuAVvIF348P4Mr6Nn1VrychnTkGhSuVfI0+0Cw==</latexit>

(b)

Figure 6: (a) The euclidean double trumpet with two matter excitations. (b)Analytic continution of

(a) from time-reflection symmetric slice.

The geometry is denoted in Figure 6. The two red lines are identified and represents the light particle

m2. The blue line represents the heavy observer m1. The size of the closed universe b is given by

b = b0 +
m2β
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(2.15)

where b0 is the size of the universe with only the heavy observer (2.12). One feature of equation 2.15 is

that as we move the light particle relative to the heavy particle, with β fixed, the size of the universe

b will change. The dilaton is slightly more complicated, and given in equation (A.23).

2.2.2 Wave functional of a closed universe with one observer
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<latexit sha1_base64="OOY5nEd8dT6bV2sDBcS+wwLrvVg=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclaT4WhbduKxgH9CGMplOmqEzkzBzUyyhP+FWv8X/cO9O3Lp22mZhWy8MHM59zDknSDjT4Lof1tr6xubWdmHH3t3bPzgslo6aOk4VoQ0S81i1A6wpZ5I2gAGn7URRLAJOW8HwftpvjajSLJZPME6oL/BAspARDIZqdyGigHvVXrHsVtxZOavAy0EZ5VXvlazTbj8mqaASCMdadzw3AT/DChjhdGJ3U00TTIZ4QDsGSiyo9rOZ4Ilzbpi+E8bKPAnOjP27kWGh9VgEZlJgiPRyb0r+20uisWZEL3yfqVhgKVOxJArCWz9jMkmBSjLXFKbcgdiZBuX0maIE+NgATBQzthwSYYUJmDgXLvVHLNG5wee5Q9s2iXrL+a2CZrXiXVeuHi/Ltbs82wI6QWfoAnnoBtXQA6qjBiKIoxf0it6sd+vT+rK+56NrVr5zjBbK+vkFgbivDg==</latexit>

✓2

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>m2

<latexit sha1_base64="V3QTkZ98SWezLMn0HCM7cEjM2AM=">AAACN3icbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmVF+4B2KJlM2obmRZIpDkM/wa1+i5/iyp249Q9M21nY1guBw7mPnHMiSYk2vv/hrKyurW9sFrbc7Z3dvf1i6aChRaIQriNBhWpFUGNKOK4bYihuSYUhiyhuRsO7Sb85wkoTwZ9MKnHIYJ+THkHQWOox7QbdYtmv+NPylkGQgzLIq9YtOcedWKCEYW4QhVq3A1+aMIPKEETx2O0kGkuIhrCP2xZyyLAOs6nWsXdqmdjrCWUfN96U/buRQaZ1yiI7yaAZ6MXehPy3JwepJkjPfZ8pwSDnCVsQZXo3YUa4TAzmaKapl1DPCG+SkRcThZGhqQUQKWJteWgAFUTGJjl3KR4RqXODzzOHrmsTDRbzWwaN80pwVbl8uChXb/NsC+AInIAzEIBrUAX3oAbqAIE+eAGv4M15dz6dL+d7Nrri5DuHYK6cn18mQazi</latexit>y1

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3

<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>m2

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3

<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3

<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="Fg2mLeqHmY2QKO8evKkuA29xZ8I=">AAACPHicbVDLSsNAFJ3UV42vVpeCBIvgqiTia1l047KCfUBbymQybYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeccP+ZMg+t+WIW19Y3NreK2vbO7t39QKh82dZQoQhsk4pFq+1hTziRtAANO27GiWPictvzR/bTfGlOlWSSfII1pT+ChZANGMBiq3YWQAu57/VLFrbqzclaBl4MKyqveL1sn3SAiiaASCMdadzw3hl6GFTDC6cTuJprGmIzwkHYMlFhQ3ctmgifOmWECZxAp8yQ4M/bvRoaF1qnwzaTAEOrl3pT8txeHqWZEL3yfqUhgKROxJAoGt72MyTgBKslc0yDhDkTONCgnYIoS4KkBmChmbDkkxAoTMHEuXArGLNa5wee5Q9s2iXrL+a2C5kXVu65ePV5Wand5tkV0jE7ROfLQDaqhB1RHDUQQRy/oFb1Z79an9WV9z0cLVr5zhBbK+vkFf+evDQ==</latexit>

✓1
<latexit sha1_base64="OOY5nEd8dT6bV2sDBcS+wwLrvVg=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclaT4WhbduKxgH9CGMplOmqEzkzBzUyyhP+FWv8X/cO9O3Lp22mZhWy8MHM59zDknSDjT4Lof1tr6xubWdmHH3t3bPzgslo6aOk4VoQ0S81i1A6wpZ5I2gAGn7URRLAJOW8HwftpvjajSLJZPME6oL/BAspARDIZqdyGigHvVXrHsVtxZOavAy0EZ5VXvlazTbj8mqaASCMdadzw3AT/DChjhdGJ3U00TTIZ4QDsGSiyo9rOZ4Ilzbpi+E8bKPAnOjP27kWGh9VgEZlJgiPRyb0r+20uisWZEL3yfqVhgKVOxJArCWz9jMkmBSjLXFKbcgdiZBuX0maIE+NgATBQzthwSYYUJmDgXLvVHLNG5wee5Q9s2iXrL+a2CZrXiXVeuHi/Ltbs82wI6QWfoAnnoBtXQA6qjBiKIoxf0it6sd+vT+rK+56NrVr5zjBbK+vkFgbivDg==</latexit>

✓2

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>

m1

<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>

m2

<latexit sha1_base64="V3QTkZ98SWezLMn0HCM7cEjM2AM=">AAACN3icbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmVF+4B2KJlM2obmRZIpDkM/wa1+i5/iyp249Q9M21nY1guBw7mPnHMiSYk2vv/hrKyurW9sFrbc7Z3dvf1i6aChRaIQriNBhWpFUGNKOK4bYihuSYUhiyhuRsO7Sb85wkoTwZ9MKnHIYJ+THkHQWOox7QbdYtmv+NPylkGQgzLIq9YtOcedWKCEYW4QhVq3A1+aMIPKEETx2O0kGkuIhrCP2xZyyLAOs6nWsXdqmdjrCWUfN96U/buRQaZ1yiI7yaAZ6MXehPy3JwepJkjPfZ8pwSDnCVsQZXo3YUa4TAzmaKapl1DPCG+SkRcThZGhqQUQKWJteWgAFUTGJjl3KR4RqXODzzOHrmsTDRbzWwaN80pwVbl8uChXb/NsC+AInIAzEIBrUAX3oAbqAIE+eAGv4M15dz6dL+d7Nrri5DuHYK6cn18mQazi</latexit>

y1
<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="Fg2mLeqHmY2QKO8evKkuA29xZ8I=">AAACPHicbVDLSsNAFJ3UV42vVpeCBIvgqiTia1l047KCfUBbymQybYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeccP+ZMg+t+WIW19Y3NreK2vbO7t39QKh82dZQoQhsk4pFq+1hTziRtAANO27GiWPictvzR/bTfGlOlWSSfII1pT+ChZANGMBiq3YWQAu57/VLFrbqzclaBl4MKyqveL1sn3SAiiaASCMdadzw3hl6GFTDC6cTuJprGmIzwkHYMlFhQ3ctmgifOmWECZxAp8yQ4M/bvRoaF1qnwzaTAEOrl3pT8txeHqWZEL3yfqUhgKROxJAoGt72MyTgBKslc0yDhDkTONCgnYIoS4KkBmChmbDkkxAoTMHEuXArGLNa5wee5Q9s2iXrL+a2C5kXVu65ePV5Wand5tkV0jE7ROfLQDaqhB1RHDUQQRy/oFb1Z79an9WV9z0cLVr5zhBbK+vkFf+evDQ==</latexit>

✓1
<latexit sha1_base64="OOY5nEd8dT6bV2sDBcS+wwLrvVg=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclaT4WhbduKxgH9CGMplOmqEzkzBzUyyhP+FWv8X/cO9O3Lp22mZhWy8MHM59zDknSDjT4Lof1tr6xubWdmHH3t3bPzgslo6aOk4VoQ0S81i1A6wpZ5I2gAGn7URRLAJOW8HwftpvjajSLJZPME6oL/BAspARDIZqdyGigHvVXrHsVtxZOavAy0EZ5VXvlazTbj8mqaASCMdadzw3AT/DChjhdGJ3U00TTIZ4QDsGSiyo9rOZ4Ilzbpi+E8bKPAnOjP27kWGh9VgEZlJgiPRyb0r+20uisWZEL3yfqVhgKVOxJArCWz9jMkmBSjLXFKbcgdiZBuX0maIE+NgATBQzthwSYYUJmDgXLvVHLNG5wee5Q9s2iXrL+a2CZrXiXVeuHi/Ltbs82wI6QWfoAnnoBtXQA6qjBiKIoxf0it6sd+vT+rK+56NrVr5zjBbK+vkFgbivDg==</latexit>

✓2

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>

m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>

m2

<latexit sha1_base64="V3QTkZ98SWezLMn0HCM7cEjM2AM=">AAACN3icbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmVF+4B2KJlM2obmRZIpDkM/wa1+i5/iyp249Q9M21nY1guBw7mPnHMiSYk2vv/hrKyurW9sFrbc7Z3dvf1i6aChRaIQriNBhWpFUGNKOK4bYihuSYUhiyhuRsO7Sb85wkoTwZ9MKnHIYJ+THkHQWOox7QbdYtmv+NPylkGQgzLIq9YtOcedWKCEYW4QhVq3A1+aMIPKEETx2O0kGkuIhrCP2xZyyLAOs6nWsXdqmdjrCWUfN96U/buRQaZ1yiI7yaAZ6MXehPy3JwepJkjPfZ8pwSDnCVsQZXo3YUa4TAzmaKapl1DPCG+SkRcThZGhqQUQKWJteWgAFUTGJjl3KR4RqXODzzOHrmsTDRbzWwaN80pwVbl8uChXb/NsC+AInIAzEIBrUAX3oAbqAIE+eAGv4M15dz6dL+d7Nrri5DuHYK6cn18mQazi</latexit>

y1

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>

m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>

m2

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>

y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>

y3
<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>

y4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="3c/pC8iKSFm1i08GRfoblCjDyfE=">AAACSXicbVDLTsMwEHRaHqW8WjhysaiQOFUJ4nWs4MKxlehDaqPKcZzWqu1EtlMRRf0CrvBVfAGfwQ1xwmlzIC0rWRrN7Hp3xosYVdq2P61SeWt7Z7eyV90/ODw6rtVPeiqMJSZdHLJQDjykCKOCdDXVjAwiSRD3GOl7s8dM78+JVDQUzzqJiMvRRNCAYqQN1fHGtYbdtJcFN4GTgwbIqz2uW1cjP8QxJ0JjhpQaOnak3RRJTTEji+ooViRCeIYmZGigQJwoN11euoAXhvFhEErzhIZL9u9EirhSCfdMJ0d6qta1jPxXi6aJolgV1qe+yrYUORlyJETM1w7Vwb2bUhHFmgi8ujOIGdQhzFKDPpUEa5YYgLCkxirEUyQR1ibbwk/+nEYqN/2ycl2tmpSd9Uw3Qe+q6dw2bzrXjdZDnncFnIFzcAkccAda4Am0QRdgQMAreAPv1of1ZX1bP6vWkpXPnIJClcq/PjuzpQ==</latexit>

b

<latexit sha1_base64="NJyzgIkcCsbuO00/oZ9tGPR0asE=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FMDXo6rdbtpL8vaBE4O6iCvzrhmXI38EMUMc4UolHLo2JFyUygUQRQvzFEscQTRDE7wUEMOGZZuurx1YV1oxreCUOjHlbVk/06kkEmZME93Mqimcl3LyH+1aJpIgmRhferLbEuREyGDnMds7VAV3Lop4VGsMEerO4OYWiq0stwsnwiMFE00gEgQbdVCUyggUjrdwk/+nEQyN/2ycm2aOmVnPdNN0LtqOq1m6/G63r7L866AM3AOGsABN6ANHkAHdAECE/AK3sC78WF8Gd/Gz6q1ZOQzp6BQpfIvIWm0Cg==</latexit>

(a)
<latexit sha1_base64="s5MCC2q+tEzpJvPm3w15wC+uGrs=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FPDuxxX63bTXpa1CZwc1EFenXHNuBr5IYoZ5gpRKOXQsSPlplAogihemKNY4giiGZzgoYYcMizddHnrwrrQjG8FodCPK2vJ/p1IIZMyYZ7uZFBN5bqWkf9q0TSRBMnC+tSX2ZYiJ0IGOY/Z2qEquHVTwqNYYY5WdwYxtVRoZblZPhEYKZpoAJEg2qqFplBApHS6hZ/8OYlkbvpl5do0dcrOeqaboHfVdFrN1uN1vX2X510BZ+AcNIADbkAbPIAO6AIEJuAVvIF348P4Mr6Nn1VrychnTkGhSuVfI0+0Cw==</latexit>

(b)

<latexit sha1_base64="yK3uLRp6tr6J8HWUZMxOEZhV8FU=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVQ96hXLfsWflbcKghyUQV61Xsk57cYCJQxzgyjUuhP40oQZVIYgiiduN9FYQjSCA9yxkEOGdZjNlE68c8vEXl8o+7jxZuzfjQwyrVMW2UkGzVAv96bkvz05TDVBeuH7TAkGOU/YkijTvwszwmViMEdzTf2EekZ404S8mCiMDE0tgEgRa8tDQ6ggMjbHhUvxmEidG3yeO3Rdm2iwnN8qaF5WgpvKdf2qXL3Psy2AE3AGLkAAbkEVPIIaaAAEMHgBr+DNeXc+nS/nez665uQ7x2ChnJ9fqxesJw==</latexit>

b

<latexit sha1_base64="24VSQatRqbBHrlApYuh9F5SyCG8=">AAACQXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG3dWsA9oh5LJZNrQJDMmmWIZ+h1u9Vv8Cj/Bnbh1Y6adhW09EDic+8i5x48ZVdpxPmBhZXVtfaO4aW1t7+zulcr7TRUlEpMGjlgk2z5ShFFBGppqRtqxJIj7jLT84W1Wb42IVDQSj3ocE4+jvqAhxUgbyetypAcYsfR+0qO9UsWpOlPYy8TNSQXkqPfK8KgbRDjhRGjMkFId14m1lyKpKWZkYnUTRWKEh6hPOoYKxIny0qnriX1ilMAOI2me0PZU/TuRIq7UmPumM3OpFmuZ+G8tHowVxWru+1RGHAmR8AVTOrz2UiriRBOBZ57ChNk6srO07IBKgjUbG4KwpOYsGw+QRFibTOc2BSMaq/zA59mFlmUSdRfzWybNs6p7Wb14OK/UbvJsi+AQHINT4IIrUAN3oA4aAIMn8AJewRt8h5/wC37PWgswnzkAc4A/v2pFsYI=</latexit>Oi

<latexit sha1_base64="taei2L03pOncqPhUzR39SCwxkE8="></latexit>

e�
�H
2

<latexit sha1_base64="mAquQBotOzmEulhqgn+SqqT5Dsg="></latexit>

tr
�
e��HOi

�

<latexit sha1_base64="NJyzgIkcCsbuO00/oZ9tGPR0asE=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FMDXo6rdbtpL8vaBE4O6iCvzrhmXI38EMUMc4UolHLo2JFyUygUQRQvzFEscQTRDE7wUEMOGZZuurx1YV1oxreCUOjHlbVk/06kkEmZME93Mqimcl3LyH+1aJpIgmRhferLbEuREyGDnMds7VAV3Lop4VGsMEerO4OYWiq0stwsnwiMFE00gEgQbdVCUyggUjrdwk/+nEQyN/2ycm2aOmVnPdNN0LtqOq1m6/G63r7L866AM3AOGsABN6ANHkAHdAECE/AK3sC78WF8Gd/Gz6q1ZOQzp6BQpfIvIWm0Cg==</latexit>

(a)
<latexit sha1_base64="s5MCC2q+tEzpJvPm3w15wC+uGrs=">AAACS3icbVDLTsMwEHQKhRJeLRy5RFRI5VIlCBWOFVw4FkEfUhtVjuO0Vm0nsp2KKOoncIWv4gP4Dm6IA06bA2lZydJoZte7M15EiVS2/WmUtrbLO7uVPXP/4PDouFo76ckwFgh3UUhDMfCgxJRw3FVEUTyIBIbMo7jvze4zvT/HQpKQP6skwi6DE04CgqDS1FPDuxxX63bTXpa1CZwc1EFenXHNuBr5IYoZ5gpRKOXQsSPlplAogihemKNY4giiGZzgoYYcMizddHnrwrrQjG8FodCPK2vJ/p1IIZMyYZ7uZFBN5bqWkf9q0TSRBMnC+tSX2ZYiJ0IGOY/Z2qEquHVTwqNYYY5WdwYxtVRoZblZPhEYKZpoAJEg2qqFplBApHS6hZ/8OYlkbvpl5do0dcrOeqaboHfVdFrN1uN1vX2X510BZ+AcNIADbkAbPIAO6AIEJuAVvIF348P4Mr6Nn1VrychnTkGhSuVfI0+0Cw==</latexit>
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(b)
Figure 7: Given boundary conditions tr

(
e−βHOi

)
, we compute the wave functional in the |b⟩ basis by

integrating over trumpet geometries.
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After obtaining classical solutions, we now look for wave functionals on spatial geometries. Given

boundary condition tr
(
e−βHOi

)
, we will compute the wave functional in the |b⟩ basis by integrating

over trumpet geometries (Figure 7). The Euclidean action is given by

I = −1

2

∫ √
gΦ(R+ 2)−

∫

bdy

√
hΦb(K − 1) +mL . (2.16)

We perform the computation where only the dilaton is allowed to be off-shell.9 Details are left to

appendix A.4, with the final result for the wavefunctional of the universe created by tr
(
e−βHOi

)
in |b⟩

basis given by

Ψβ(b) = exp

(
−m log

(
β/ϕr

cosh
(
b
2

)
arctan

(
sinh b

2

)
)

+
2ϕr
β

arctan2
(
sinh

b

2

)
− 4ϕr

β
sinh

(
b

2

)
arctan

(
sinh

b

2

))
.

(2.17)

It can be checked that the saddlepoint for this wave functional at large m is at b0 = 2 log
(

mβ
πϕr

)
,

which corresponds to the classical solution where all modes are on-shell. Here we ignore Schwarzian

and matter fluctuations by taking β/ϕr ≪ 1 and m ≫ 1. The amplitude is highly peaked around the

classical value.

Similar to our calculation of the WdW wavefunctional ψb[ϕ0, L] in the case without matter, we can

repeat the procedure with matter for a generic slice of length L with dilaton profile Φ(σ). We do this

in appendix A.5 for a profile Φ(σ) = B cosh(bσ). The final wavefunctional is given by

Ψβ[L, ϕ] =

∫
dbΨβ(b)ψb(L,Φ) , (2.18)

where ψb(L,Φ) is the transition amplitude between a geodesic of size b and a slice with (L,Φ) which is

a finite cut-off trumpet. We perform the calculation semi-classically. For L > b, we find

ψb(L,Φ = B cosh(bx))

≈ exp

(
−2

√
L2 − b2

b
|B| sinh

(
b

2

)
+m arcsinh

(√
L2 − b2

b

)
sgn(B)

)
. (2.19)

As the classical solution of the closed universe has L < b, the regime of L > b is classically forbidden.

This is consistent with the fact that we see exponential decay in (2.19). For the classically allowed

region L < b we have

ψb(L,Φ = B cosh(bx)) ≈ 2 cos

(
2
√
b2 − L2

b
B sinh

(
b

2

)
−m arcsin

(√
b2 − L2

b

))
, (2.20)

and the oscillating behavior is as expected. One can check that the wave functions (2.19) and (2.20)

9 This is similar to the wavefunction of the two sided BH computed in JT [26]. This results in the corner contribution to
the extrinsic curvature being off-shell.
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satisfy the Wheeler-de-Witt equation when 2B b
L sinh b

2 = m.10

Non-perturbative inner product in JT gravity.

For completeness and to give an example of the formalism outlined in the introduction, we briefly

mention the non-perturbative inner product for the case of pure JT gravity. The Euclidean JT gravity

action is given by11

I[g,Φ] = −S0χ(M)− 1

2

∫ √
gΦ(R+ 2) , (2.21)

where χ is the Euler characteristic of the bulk manifold M and suppresses higher genus contributions.

We define the inner product ⟨b′|b⟩ to be computed by the Euclidean path integral with boundary

conditions specified by geodesics of size b, b′

⟨b′|b⟩ =
∫

DgDΦe−I[g,Φ] = + . . . . (2.22)

States with b ̸= b′ are orthogonal at the cylinder topology level. ⟨b′|b⟩ = 1
b δ(b−b′)+O(e−2S0). However,

as explained in the introduction the variance of such an inner product is large

|⟨b′|b⟩|2 = ⟨b|b⟩ × ⟨b′|b′⟩+O(e−2S0) . (2.23)

This implies that the states |b⟩, |b′⟩ are not orthogonal. Running through the general argument in the

introduction, we find the Hilbert space is one dimensional. All of these arguments extend to JT coupled

to matter, where now states can be prepared by inserting operators of many flavors i on the slices.

3 Non-perturbative aspects and a topological model

In section 2 we found that we could prepare distinct semi-classical states of closed universes by setting

different asymptotic boundary conditions. In this section we will study non-perturbative corrections

in a simple topological model that mimics JT coupled to a large number of matter fields of different

flavors.

It would of course be more desirable to study both perturbative and non-perturbative aspects in the

10 In principle the result of gravitational path integral should always satisfy WDW equation for any input L and Φ(σ) [22].
Here we obtained (2.19) and (2.20) by saddle point approximation, which is only valid when B is on shell.
11 We do not need additional boundary terms for geodesic boundary conditions [36].
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same model. However, the ensemble interpretation of JT gravity plus matter is still under investigation

[37], and detailed calculations are much more involved without modifying the key conclusions.

3.1 A simple topological model

The topological model we consider is motivated by the Marolf-Maxfield model [20]. We define our

topological model to consist of operators that create asymptotic circles with a flavor index i that takes

values in i = 1, ..., k.
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(3.1)

This definition is motivated by tr
(
e−βHOi

)
in JT coupled to matter. We will think of these operators

as creating states of closed universes.

We can consider performing the gravity path integral with some number of |ψi⟩ boundaries in-

serted.12 With our choice of action, an odd number of these insertions vanishes, and so we can always

write our asymptotic boundary conditions as products of objects such as ⟨ψi|ψj⟩.

We define the Euclidean action on a manifold M to be

I(M) = −S0χ+ Imatter (3.2)

where χ is the Euler characteristic, and Imatter is defined to pair up the flavor indices of the asymptotic

circles |ψi⟩ on which M ends. The matter action multiplies the path integral by an integer given by

the number of distinct pairings of flavors on M . This is motivated by tr
(
e−βHOi

)
= 0, and that for JT

on a manifold all operator insertions Oi must connect to give a non-zero answer.

The simplest quantity we can consider in this model is the inner product matrix
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<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="4xWkY8WXDyujcWaMeVmB5JPuNeY="></latexit>

Mij ⌘ h i| ji ⌘

<latexit sha1_base64="WcmwS4Yv5j9M5AaDENp8r5v7q0s=">AAACUXicbVDLTsJAFL2tLwQfoEs3jcTEFWmJryXRjUtM5KHQkOl0gIkz0zozJZKGr3CrX+XKT3HnAF1Y8CaTnJxz79x7ThAzqrTrflv2xubW9k5ht1ja2z84LFeO2ipKJCYtHLFIdgOkCKOCtDTVjHRjSRAPGOkEL3dzvTMhUtFIPOppTHyORoIOKUbaUE/PA9onrwmdDMpVt+YuylkHXgaqkFVzULHq/TDCCSdCY4aU6nlurP0USU0xI7NiP1EkRvgFjUjPQIE4UX66uHjmnBkmdIaRNE9oZ8H+nUgRV2rKA9PJkR6rVW1O/qvF46miWOXWp6Gab8lzMuJIiISvHKqHN35KRZxoIvDyzmHCHB058/SckEqCNZsagLCkxqqDx0girE3GuZ/CCY1VZvpt6bpYNCl7q5mug3a95l3VLh8uqo3bLO8CnMApnIMH19CAe2hCCzBweIcP+LS+rB8bbHvZalvZzDHkyi79AmbNtT0=</latexit>

Zi ⌘

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="9lOZI8frFfv3t9aZTVPxz+/goY4="></latexit>

Tr
�
e��HLiouvillee�µil

�

<latexit sha1_base64="4xWkY8WXDyujcWaMeVmB5JPuNeY="></latexit>

Mij ⌘ h i| ji ⌘
<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

. (3.3)

We will study all moments of this matrix M . Let’s examine the first few examples

⟨ψi|ψj⟩ = δij +O(e−2S0) ,

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="6ypOZLhBRyh/BIiA5+iEpSqCFzQ="></latexit>

h i| ji = �ij + O(e�2S0)
<latexit sha1_base64="AXwA3DJi+E/EEEzDQZCJvM0rVzQ=">AAACO3icbVC7TsMwFHXKq4RXCyMSsqiQmKoE8RorWBiLRB9SG1WO47SmthNspyKK+hGs8C18CDMbYmXHbTPQlitZOjr34XOOHzOqtON8WIWV1bX1jeKmvbW9s7tXKu83VZRITBo4YpFs+0gRRgVpaKoZaceSIO4z0vKHt5N+a0SkopF40GlMPI76goYUI22oFu0K8gQfe6WKU3WmBZeBm4MKyKveK1tH3SDCCSdCY4aU6rhOrL0MSU0xI2O7mygSIzxEfdIxUCBOlJdN9Y7hiWECGEbSPKHhlP27kSGuVMp9M8mRHqjF3oT8txcPUkWxmvs+kxFHQiR8QZQOr72MijjRROCZpjBhUEdwkhMMqCRYs9QAhCU1tiAeIImwNmnOXQpGNFa5weeZQ9s2ibqL+S2D5lnVvaxe3J9Xajd5tkVwCI7BKXDBFaiBO1AHDYDBELyAV/BmvVuf1pf1PRstWPnOAZgr6+cXjdKulA==</latexit>

i 6= j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="pMD9z4W7rIPwcNm4q84n7zqtsck="></latexit>

| h i| ji |2 = 1 + O(e�2S0)

<latexit sha1_base64="mOQlI8YCWMCuhsri0W70MnN7Dl0=">AAACQXicbVDLSgMxFM3UVx1frS4FGSyCqzIjvjZC0Y3LCvYBnaFkMpk2NMnEJFMsQ7/DrX6LX+EnuBO3bkzbWdjWC4HDuY+cc0JBidKu+2EVVlbX1jeKm/bW9s7uXqm831RJKhFuoIQmsh1ChSnhuKGJprgtJIYspLgVDu4m/dYQS0US/qhHAgcM9jiJCYLaUIE/wDrzhSJdMr7plipu1Z2Wswy8HFRAXvVu2TryowSlDHONKFSq47lCBxmUmiCKx7afKiwgGsAe7hjIIcMqyKaqx86JYSInTqR5XDtT9u9GBplSIxaaSQZ1Xy32JuS/PdEfKYLU3PeZTBjkPGULonR8HWSEi1Rjjmaa4pQ6OnEmaTkRkRhpOjIAIkmMLQf1oYRIm0znLkVDIlRu8Hnm0LZNot5ifsugeVb1LqsXD+eV2m2ebREcgmNwCjxwBWrgHtRBAyDwBF7AK3iz3q1P68v6no0WrHznAMyV9fMLaxmxgg==</latexit>| ii =
<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="AXwA3DJi+E/EEEzDQZCJvM0rVzQ=">AAACO3icbVC7TsMwFHXKq4RXCyMSsqiQmKoE8RorWBiLRB9SG1WO47SmthNspyKK+hGs8C18CDMbYmXHbTPQlitZOjr34XOOHzOqtON8WIWV1bX1jeKmvbW9s7tXKu83VZRITBo4YpFs+0gRRgVpaKoZaceSIO4z0vKHt5N+a0SkopF40GlMPI76goYUI22oFu0K8gQfe6WKU3WmBZeBm4MKyKveK1tH3SDCCSdCY4aU6rhOrL0MSU0xI2O7mygSIzxEfdIxUCBOlJdN9Y7hiWECGEbSPKHhlP27kSGuVMp9M8mRHqjF3oT8txcPUkWxmvs+kxFHQiR8QZQOr72MijjRROCZpjBhUEdwkhMMqCRYs9QAhCU1tiAeIImwNmnOXQpGNFa5weeZQ9s2ibqL+S2D5lnVvaxe3J9Xajd5tkVwCI7BKXDBFaiBO1AHDYDBELyAV/BmvVuf1pf1PRstWPnOAZgr6+cXjdKulA==</latexit>

i 6= j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="HyuMN9mXNIF94Vqp/mCtnvEiCaw="></latexit>

| h i| ji |2 = eS0
�
1 + O(e�2S0)

�

<latexit sha1_base64="cg25Jmh5iLv4TJ+cNUlJl1f9kMM="></latexit>

⇠ e�S0 h i| ii h j | ji

<latexit sha1_base64="ZL6pe6L3drjMh3LnLxSysy/c+lo="></latexit>

h i| ji = �ije
S0
�
1 + Oe�2S0

�

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="5ZwIUqNSpyKjSWHssvIfOuIsHVo=">AAACQHicbVDLSgMxFM3UVx1frS4FCRahbsqM741QdONGqGAf0NaSSdM2NMmEJFMsQ3/DrX6Lf+EfuBO3rkzbWdjWC4HDuY+ccwLJqDae9+GklpZXVtfS6+7G5tb2Tia7W9FhpDAp45CFqhYgTRgVpGyoYaQmFUE8YKQa9G/H/eqAKE1D8WiGkjQ56graoRgZSzXyDaPg/fHTKbyGrUzOK3iTgovAT0AOJFVqZZ2DRjvEESfCYIa0rvueNM0YKUMxIyO3EWkiEe6jLqlbKBAnuhlPRI/gkWXasBMq+4SBE/bvRoy41kMe2EmOTE/P98bkvz3ZG2qK9cz3sQo5EiLic6JM56oZUyEjQwSeaupEDJoQjsOCbaoINmxoAcKKWlsQ95BC2NhIZy61B1TqxODz1KHr2kT9+fwWQeWk4F8Uzh/OcsWbJNs02AeHIA98cAmK4A6UQBlgIMELeAVvzrvz6Xw539PRlJPs7IGZcn5+ATJyr0E=</latexit>

(tr M)3 =

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="72xg9Hvi2T/FyLBueJ6Ii/7Mqr8=">AAACPnicbVDLSgMxFM34rPXV6lKQYBFclRnfG6Hoxo1QwT6wHUsmk2lDk8yQZIrD0L9wq9/ib/gD7sStS9N2Frb1QuBw7iPnHC9iVGnb/rAWFpeWV1Zza/n1jc2t7UJxp67CWGJSwyELZdNDijAqSE1TzUgzkgRxj5GG178Z9RsDIhUNxYNOIuJy1BU0oBhpQz22tYR3TyfwCnYKJbtsjwvOAycDJZBVtVO09tt+iGNOhMYMKdVy7Ei7KZKaYkaG+XasSIRwH3VJy0CBOFFuOpY8hIeG8WEQSvOEhmP270aKuFIJ98wkR7qnZnsj8t9e1EsUxWrq+1SGHAkR8xlROrh0UyqiWBOBJ5qCmEEdwlFU0KeSYM0SAxCW1NiCuIckwtoEOnXJH9BIZQafJw7zeZOoM5vfPKgfl53z8tn9aalynWWbA3vgABwBB1yACrgFVVADGAjwAl7Bm/VufVpf1vdkdMHKdnbBVFk/v1CGrtw=</latexit>

tr M3 =

<latexit sha1_base64="mOQlI8YCWMCuhsri0W70MnN7Dl0=">AAACQXicbVDLSgMxFM3UVx1frS4FGSyCqzIjvjZC0Y3LCvYBnaFkMpk2NMnEJFMsQ7/DrX6LX+EnuBO3bkzbWdjWC4HDuY+cc0JBidKu+2EVVlbX1jeKm/bW9s7uXqm831RJKhFuoIQmsh1ChSnhuKGJprgtJIYspLgVDu4m/dYQS0US/qhHAgcM9jiJCYLaUIE/wDrzhSJdMr7plipu1Z2Wswy8HFRAXvVu2TryowSlDHONKFSq47lCBxmUmiCKx7afKiwgGsAe7hjIIcMqyKaqx86JYSInTqR5XDtT9u9GBplSIxaaSQZ1Xy32JuS/PdEfKYLU3PeZTBjkPGULonR8HWSEi1Rjjmaa4pQ6OnEmaTkRkRhpOjIAIkmMLQf1oYRIm0znLkVDIlRu8Hnm0LZNot5ifsugeVb1LqsXD+eV2m2ebREcgmNwCjxwBWrgHtRBAyDwBF7AK3iz3q1P68v6no0WrHznAMyV9fMLaxmxgg==</latexit>| ii =
<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="F01QENT1rUuys5QkhKeP404mQKo="></latexit>h i| ji =

<latexit sha1_base64="5ZwIUqNSpyKjSWHssvIfOuIsHVo=">AAACQHicbVDLSgMxFM3UVx1frS4FCRahbsqM741QdONGqGAf0NaSSdM2NMmEJFMsQ3/DrX6Lf+EfuBO3rkzbWdjWC4HDuY+ccwLJqDae9+GklpZXVtfS6+7G5tb2Tia7W9FhpDAp45CFqhYgTRgVpGyoYaQmFUE8YKQa9G/H/eqAKE1D8WiGkjQ56graoRgZSzXyDaPg/fHTKbyGrUzOK3iTgovAT0AOJFVqZZ2DRjvEESfCYIa0rvueNM0YKUMxIyO3EWkiEe6jLqlbKBAnuhlPRI/gkWXasBMq+4SBE/bvRoy41kMe2EmOTE/P98bkvz3ZG2qK9cz3sQo5EiLic6JM56oZUyEjQwSeaupEDJoQjsOCbaoINmxoAcKKWlsQ95BC2NhIZy61B1TqxODz1KHr2kT9+fwWQeWk4F8Uzh/OcsWbJNs02AeHIA98cAmK4A6UQBlgIMELeAVvzrvz6Xw539PRlJPs7IGZcn5+ATJyr0E=</latexit>

(tr M)3 =

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="72xg9Hvi2T/FyLBueJ6Ii/7Mqr8=">AAACPnicbVDLSgMxFM34rPXV6lKQYBFclRnfG6Hoxo1QwT6wHUsmk2lDk8yQZIrD0L9wq9/ib/gD7sStS9N2Frb1QuBw7iPnHC9iVGnb/rAWFpeWV1Zza/n1jc2t7UJxp67CWGJSwyELZdNDijAqSE1TzUgzkgRxj5GG178Z9RsDIhUNxYNOIuJy1BU0oBhpQz22tYR3TyfwCnYKJbtsjwvOAycDJZBVtVO09tt+iGNOhMYMKdVy7Ei7KZKaYkaG+XasSIRwH3VJy0CBOFFuOpY8hIeG8WEQSvOEhmP270aKuFIJ98wkR7qnZnsj8t9e1EsUxWrq+1SGHAkR8xlROrh0UyqiWBOBJ5qCmEEdwlFU0KeSYM0SAxCW1NiCuIckwtoEOnXJH9BIZQafJw7zeZOoM5vfPKgfl53z8tn9aalynWWbA3vgABwBB1yACrgFVVADGAjwAl7Bm/VufVpf1vdkdMHKdnbBVFk/v1CGrtw=</latexit>

tr M3 =

, (3.4)

12 We do not consider insertions with multiple dots on a single circle.
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|⟨ψi|ψj⟩|2 = 1 +O(e−2S0) ,

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="6ypOZLhBRyh/BIiA5+iEpSqCFzQ="></latexit>

h i| ji = �ij + O(e�2S0)
<latexit sha1_base64="AXwA3DJi+E/EEEzDQZCJvM0rVzQ=">AAACO3icbVC7TsMwFHXKq4RXCyMSsqiQmKoE8RorWBiLRB9SG1WO47SmthNspyKK+hGs8C18CDMbYmXHbTPQlitZOjr34XOOHzOqtON8WIWV1bX1jeKmvbW9s7tXKu83VZRITBo4YpFs+0gRRgVpaKoZaceSIO4z0vKHt5N+a0SkopF40GlMPI76goYUI22oFu0K8gQfe6WKU3WmBZeBm4MKyKveK1tH3SDCCSdCY4aU6rhOrL0MSU0xI2O7mygSIzxEfdIxUCBOlJdN9Y7hiWECGEbSPKHhlP27kSGuVMp9M8mRHqjF3oT8txcPUkWxmvs+kxFHQiR8QZQOr72MijjRROCZpjBhUEdwkhMMqCRYs9QAhCU1tiAeIImwNmnOXQpGNFa5weeZQ9s2ibqL+S2D5lnVvaxe3J9Xajd5tkVwCI7BKXDBFaiBO1AHDYDBELyAV/BmvVuf1pf1PRstWPnOAZgr6+cXjdKulA==</latexit>

i 6= j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="pMD9z4W7rIPwcNm4q84n7zqtsck="></latexit>

| h i| ji |2 = 1 + O(e�2S0)

<latexit sha1_base64="mOQlI8YCWMCuhsri0W70MnN7Dl0=">AAACQXicbVDLSgMxFM3UVx1frS4FGSyCqzIjvjZC0Y3LCvYBnaFkMpk2NMnEJFMsQ7/DrX6LX+EnuBO3bkzbWdjWC4HDuY+cc0JBidKu+2EVVlbX1jeKm/bW9s7uXqm831RJKhFuoIQmsh1ChSnhuKGJprgtJIYspLgVDu4m/dYQS0US/qhHAgcM9jiJCYLaUIE/wDrzhSJdMr7plipu1Z2Wswy8HFRAXvVu2TryowSlDHONKFSq47lCBxmUmiCKx7afKiwgGsAe7hjIIcMqyKaqx86JYSInTqR5XDtT9u9GBplSIxaaSQZ1Xy32JuS/PdEfKYLU3PeZTBjkPGULonR8HWSEi1Rjjmaa4pQ6OnEmaTkRkRhpOjIAIkmMLQf1oYRIm0znLkVDIlRu8Hnm0LZNot5ifsugeVb1LqsXD+eV2m2ebREcgmNwCjxwBWrgHtRBAyDwBF7AK3iz3q1P68v6no0WrHznAMyV9fMLaxmxgg==</latexit>| ii =
<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="AXwA3DJi+E/EEEzDQZCJvM0rVzQ=">AAACO3icbVC7TsMwFHXKq4RXCyMSsqiQmKoE8RorWBiLRB9SG1WO47SmthNspyKK+hGs8C18CDMbYmXHbTPQlitZOjr34XOOHzOqtON8WIWV1bX1jeKmvbW9s7tXKu83VZRITBo4YpFs+0gRRgVpaKoZaceSIO4z0vKHt5N+a0SkopF40GlMPI76goYUI22oFu0K8gQfe6WKU3WmBZeBm4MKyKveK1tH3SDCCSdCY4aU6rhOrL0MSU0xI2O7mygSIzxEfdIxUCBOlJdN9Y7hiWECGEbSPKHhlP27kSGuVMp9M8mRHqjF3oT8txcPUkWxmvs+kxFHQiR8QZQOr72MijjRROCZpjBhUEdwkhMMqCRYs9QAhCU1tiAeIImwNmnOXQpGNFa5weeZQ9s2ibqL+S2D5lnVvaxe3J9Xajd5tkVwCI7BKXDBFaiBO1AHDYDBELyAV/BmvVuf1pf1PRstWPnOAZgr6+cXjdKulA==</latexit>

i 6= j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="HyuMN9mXNIF94Vqp/mCtnvEiCaw="></latexit>

| h i| ji |2 = eS0
�
1 + O(e�2S0)

�

<latexit sha1_base64="cg25Jmh5iLv4TJ+cNUlJl1f9kMM="></latexit>

⇠ e�S0 h i| ii h j | ji

<latexit sha1_base64="ZL6pe6L3drjMh3LnLxSysy/c+lo="></latexit>

h i| ji = �ije
S0
�
1 + Oe�2S0

�

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="5ZwIUqNSpyKjSWHssvIfOuIsHVo=">AAACQHicbVDLSgMxFM3UVx1frS4FCRahbsqM741QdONGqGAf0NaSSdM2NMmEJFMsQ3/DrX6Lf+EfuBO3rkzbWdjWC4HDuY+ccwLJqDae9+GklpZXVtfS6+7G5tb2Tia7W9FhpDAp45CFqhYgTRgVpGyoYaQmFUE8YKQa9G/H/eqAKE1D8WiGkjQ56graoRgZSzXyDaPg/fHTKbyGrUzOK3iTgovAT0AOJFVqZZ2DRjvEESfCYIa0rvueNM0YKUMxIyO3EWkiEe6jLqlbKBAnuhlPRI/gkWXasBMq+4SBE/bvRoy41kMe2EmOTE/P98bkvz3ZG2qK9cz3sQo5EiLic6JM56oZUyEjQwSeaupEDJoQjsOCbaoINmxoAcKKWlsQ95BC2NhIZy61B1TqxODz1KHr2kT9+fwWQeWk4F8Uzh/OcsWbJNs02AeHIA98cAmK4A6UQBlgIMELeAVvzrvz6Xw539PRlJPs7IGZcn5+ATJyr0E=</latexit>

(tr M)3 =

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="72xg9Hvi2T/FyLBueJ6Ii/7Mqr8=">AAACPnicbVDLSgMxFM34rPXV6lKQYBFclRnfG6Hoxo1QwT6wHUsmk2lDk8yQZIrD0L9wq9/ib/gD7sStS9N2Frb1QuBw7iPnHC9iVGnb/rAWFpeWV1Zza/n1jc2t7UJxp67CWGJSwyELZdNDijAqSE1TzUgzkgRxj5GG178Z9RsDIhUNxYNOIuJy1BU0oBhpQz22tYR3TyfwCnYKJbtsjwvOAycDJZBVtVO09tt+iGNOhMYMKdVy7Ei7KZKaYkaG+XasSIRwH3VJy0CBOFFuOpY8hIeG8WEQSvOEhmP270aKuFIJ98wkR7qnZnsj8t9e1EsUxWrq+1SGHAkR8xlROrh0UyqiWBOBJ5qCmEEdwlFU0KeSYM0SAxCW1NiCuIckwtoEOnXJH9BIZQafJw7zeZOoM5vfPKgfl53z8tn9aalynWWbA3vgABwBB1yACrgFVVADGAjwAl7Bm/VufVpf1vdkdMHKdnbBVFk/v1CGrtw=</latexit>

tr M3 =

<latexit sha1_base64="mOQlI8YCWMCuhsri0W70MnN7Dl0=">AAACQXicbVDLSgMxFM3UVx1frS4FGSyCqzIjvjZC0Y3LCvYBnaFkMpk2NMnEJFMsQ7/DrX6LX+EnuBO3bkzbWdjWC4HDuY+cc0JBidKu+2EVVlbX1jeKm/bW9s7uXqm831RJKhFuoIQmsh1ChSnhuKGJprgtJIYspLgVDu4m/dYQS0US/qhHAgcM9jiJCYLaUIE/wDrzhSJdMr7plipu1Z2Wswy8HFRAXvVu2TryowSlDHONKFSq47lCBxmUmiCKx7afKiwgGsAe7hjIIcMqyKaqx86JYSInTqR5XDtT9u9GBplSIxaaSQZ1Xy32JuS/PdEfKYLU3PeZTBjkPGULonR8HWSEi1Rjjmaa4pQ6OnEmaTkRkRhpOjIAIkmMLQf1oYRIm0znLkVDIlRu8Hnm0LZNot5ifsugeVb1LqsXD+eV2m2ebREcgmNwCjxwBWrgHtRBAyDwBF7AK3iz3q1P68v6no0WrHznAMyV9fMLaxmxgg==</latexit>| ii =
<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="F01QENT1rUuys5QkhKeP404mQKo="></latexit>h i| ji =

<latexit sha1_base64="5ZwIUqNSpyKjSWHssvIfOuIsHVo=">AAACQHicbVDLSgMxFM3UVx1frS4FCRahbsqM741QdONGqGAf0NaSSdM2NMmEJFMsQ3/DrX6Lf+EfuBO3rkzbWdjWC4HDuY+ccwLJqDae9+GklpZXVtfS6+7G5tb2Tia7W9FhpDAp45CFqhYgTRgVpGyoYaQmFUE8YKQa9G/H/eqAKE1D8WiGkjQ56graoRgZSzXyDaPg/fHTKbyGrUzOK3iTgovAT0AOJFVqZZ2DRjvEESfCYIa0rvueNM0YKUMxIyO3EWkiEe6jLqlbKBAnuhlPRI/gkWXasBMq+4SBE/bvRoy41kMe2EmOTE/P98bkvz3ZG2qK9cz3sQo5EiLic6JM56oZUyEjQwSeaupEDJoQjsOCbaoINmxoAcKKWlsQ95BC2NhIZy61B1TqxODz1KHr2kT9+fwWQeWk4F8Uzh/OcsWbJNs02AeHIA98cAmK4A6UQBlgIMELeAVvzrvz6Xw539PRlJPs7IGZcn5+ATJyr0E=</latexit>

(tr M)3 =

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="72xg9Hvi2T/FyLBueJ6Ii/7Mqr8=">AAACPnicbVDLSgMxFM34rPXV6lKQYBFclRnfG6Hoxo1QwT6wHUsmk2lDk8yQZIrD0L9wq9/ib/gD7sStS9N2Frb1QuBw7iPnHC9iVGnb/rAWFpeWV1Zza/n1jc2t7UJxp67CWGJSwyELZdNDijAqSE1TzUgzkgRxj5GG178Z9RsDIhUNxYNOIuJy1BU0oBhpQz22tYR3TyfwCnYKJbtsjwvOAycDJZBVtVO09tt+iGNOhMYMKdVy7Ei7KZKaYkaG+XasSIRwH3VJy0CBOFFuOpY8hIeG8WEQSvOEhmP270aKuFIJ98wkR7qnZnsj8t9e1EsUxWrq+1SGHAkR8xlROrh0UyqiWBOBJ5qCmEEdwlFU0KeSYM0SAxCW1NiCuIckwtoEOnXJH9BIZQafJw7zeZOoM5vfPKgfl53z8tn9aalynWWbA3vgABwBB1yACrgFVVADGAjwAl7Bm/VufVpf1vdkdMHKdnbBVFk/v1CGrtw=</latexit>

tr M3 =

, i ̸= j . (3.5)

If we compare (3.4) and (3.5) we immediately notice that, as claimed in the introduction, we have

| ⟨ψi|ψj⟩ |2 ∼ ⟨ψi|ψi⟩ ⟨ψj |ψj⟩. In other words, off-diagonal matrix elements are of the same order of

magnitude as the diagonal elements.13

More generally, we have that tr(Mn) = (trM)n. As an example, consider (trM)3. The boundary

condition are given by 14

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="6ypOZLhBRyh/BIiA5+iEpSqCFzQ="></latexit>

h i| ji = �ij + O(e�2S0)
<latexit sha1_base64="AXwA3DJi+E/EEEzDQZCJvM0rVzQ=">AAACO3icbVC7TsMwFHXKq4RXCyMSsqiQmKoE8RorWBiLRB9SG1WO47SmthNspyKK+hGs8C18CDMbYmXHbTPQlitZOjr34XOOHzOqtON8WIWV1bX1jeKmvbW9s7tXKu83VZRITBo4YpFs+0gRRgVpaKoZaceSIO4z0vKHt5N+a0SkopF40GlMPI76goYUI22oFu0K8gQfe6WKU3WmBZeBm4MKyKveK1tH3SDCCSdCY4aU6rhOrL0MSU0xI2O7mygSIzxEfdIxUCBOlJdN9Y7hiWECGEbSPKHhlP27kSGuVMp9M8mRHqjF3oT8txcPUkWxmvs+kxFHQiR8QZQOr72MijjRROCZpjBhUEdwkhMMqCRYs9QAhCU1tiAeIImwNmnOXQpGNFa5weeZQ9s2ibqL+S2D5lnVvaxe3J9Xajd5tkVwCI7BKXDBFaiBO1AHDYDBELyAV/BmvVuf1pf1PRstWPnOAZgr6+cXjdKulA==</latexit>

i 6= j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="pMD9z4W7rIPwcNm4q84n7zqtsck="></latexit>

| h i| ji |2 = 1 + O(e�2S0)

<latexit sha1_base64="mOQlI8YCWMCuhsri0W70MnN7Dl0=">AAACQXicbVDLSgMxFM3UVx1frS4FGSyCqzIjvjZC0Y3LCvYBnaFkMpk2NMnEJFMsQ7/DrX6LX+EnuBO3bkzbWdjWC4HDuY+cc0JBidKu+2EVVlbX1jeKm/bW9s7uXqm831RJKhFuoIQmsh1ChSnhuKGJprgtJIYspLgVDu4m/dYQS0US/qhHAgcM9jiJCYLaUIE/wDrzhSJdMr7plipu1Z2Wswy8HFRAXvVu2TryowSlDHONKFSq47lCBxmUmiCKx7afKiwgGsAe7hjIIcMqyKaqx86JYSInTqR5XDtT9u9GBplSIxaaSQZ1Xy32JuS/PdEfKYLU3PeZTBjkPGULonR8HWSEi1Rjjmaa4pQ6OnEmaTkRkRhpOjIAIkmMLQf1oYRIm0znLkVDIlRu8Hnm0LZNot5ifsugeVb1LqsXD+eV2m2ebREcgmNwCjxwBWrgHtRBAyDwBF7AK3iz3q1P68v6no0WrHznAMyV9fMLaxmxgg==</latexit>| ii =
<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="AXwA3DJi+E/EEEzDQZCJvM0rVzQ=">AAACO3icbVC7TsMwFHXKq4RXCyMSsqiQmKoE8RorWBiLRB9SG1WO47SmthNspyKK+hGs8C18CDMbYmXHbTPQlitZOjr34XOOHzOqtON8WIWV1bX1jeKmvbW9s7tXKu83VZRITBo4YpFs+0gRRgVpaKoZaceSIO4z0vKHt5N+a0SkopF40GlMPI76goYUI22oFu0K8gQfe6WKU3WmBZeBm4MKyKveK1tH3SDCCSdCY4aU6rhOrL0MSU0xI2O7mygSIzxEfdIxUCBOlJdN9Y7hiWECGEbSPKHhlP27kSGuVMp9M8mRHqjF3oT8txcPUkWxmvs+kxFHQiR8QZQOr72MijjRROCZpjBhUEdwkhMMqCRYs9QAhCU1tiAeIImwNmnOXQpGNFa5weeZQ9s2ibqL+S2D5lnVvaxe3J9Xajd5tkVwCI7BKXDBFaiBO1AHDYDBELyAV/BmvVuf1pf1PRstWPnOAZgr6+cXjdKulA==</latexit>

i 6= j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="HyuMN9mXNIF94Vqp/mCtnvEiCaw="></latexit>

| h i| ji |2 = eS0
�
1 + O(e�2S0)

�

<latexit sha1_base64="cg25Jmh5iLv4TJ+cNUlJl1f9kMM="></latexit>

⇠ e�S0 h i| ii h j | ji

<latexit sha1_base64="ZL6pe6L3drjMh3LnLxSysy/c+lo="></latexit>

h i| ji = �ije
S0
�
1 + Oe�2S0

�

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="5ZwIUqNSpyKjSWHssvIfOuIsHVo=">AAACQHicbVDLSgMxFM3UVx1frS4FCRahbsqM741QdONGqGAf0NaSSdM2NMmEJFMsQ3/DrX6Lf+EfuBO3rkzbWdjWC4HDuY+ccwLJqDae9+GklpZXVtfS6+7G5tb2Tia7W9FhpDAp45CFqhYgTRgVpGyoYaQmFUE8YKQa9G/H/eqAKE1D8WiGkjQ56graoRgZSzXyDaPg/fHTKbyGrUzOK3iTgovAT0AOJFVqZZ2DRjvEESfCYIa0rvueNM0YKUMxIyO3EWkiEe6jLqlbKBAnuhlPRI/gkWXasBMq+4SBE/bvRoy41kMe2EmOTE/P98bkvz3ZG2qK9cz3sQo5EiLic6JM56oZUyEjQwSeaupEDJoQjsOCbaoINmxoAcKKWlsQ95BC2NhIZy61B1TqxODz1KHr2kT9+fwWQeWk4F8Uzh/OcsWbJNs02AeHIA98cAmK4A6UQBlgIMELeAVvzrvz6Xw539PRlJPs7IGZcn5+ATJyr0E=</latexit>

(tr M)3 =

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="72xg9Hvi2T/FyLBueJ6Ii/7Mqr8=">AAACPnicbVDLSgMxFM34rPXV6lKQYBFclRnfG6Hoxo1QwT6wHUsmk2lDk8yQZIrD0L9wq9/ib/gD7sStS9N2Frb1QuBw7iPnHC9iVGnb/rAWFpeWV1Zza/n1jc2t7UJxp67CWGJSwyELZdNDijAqSE1TzUgzkgRxj5GG178Z9RsDIhUNxYNOIuJy1BU0oBhpQz22tYR3TyfwCnYKJbtsjwvOAycDJZBVtVO09tt+iGNOhMYMKdVy7Ei7KZKaYkaG+XasSIRwH3VJy0CBOFFuOpY8hIeG8WEQSvOEhmP270aKuFIJ98wkR7qnZnsj8t9e1EsUxWrq+1SGHAkR8xlROrh0UyqiWBOBJ5qCmEEdwlFU0KeSYM0SAxCW1NiCuIckwtoEOnXJH9BIZQafJw7zeZOoM5vfPKgfl53z8tn9aalynWWbA3vgABwBB1yACrgFVVADGAjwAl7Bm/VufVpf1vdkdMHKdnbBVFk/v1CGrtw=</latexit>

tr M3 =

. (3.6)

In (3.6), the second row is identical to the first row. Next, we consider trM3. It is given by

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="6ypOZLhBRyh/BIiA5+iEpSqCFzQ="></latexit>

h i| ji = �ij + O(e�2S0)
<latexit sha1_base64="AXwA3DJi+E/EEEzDQZCJvM0rVzQ=">AAACO3icbVC7TsMwFHXKq4RXCyMSsqiQmKoE8RorWBiLRB9SG1WO47SmthNspyKK+hGs8C18CDMbYmXHbTPQlitZOjr34XOOHzOqtON8WIWV1bX1jeKmvbW9s7tXKu83VZRITBo4YpFs+0gRRgVpaKoZaceSIO4z0vKHt5N+a0SkopF40GlMPI76goYUI22oFu0K8gQfe6WKU3WmBZeBm4MKyKveK1tH3SDCCSdCY4aU6rhOrL0MSU0xI2O7mygSIzxEfdIxUCBOlJdN9Y7hiWECGEbSPKHhlP27kSGuVMp9M8mRHqjF3oT8txcPUkWxmvs+kxFHQiR8QZQOr72MijjRROCZpjBhUEdwkhMMqCRYs9QAhCU1tiAeIImwNmnOXQpGNFa5weeZQ9s2ibqL+S2D5lnVvaxe3J9Xajd5tkVwCI7BKXDBFaiBO1AHDYDBELyAV/BmvVuf1pf1PRstWPnOAZgr6+cXjdKulA==</latexit>

i 6= j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="pMD9z4W7rIPwcNm4q84n7zqtsck="></latexit>

| h i| ji |2 = 1 + O(e�2S0)

<latexit sha1_base64="mOQlI8YCWMCuhsri0W70MnN7Dl0=">AAACQXicbVDLSgMxFM3UVx1frS4FGSyCqzIjvjZC0Y3LCvYBnaFkMpk2NMnEJFMsQ7/DrX6LX+EnuBO3bkzbWdjWC4HDuY+cc0JBidKu+2EVVlbX1jeKm/bW9s7uXqm831RJKhFuoIQmsh1ChSnhuKGJprgtJIYspLgVDu4m/dYQS0US/qhHAgcM9jiJCYLaUIE/wDrzhSJdMr7plipu1Z2Wswy8HFRAXvVu2TryowSlDHONKFSq47lCBxmUmiCKx7afKiwgGsAe7hjIIcMqyKaqx86JYSInTqR5XDtT9u9GBplSIxaaSQZ1Xy32JuS/PdEfKYLU3PeZTBjkPGULonR8HWSEi1Rjjmaa4pQ6OnEmaTkRkRhpOjIAIkmMLQf1oYRIm0znLkVDIlRu8Hnm0LZNot5ifsugeVb1LqsXD+eV2m2ebREcgmNwCjxwBWrgHtRBAyDwBF7AK3iz3q1P68v6no0WrHznAMyV9fMLaxmxgg==</latexit>| ii =
<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="AXwA3DJi+E/EEEzDQZCJvM0rVzQ=">AAACO3icbVC7TsMwFHXKq4RXCyMSsqiQmKoE8RorWBiLRB9SG1WO47SmthNspyKK+hGs8C18CDMbYmXHbTPQlitZOjr34XOOHzOqtON8WIWV1bX1jeKmvbW9s7tXKu83VZRITBo4YpFs+0gRRgVpaKoZaceSIO4z0vKHt5N+a0SkopF40GlMPI76goYUI22oFu0K8gQfe6WKU3WmBZeBm4MKyKveK1tH3SDCCSdCY4aU6rhOrL0MSU0xI2O7mygSIzxEfdIxUCBOlJdN9Y7hiWECGEbSPKHhlP27kSGuVMp9M8mRHqjF3oT8txcPUkWxmvs+kxFHQiR8QZQOr72MijjRROCZpjBhUEdwkhMMqCRYs9QAhCU1tiAeIImwNmnOXQpGNFa5weeZQ9s2ibqL+S2D5lnVvaxe3J9Xajd5tkVwCI7BKXDBFaiBO1AHDYDBELyAV/BmvVuf1pf1PRstWPnOAZgr6+cXjdKulA==</latexit>

i 6= j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="HyuMN9mXNIF94Vqp/mCtnvEiCaw="></latexit>

| h i| ji |2 = eS0
�
1 + O(e�2S0)

�

<latexit sha1_base64="cg25Jmh5iLv4TJ+cNUlJl1f9kMM="></latexit>

⇠ e�S0 h i| ii h j | ji

<latexit sha1_base64="ZL6pe6L3drjMh3LnLxSysy/c+lo="></latexit>

h i| ji = �ije
S0
�
1 + Oe�2S0

�

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="5ZwIUqNSpyKjSWHssvIfOuIsHVo=">AAACQHicbVDLSgMxFM3UVx1frS4FCRahbsqM741QdONGqGAf0NaSSdM2NMmEJFMsQ3/DrX6Lf+EfuBO3rkzbWdjWC4HDuY+ccwLJqDae9+GklpZXVtfS6+7G5tb2Tia7W9FhpDAp45CFqhYgTRgVpGyoYaQmFUE8YKQa9G/H/eqAKE1D8WiGkjQ56graoRgZSzXyDaPg/fHTKbyGrUzOK3iTgovAT0AOJFVqZZ2DRjvEESfCYIa0rvueNM0YKUMxIyO3EWkiEe6jLqlbKBAnuhlPRI/gkWXasBMq+4SBE/bvRoy41kMe2EmOTE/P98bkvz3ZG2qK9cz3sQo5EiLic6JM56oZUyEjQwSeaupEDJoQjsOCbaoINmxoAcKKWlsQ95BC2NhIZy61B1TqxODz1KHr2kT9+fwWQeWk4F8Uzh/OcsWbJNs02AeHIA98cAmK4A6UQBlgIMELeAVvzrvz6Xw539PRlJPs7IGZcn5+ATJyr0E=</latexit>

(tr M)3 =

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="72xg9Hvi2T/FyLBueJ6Ii/7Mqr8=">AAACPnicbVDLSgMxFM34rPXV6lKQYBFclRnfG6Hoxo1QwT6wHUsmk2lDk8yQZIrD0L9wq9/ib/gD7sStS9N2Frb1QuBw7iPnHC9iVGnb/rAWFpeWV1Zza/n1jc2t7UJxp67CWGJSwyELZdNDijAqSE1TzUgzkgRxj5GG178Z9RsDIhUNxYNOIuJy1BU0oBhpQz22tYR3TyfwCnYKJbtsjwvOAycDJZBVtVO09tt+iGNOhMYMKdVy7Ei7KZKaYkaG+XasSIRwH3VJy0CBOFFuOpY8hIeG8WEQSvOEhmP270aKuFIJ98wkR7qnZnsj8t9e1EsUxWrq+1SGHAkR8xlROrh0UyqiWBOBJ5qCmEEdwlFU0KeSYM0SAxCW1NiCuIckwtoEOnXJH9BIZQafJw7zeZOoM5vfPKgfl53z8tn9aalynWWbA3vgABwBB1yACrgFVVADGAjwAl7Bm/VufVpf1vdkdMHKdnbBVFk/v1CGrtw=</latexit>

tr M3 = . (3.7)

In (3.7), the second row is a permutation of the first row. Putting everything together, the boundary

conditions in (3.6) is identical to that in (3.7). A Similar argument immediately shows the desired

result tr(Mn) = (trM)n.

Comparison to the black hole case. It is useful to contrast the above with the calculation for a

black hole where the rank of the Hilbert space is upper bounded by eS0 [21, 23, 40, 41]. The black hole

carries an end of the world brane (with flavor i) which is attached to an asymptotically AdS Euclidean

boundary. The inner products are [21]

⟨ψi|ψj⟩ ∼ δij ,

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="6ypOZLhBRyh/BIiA5+iEpSqCFzQ="></latexit>

h i| ji = �ij + O(e�2S0)
<latexit sha1_base64="AXwA3DJi+E/EEEzDQZCJvM0rVzQ=">AAACO3icbVC7TsMwFHXKq4RXCyMSsqiQmKoE8RorWBiLRB9SG1WO47SmthNspyKK+hGs8C18CDMbYmXHbTPQlitZOjr34XOOHzOqtON8WIWV1bX1jeKmvbW9s7tXKu83VZRITBo4YpFs+0gRRgVpaKoZaceSIO4z0vKHt5N+a0SkopF40GlMPI76goYUI22oFu0K8gQfe6WKU3WmBZeBm4MKyKveK1tH3SDCCSdCY4aU6rhOrL0MSU0xI2O7mygSIzxEfdIxUCBOlJdN9Y7hiWECGEbSPKHhlP27kSGuVMp9M8mRHqjF3oT8txcPUkWxmvs+kxFHQiR8QZQOr72MijjRROCZpjBhUEdwkhMMqCRYs9QAhCU1tiAeIImwNmnOXQpGNFa5weeZQ9s2ibqL+S2D5lnVvaxe3J9Xajd5tkVwCI7BKXDBFaiBO1AHDYDBELyAV/BmvVuf1pf1PRstWPnOAZgr6+cXjdKulA==</latexit>

i 6= j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="pMD9z4W7rIPwcNm4q84n7zqtsck="></latexit>

| h i| ji |2 = 1 + O(e�2S0)

<latexit sha1_base64="mOQlI8YCWMCuhsri0W70MnN7Dl0=">AAACQXicbVDLSgMxFM3UVx1frS4FGSyCqzIjvjZC0Y3LCvYBnaFkMpk2NMnEJFMsQ7/DrX6LX+EnuBO3bkzbWdjWC4HDuY+cc0JBidKu+2EVVlbX1jeKm/bW9s7uXqm831RJKhFuoIQmsh1ChSnhuKGJprgtJIYspLgVDu4m/dYQS0US/qhHAgcM9jiJCYLaUIE/wDrzhSJdMr7plipu1Z2Wswy8HFRAXvVu2TryowSlDHONKFSq47lCBxmUmiCKx7afKiwgGsAe7hjIIcMqyKaqx86JYSInTqR5XDtT9u9GBplSIxaaSQZ1Xy32JuS/PdEfKYLU3PeZTBjkPGULonR8HWSEi1Rjjmaa4pQ6OnEmaTkRkRhpOjIAIkmMLQf1oYRIm0znLkVDIlRu8Hnm0LZNot5ifsugeVb1LqsXD+eV2m2ebREcgmNwCjxwBWrgHtRBAyDwBF7AK3iz3q1P68v6no0WrHznAMyV9fMLaxmxgg==</latexit>| ii =
<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="AXwA3DJi+E/EEEzDQZCJvM0rVzQ=">AAACO3icbVC7TsMwFHXKq4RXCyMSsqiQmKoE8RorWBiLRB9SG1WO47SmthNspyKK+hGs8C18CDMbYmXHbTPQlitZOjr34XOOHzOqtON8WIWV1bX1jeKmvbW9s7tXKu83VZRITBo4YpFs+0gRRgVpaKoZaceSIO4z0vKHt5N+a0SkopF40GlMPI76goYUI22oFu0K8gQfe6WKU3WmBZeBm4MKyKveK1tH3SDCCSdCY4aU6rhOrL0MSU0xI2O7mygSIzxEfdIxUCBOlJdN9Y7hiWECGEbSPKHhlP27kSGuVMp9M8mRHqjF3oT8txcPUkWxmvs+kxFHQiR8QZQOr72MijjRROCZpjBhUEdwkhMMqCRYs9QAhCU1tiAeIImwNmnOXQpGNFa5weeZQ9s2ibqL+S2D5lnVvaxe3J9Xajd5tkVwCI7BKXDBFaiBO1AHDYDBELyAV/BmvVuf1pf1PRstWPnOAZgr6+cXjdKulA==</latexit>

i 6= j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="HyuMN9mXNIF94Vqp/mCtnvEiCaw="></latexit>

| h i| ji |2 = eS0
�
1 + O(e�2S0)

�

<latexit sha1_base64="cg25Jmh5iLv4TJ+cNUlJl1f9kMM="></latexit>

⇠ e�S0 h i| ii h j | ji

<latexit sha1_base64="ZL6pe6L3drjMh3LnLxSysy/c+lo="></latexit>

h i| ji = �ije
S0
�
1 + Oe�2S0

�

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="5ZwIUqNSpyKjSWHssvIfOuIsHVo=">AAACQHicbVDLSgMxFM3UVx1frS4FCRahbsqM741QdONGqGAf0NaSSdM2NMmEJFMsQ3/DrX6Lf+EfuBO3rkzbWdjWC4HDuY+ccwLJqDae9+GklpZXVtfS6+7G5tb2Tia7W9FhpDAp45CFqhYgTRgVpGyoYaQmFUE8YKQa9G/H/eqAKE1D8WiGkjQ56graoRgZSzXyDaPg/fHTKbyGrUzOK3iTgovAT0AOJFVqZZ2DRjvEESfCYIa0rvueNM0YKUMxIyO3EWkiEe6jLqlbKBAnuhlPRI/gkWXasBMq+4SBE/bvRoy41kMe2EmOTE/P98bkvz3ZG2qK9cz3sQo5EiLic6JM56oZUyEjQwSeaupEDJoQjsOCbaoINmxoAcKKWlsQ95BC2NhIZy61B1TqxODz1KHr2kT9+fwWQeWk4F8Uzh/OcsWbJNs02AeHIA98cAmK4A6UQBlgIMELeAVvzrvz6Xw539PRlJPs7IGZcn5+ATJyr0E=</latexit>

(tr M)3 =

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="72xg9Hvi2T/FyLBueJ6Ii/7Mqr8=">AAACPnicbVDLSgMxFM34rPXV6lKQYBFclRnfG6Hoxo1QwT6wHUsmk2lDk8yQZIrD0L9wq9/ib/gD7sStS9N2Frb1QuBw7iPnHC9iVGnb/rAWFpeWV1Zza/n1jc2t7UJxp67CWGJSwyELZdNDijAqSE1TzUgzkgRxj5GG178Z9RsDIhUNxYNOIuJy1BU0oBhpQz22tYR3TyfwCnYKJbtsjwvOAycDJZBVtVO09tt+iGNOhMYMKdVy7Ei7KZKaYkaG+XasSIRwH3VJy0CBOFFuOpY8hIeG8WEQSvOEhmP270aKuFIJ98wkR7qnZnsj8t9e1EsUxWrq+1SGHAkR8xlROrh0UyqiWBOBJ5qCmEEdwlFU0KeSYM0SAxCW1NiCuIckwtoEOnXJH9BIZQafJw7zeZOoM5vfPKgfl53z8tn9aalynWWbA3vgABwBB1yACrgFVVADGAjwAl7Bm/VufVpf1vdkdMHKdnbBVFk/v1CGrtw=</latexit>

tr M3 =

<latexit sha1_base64="mOQlI8YCWMCuhsri0W70MnN7Dl0=">AAACQXicbVDLSgMxFM3UVx1frS4FGSyCqzIjvjZC0Y3LCvYBnaFkMpk2NMnEJFMsQ7/DrX6LX+EnuBO3bkzbWdjWC4HDuY+cc0JBidKu+2EVVlbX1jeKm/bW9s7uXqm831RJKhFuoIQmsh1ChSnhuKGJprgtJIYspLgVDu4m/dYQS0US/qhHAgcM9jiJCYLaUIE/wDrzhSJdMr7plipu1Z2Wswy8HFRAXvVu2TryowSlDHONKFSq47lCBxmUmiCKx7afKiwgGsAe7hjIIcMqyKaqx86JYSInTqR5XDtT9u9GBplSIxaaSQZ1Xy32JuS/PdEfKYLU3PeZTBjkPGULonR8HWSEi1Rjjmaa4pQ6OnEmaTkRkRhpOjIAIkmMLQf1oYRIm0znLkVDIlRu8Hnm0LZNot5ifsugeVb1LqsXD+eV2m2ebREcgmNwCjxwBWrgHtRBAyDwBF7AK3iz3q1P68v6no0WrHznAMyV9fMLaxmxgg==</latexit>| ii =
<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="F01QENT1rUuys5QkhKeP404mQKo="></latexit>h i| ji =

<latexit sha1_base64="5ZwIUqNSpyKjSWHssvIfOuIsHVo=">AAACQHicbVDLSgMxFM3UVx1frS4FCRahbsqM741QdONGqGAf0NaSSdM2NMmEJFMsQ3/DrX6Lf+EfuBO3rkzbWdjWC4HDuY+ccwLJqDae9+GklpZXVtfS6+7G5tb2Tia7W9FhpDAp45CFqhYgTRgVpGyoYaQmFUE8YKQa9G/H/eqAKE1D8WiGkjQ56graoRgZSzXyDaPg/fHTKbyGrUzOK3iTgovAT0AOJFVqZZ2DRjvEESfCYIa0rvueNM0YKUMxIyO3EWkiEe6jLqlbKBAnuhlPRI/gkWXasBMq+4SBE/bvRoy41kMe2EmOTE/P98bkvz3ZG2qK9cz3sQo5EiLic6JM56oZUyEjQwSeaupEDJoQjsOCbaoINmxoAcKKWlsQ95BC2NhIZy61B1TqxODz1KHr2kT9+fwWQeWk4F8Uzh/OcsWbJNs02AeHIA98cAmK4A6UQBlgIMELeAVvzrvz6Xw539PRlJPs7IGZcn5+ATJyr0E=</latexit>

(tr M)3 =

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="72xg9Hvi2T/FyLBueJ6Ii/7Mqr8=">AAACPnicbVDLSgMxFM34rPXV6lKQYBFclRnfG6Hoxo1QwT6wHUsmk2lDk8yQZIrD0L9wq9/ib/gD7sStS9N2Frb1QuBw7iPnHC9iVGnb/rAWFpeWV1Zza/n1jc2t7UJxp67CWGJSwyELZdNDijAqSE1TzUgzkgRxj5GG178Z9RsDIhUNxYNOIuJy1BU0oBhpQz22tYR3TyfwCnYKJbtsjwvOAycDJZBVtVO09tt+iGNOhMYMKdVy7Ei7KZKaYkaG+XasSIRwH3VJy0CBOFFuOpY8hIeG8WEQSvOEhmP270aKuFIJ98wkR7qnZnsj8t9e1EsUxWrq+1SGHAkR8xlROrh0UyqiWBOBJ5qCmEEdwlFU0KeSYM0SAxCW1NiCuIckwtoEOnXJH9BIZQafJw7zeZOoM5vfPKgfl53z8tn9aalynWWbA3vgABwBB1yACrgFVVADGAjwAl7Bm/VufVpf1vdkdMHKdnbBVFk/v1CGrtw=</latexit>

tr M3 =

, |⟨ψi|ψj⟩|2 ∼ e−S0 ,

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="6ypOZLhBRyh/BIiA5+iEpSqCFzQ="></latexit>

h i| ji = �ij + O(e�2S0)
<latexit sha1_base64="AXwA3DJi+E/EEEzDQZCJvM0rVzQ=">AAACO3icbVC7TsMwFHXKq4RXCyMSsqiQmKoE8RorWBiLRB9SG1WO47SmthNspyKK+hGs8C18CDMbYmXHbTPQlitZOjr34XOOHzOqtON8WIWV1bX1jeKmvbW9s7tXKu83VZRITBo4YpFs+0gRRgVpaKoZaceSIO4z0vKHt5N+a0SkopF40GlMPI76goYUI22oFu0K8gQfe6WKU3WmBZeBm4MKyKveK1tH3SDCCSdCY4aU6rhOrL0MSU0xI2O7mygSIzxEfdIxUCBOlJdN9Y7hiWECGEbSPKHhlP27kSGuVMp9M8mRHqjF3oT8txcPUkWxmvs+kxFHQiR8QZQOr72MijjRROCZpjBhUEdwkhMMqCRYs9QAhCU1tiAeIImwNmnOXQpGNFa5weeZQ9s2ibqL+S2D5lnVvaxe3J9Xajd5tkVwCI7BKXDBFaiBO1AHDYDBELyAV/BmvVuf1pf1PRstWPnOAZgr6+cXjdKulA==</latexit>

i 6= j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="pMD9z4W7rIPwcNm4q84n7zqtsck="></latexit>

| h i| ji |2 = 1 + O(e�2S0)

<latexit sha1_base64="mOQlI8YCWMCuhsri0W70MnN7Dl0=">AAACQXicbVDLSgMxFM3UVx1frS4FGSyCqzIjvjZC0Y3LCvYBnaFkMpk2NMnEJFMsQ7/DrX6LX+EnuBO3bkzbWdjWC4HDuY+cc0JBidKu+2EVVlbX1jeKm/bW9s7uXqm831RJKhFuoIQmsh1ChSnhuKGJprgtJIYspLgVDu4m/dYQS0US/qhHAgcM9jiJCYLaUIE/wDrzhSJdMr7plipu1Z2Wswy8HFRAXvVu2TryowSlDHONKFSq47lCBxmUmiCKx7afKiwgGsAe7hjIIcMqyKaqx86JYSInTqR5XDtT9u9GBplSIxaaSQZ1Xy32JuS/PdEfKYLU3PeZTBjkPGULonR8HWSEi1Rjjmaa4pQ6OnEmaTkRkRhpOjIAIkmMLQf1oYRIm0znLkVDIlRu8Hnm0LZNot5ifsugeVb1LqsXD+eV2m2ebREcgmNwCjxwBWrgHtRBAyDwBF7AK3iz3q1P68v6no0WrHznAMyV9fMLaxmxgg==</latexit>| ii =
<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="AXwA3DJi+E/EEEzDQZCJvM0rVzQ=">AAACO3icbVC7TsMwFHXKq4RXCyMSsqiQmKoE8RorWBiLRB9SG1WO47SmthNspyKK+hGs8C18CDMbYmXHbTPQlitZOjr34XOOHzOqtON8WIWV1bX1jeKmvbW9s7tXKu83VZRITBo4YpFs+0gRRgVpaKoZaceSIO4z0vKHt5N+a0SkopF40GlMPI76goYUI22oFu0K8gQfe6WKU3WmBZeBm4MKyKveK1tH3SDCCSdCY4aU6rhOrL0MSU0xI2O7mygSIzxEfdIxUCBOlJdN9Y7hiWECGEbSPKHhlP27kSGuVMp9M8mRHqjF3oT8txcPUkWxmvs+kxFHQiR8QZQOr72MijjRROCZpjBhUEdwkhMMqCRYs9QAhCU1tiAeIImwNmnOXQpGNFa5weeZQ9s2ibqL+S2D5lnVvaxe3J9Xajd5tkVwCI7BKXDBFaiBO1AHDYDBELyAV/BmvVuf1pf1PRstWPnOAZgr6+cXjdKulA==</latexit>

i 6= j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="HyuMN9mXNIF94Vqp/mCtnvEiCaw="></latexit>

| h i| ji |2 = eS0
�
1 + O(e�2S0)

�

<latexit sha1_base64="cg25Jmh5iLv4TJ+cNUlJl1f9kMM="></latexit>

⇠ e�S0 h i| ii h j | ji

<latexit sha1_base64="ZL6pe6L3drjMh3LnLxSysy/c+lo="></latexit>

h i| ji = �ije
S0
�
1 + Oe�2S0

�

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="5ZwIUqNSpyKjSWHssvIfOuIsHVo=">AAACQHicbVDLSgMxFM3UVx1frS4FCRahbsqM741QdONGqGAf0NaSSdM2NMmEJFMsQ3/DrX6Lf+EfuBO3rkzbWdjWC4HDuY+ccwLJqDae9+GklpZXVtfS6+7G5tb2Tia7W9FhpDAp45CFqhYgTRgVpGyoYaQmFUE8YKQa9G/H/eqAKE1D8WiGkjQ56graoRgZSzXyDaPg/fHTKbyGrUzOK3iTgovAT0AOJFVqZZ2DRjvEESfCYIa0rvueNM0YKUMxIyO3EWkiEe6jLqlbKBAnuhlPRI/gkWXasBMq+4SBE/bvRoy41kMe2EmOTE/P98bkvz3ZG2qK9cz3sQo5EiLic6JM56oZUyEjQwSeaupEDJoQjsOCbaoINmxoAcKKWlsQ95BC2NhIZy61B1TqxODz1KHr2kT9+fwWQeWk4F8Uzh/OcsWbJNs02AeHIA98cAmK4A6UQBlgIMELeAVvzrvz6Xw539PRlJPs7IGZcn5+ATJyr0E=</latexit>

(tr M)3 =

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="72xg9Hvi2T/FyLBueJ6Ii/7Mqr8=">AAACPnicbVDLSgMxFM34rPXV6lKQYBFclRnfG6Hoxo1QwT6wHUsmk2lDk8yQZIrD0L9wq9/ib/gD7sStS9N2Frb1QuBw7iPnHC9iVGnb/rAWFpeWV1Zza/n1jc2t7UJxp67CWGJSwyELZdNDijAqSE1TzUgzkgRxj5GG178Z9RsDIhUNxYNOIuJy1BU0oBhpQz22tYR3TyfwCnYKJbtsjwvOAycDJZBVtVO09tt+iGNOhMYMKdVy7Ei7KZKaYkaG+XasSIRwH3VJy0CBOFFuOpY8hIeG8WEQSvOEhmP270aKuFIJ98wkR7qnZnsj8t9e1EsUxWrq+1SGHAkR8xlROrh0UyqiWBOBJ5qCmEEdwlFU0KeSYM0SAxCW1NiCuIckwtoEOnXJH9BIZQafJw7zeZOoM5vfPKgfl53z8tn9aalynWWbA3vgABwBB1yACrgFVVADGAjwAl7Bm/VufVpf1vdkdMHKdnbBVFk/v1CGrtw=</latexit>

tr M3 =

<latexit sha1_base64="mOQlI8YCWMCuhsri0W70MnN7Dl0=">AAACQXicbVDLSgMxFM3UVx1frS4FGSyCqzIjvjZC0Y3LCvYBnaFkMpk2NMnEJFMsQ7/DrX6LX+EnuBO3bkzbWdjWC4HDuY+cc0JBidKu+2EVVlbX1jeKm/bW9s7uXqm831RJKhFuoIQmsh1ChSnhuKGJprgtJIYspLgVDu4m/dYQS0US/qhHAgcM9jiJCYLaUIE/wDrzhSJdMr7plipu1Z2Wswy8HFRAXvVu2TryowSlDHONKFSq47lCBxmUmiCKx7afKiwgGsAe7hjIIcMqyKaqx86JYSInTqR5XDtT9u9GBplSIxaaSQZ1Xy32JuS/PdEfKYLU3PeZTBjkPGULonR8HWSEi1Rjjmaa4pQ6OnEmaTkRkRhpOjIAIkmMLQf1oYRIm0znLkVDIlRu8Hnm0LZNot5ifsugeVb1LqsXD+eV2m2ebREcgmNwCjxwBWrgHtRBAyDwBF7AK3iz3q1P68v6no0WrHznAMyV9fMLaxmxgg==</latexit>| ii =
<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="F01QENT1rUuys5QkhKeP404mQKo="></latexit>h i| ji =

<latexit sha1_base64="5ZwIUqNSpyKjSWHssvIfOuIsHVo=">AAACQHicbVDLSgMxFM3UVx1frS4FCRahbsqM741QdONGqGAf0NaSSdM2NMmEJFMsQ3/DrX6Lf+EfuBO3rkzbWdjWC4HDuY+ccwLJqDae9+GklpZXVtfS6+7G5tb2Tia7W9FhpDAp45CFqhYgTRgVpGyoYaQmFUE8YKQa9G/H/eqAKE1D8WiGkjQ56graoRgZSzXyDaPg/fHTKbyGrUzOK3iTgovAT0AOJFVqZZ2DRjvEESfCYIa0rvueNM0YKUMxIyO3EWkiEe6jLqlbKBAnuhlPRI/gkWXasBMq+4SBE/bvRoy41kMe2EmOTE/P98bkvz3ZG2qK9cz3sQo5EiLic6JM56oZUyEjQwSeaupEDJoQjsOCbaoINmxoAcKKWlsQ95BC2NhIZy61B1TqxODz1KHr2kT9+fwWQeWk4F8Uzh/OcsWbJNs02AeHIA98cAmK4A6UQBlgIMELeAVvzrvz6Xw539PRlJPs7IGZcn5+ATJyr0E=</latexit>

(tr M)3 =

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="72xg9Hvi2T/FyLBueJ6Ii/7Mqr8=">AAACPnicbVDLSgMxFM34rPXV6lKQYBFclRnfG6Hoxo1QwT6wHUsmk2lDk8yQZIrD0L9wq9/ib/gD7sStS9N2Frb1QuBw7iPnHC9iVGnb/rAWFpeWV1Zza/n1jc2t7UJxp67CWGJSwyELZdNDijAqSE1TzUgzkgRxj5GG178Z9RsDIhUNxYNOIuJy1BU0oBhpQz22tYR3TyfwCnYKJbtsjwvOAycDJZBVtVO09tt+iGNOhMYMKdVy7Ei7KZKaYkaG+XasSIRwH3VJy0CBOFFuOpY8hIeG8WEQSvOEhmP270aKuFIJ98wkR7qnZnsj8t9e1EsUxWrq+1SGHAkR8xlROrh0UyqiWBOBJ5qCmEEdwlFU0KeSYM0SAxCW1NiCuIckwtoEOnXJH9BIZQafJw7zeZOoM5vfPKgfl53z8tn9aalynWWbA3vgABwBB1yACrgFVVADGAjwAl7Bm/VufVpf1vdkdMHKdnbBVFk/v1CGrtw=</latexit>

tr M3 =

. (3.8)

Off-diagonal matrix elements are suppressed by e−S0/2 relative to the diagonal, and so we expect

non-perturbative effects to not be important until late times or when one considers very complex

13 Since these inner products are computed using the gravitational path integral they should be interpreted as ensemble
averaged quantities [38, 39].
14 In (3.6) and (3.7), contributions from repeated indices will be summed over.
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quantities.

Let us see why tr(Mn) ̸= tr(M)n for the black hole case, which allows for a larger dimensional

Hilbert space. We again compare (trM)3 and tr
(
M3
)
, we have

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="6ypOZLhBRyh/BIiA5+iEpSqCFzQ="></latexit>

h i| ji = �ij + O(e�2S0)
<latexit sha1_base64="AXwA3DJi+E/EEEzDQZCJvM0rVzQ=">AAACO3icbVC7TsMwFHXKq4RXCyMSsqiQmKoE8RorWBiLRB9SG1WO47SmthNspyKK+hGs8C18CDMbYmXHbTPQlitZOjr34XOOHzOqtON8WIWV1bX1jeKmvbW9s7tXKu83VZRITBo4YpFs+0gRRgVpaKoZaceSIO4z0vKHt5N+a0SkopF40GlMPI76goYUI22oFu0K8gQfe6WKU3WmBZeBm4MKyKveK1tH3SDCCSdCY4aU6rhOrL0MSU0xI2O7mygSIzxEfdIxUCBOlJdN9Y7hiWECGEbSPKHhlP27kSGuVMp9M8mRHqjF3oT8txcPUkWxmvs+kxFHQiR8QZQOr72MijjRROCZpjBhUEdwkhMMqCRYs9QAhCU1tiAeIImwNmnOXQpGNFa5weeZQ9s2ibqL+S2D5lnVvaxe3J9Xajd5tkVwCI7BKXDBFaiBO1AHDYDBELyAV/BmvVuf1pf1PRstWPnOAZgr6+cXjdKulA==</latexit>

i 6= j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="pMD9z4W7rIPwcNm4q84n7zqtsck="></latexit>

| h i| ji |2 = 1 + O(e�2S0)

<latexit sha1_base64="mOQlI8YCWMCuhsri0W70MnN7Dl0=">AAACQXicbVDLSgMxFM3UVx1frS4FGSyCqzIjvjZC0Y3LCvYBnaFkMpk2NMnEJFMsQ7/DrX6LX+EnuBO3bkzbWdjWC4HDuY+cc0JBidKu+2EVVlbX1jeKm/bW9s7uXqm831RJKhFuoIQmsh1ChSnhuKGJprgtJIYspLgVDu4m/dYQS0US/qhHAgcM9jiJCYLaUIE/wDrzhSJdMr7plipu1Z2Wswy8HFRAXvVu2TryowSlDHONKFSq47lCBxmUmiCKx7afKiwgGsAe7hjIIcMqyKaqx86JYSInTqR5XDtT9u9GBplSIxaaSQZ1Xy32JuS/PdEfKYLU3PeZTBjkPGULonR8HWSEi1Rjjmaa4pQ6OnEmaTkRkRhpOjIAIkmMLQf1oYRIm0znLkVDIlRu8Hnm0LZNot5ifsugeVb1LqsXD+eV2m2ebREcgmNwCjxwBWrgHtRBAyDwBF7AK3iz3q1P68v6no0WrHznAMyV9fMLaxmxgg==</latexit>| ii =
<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="AXwA3DJi+E/EEEzDQZCJvM0rVzQ=">AAACO3icbVC7TsMwFHXKq4RXCyMSsqiQmKoE8RorWBiLRB9SG1WO47SmthNspyKK+hGs8C18CDMbYmXHbTPQlitZOjr34XOOHzOqtON8WIWV1bX1jeKmvbW9s7tXKu83VZRITBo4YpFs+0gRRgVpaKoZaceSIO4z0vKHt5N+a0SkopF40GlMPI76goYUI22oFu0K8gQfe6WKU3WmBZeBm4MKyKveK1tH3SDCCSdCY4aU6rhOrL0MSU0xI2O7mygSIzxEfdIxUCBOlJdN9Y7hiWECGEbSPKHhlP27kSGuVMp9M8mRHqjF3oT8txcPUkWxmvs+kxFHQiR8QZQOr72MijjRROCZpjBhUEdwkhMMqCRYs9QAhCU1tiAeIImwNmnOXQpGNFa5weeZQ9s2ibqL+S2D5lnVvaxe3J9Xajd5tkVwCI7BKXDBFaiBO1AHDYDBELyAV/BmvVuf1pf1PRstWPnOAZgr6+cXjdKulA==</latexit>

i 6= j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="HyuMN9mXNIF94Vqp/mCtnvEiCaw="></latexit>

| h i| ji |2 = eS0
�
1 + O(e�2S0)

�

<latexit sha1_base64="cg25Jmh5iLv4TJ+cNUlJl1f9kMM="></latexit>

⇠ e�S0 h i| ii h j | ji

<latexit sha1_base64="ZL6pe6L3drjMh3LnLxSysy/c+lo="></latexit>

h i| ji = �ije
S0
�
1 + Oe�2S0

�

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="5ZwIUqNSpyKjSWHssvIfOuIsHVo=">AAACQHicbVDLSgMxFM3UVx1frS4FCRahbsqM741QdONGqGAf0NaSSdM2NMmEJFMsQ3/DrX6Lf+EfuBO3rkzbWdjWC4HDuY+ccwLJqDae9+GklpZXVtfS6+7G5tb2Tia7W9FhpDAp45CFqhYgTRgVpGyoYaQmFUE8YKQa9G/H/eqAKE1D8WiGkjQ56graoRgZSzXyDaPg/fHTKbyGrUzOK3iTgovAT0AOJFVqZZ2DRjvEESfCYIa0rvueNM0YKUMxIyO3EWkiEe6jLqlbKBAnuhlPRI/gkWXasBMq+4SBE/bvRoy41kMe2EmOTE/P98bkvz3ZG2qK9cz3sQo5EiLic6JM56oZUyEjQwSeaupEDJoQjsOCbaoINmxoAcKKWlsQ95BC2NhIZy61B1TqxODz1KHr2kT9+fwWQeWk4F8Uzh/OcsWbJNs02AeHIA98cAmK4A6UQBlgIMELeAVvzrvz6Xw539PRlJPs7IGZcn5+ATJyr0E=</latexit>

(tr M)3 =

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="72xg9Hvi2T/FyLBueJ6Ii/7Mqr8=">AAACPnicbVDLSgMxFM34rPXV6lKQYBFclRnfG6Hoxo1QwT6wHUsmk2lDk8yQZIrD0L9wq9/ib/gD7sStS9N2Frb1QuBw7iPnHC9iVGnb/rAWFpeWV1Zza/n1jc2t7UJxp67CWGJSwyELZdNDijAqSE1TzUgzkgRxj5GG178Z9RsDIhUNxYNOIuJy1BU0oBhpQz22tYR3TyfwCnYKJbtsjwvOAycDJZBVtVO09tt+iGNOhMYMKdVy7Ei7KZKaYkaG+XasSIRwH3VJy0CBOFFuOpY8hIeG8WEQSvOEhmP270aKuFIJ98wkR7qnZnsj8t9e1EsUxWrq+1SGHAkR8xlROrh0UyqiWBOBJ5qCmEEdwlFU0KeSYM0SAxCW1NiCuIckwtoEOnXJH9BIZQafJw7zeZOoM5vfPKgfl53z8tn9aalynWWbA3vgABwBB1yACrgFVVADGAjwAl7Bm/VufVpf1vdkdMHKdnbBVFk/v1CGrtw=</latexit>

tr M3 =

<latexit sha1_base64="mOQlI8YCWMCuhsri0W70MnN7Dl0=">AAACQXicbVDLSgMxFM3UVx1frS4FGSyCqzIjvjZC0Y3LCvYBnaFkMpk2NMnEJFMsQ7/DrX6LX+EnuBO3bkzbWdjWC4HDuY+cc0JBidKu+2EVVlbX1jeKm/bW9s7uXqm831RJKhFuoIQmsh1ChSnhuKGJprgtJIYspLgVDu4m/dYQS0US/qhHAgcM9jiJCYLaUIE/wDrzhSJdMr7plipu1Z2Wswy8HFRAXvVu2TryowSlDHONKFSq47lCBxmUmiCKx7afKiwgGsAe7hjIIcMqyKaqx86JYSInTqR5XDtT9u9GBplSIxaaSQZ1Xy32JuS/PdEfKYLU3PeZTBjkPGULonR8HWSEi1Rjjmaa4pQ6OnEmaTkRkRhpOjIAIkmMLQf1oYRIm0znLkVDIlRu8Hnm0LZNot5ifsugeVb1LqsXD+eV2m2ebREcgmNwCjxwBWrgHtRBAyDwBF7AK3iz3q1P68v6no0WrHznAMyV9fMLaxmxgg==</latexit>| ii =
<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i
<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="F01QENT1rUuys5QkhKeP404mQKo="></latexit>h i| ji =

<latexit sha1_base64="5ZwIUqNSpyKjSWHssvIfOuIsHVo=">AAACQHicbVDLSgMxFM3UVx1frS4FCRahbsqM741QdONGqGAf0NaSSdM2NMmEJFMsQ3/DrX6Lf+EfuBO3rkzbWdjWC4HDuY+ccwLJqDae9+GklpZXVtfS6+7G5tb2Tia7W9FhpDAp45CFqhYgTRgVpGyoYaQmFUE8YKQa9G/H/eqAKE1D8WiGkjQ56graoRgZSzXyDaPg/fHTKbyGrUzOK3iTgovAT0AOJFVqZZ2DRjvEESfCYIa0rvueNM0YKUMxIyO3EWkiEe6jLqlbKBAnuhlPRI/gkWXasBMq+4SBE/bvRoy41kMe2EmOTE/P98bkvz3ZG2qK9cz3sQo5EiLic6JM56oZUyEjQwSeaupEDJoQjsOCbaoINmxoAcKKWlsQ95BC2NhIZy61B1TqxODz1KHr2kT9+fwWQeWk4F8Uzh/OcsWbJNs02AeHIA98cAmK4A6UQBlgIMELeAVvzrvz6Xw539PRlJPs7IGZcn5+ATJyr0E=</latexit>

(tr M)3 =

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="s0UoZIgEqfpEbFJCCJuJwJswenA=">AAACNXicbVDLSgMxFE3qq46vVpeCDBbBVZkRX8uiG5ct2Ae0Q8lkMm1skhmSTHEY+gVu9Vv8FhfuxK2/YNrOwrZeCBzOfeSc48eMKu04H7Cwtr6xuVXctnZ29/YPSuXDlooSiUkTRyySHR8pwqggTU01I51YEsR9Rtr+6H7ab4+JVDQSjzqNicfRQNCQYqQN1XjqlypO1ZmVvQrcHFRAXvV+GZ70gggnnAiNGVKq6zqx9jIkNcWMTKxeokiM8AgNSNdAgThRXjZTOrHPDBPYYSTNE9qesX83MsSVSrlvJjnSQ7Xcm5L/9uJhqihWC99nMuJIiIQvidLhrZdRESeaCDzXFCbM1pE9TcgOqCRYs9QAhCU1tmw8RBJhbXJcuBSMaaxyg89zh5ZlEnWX81sFrYuqe129alxWand5tkVwDE7BOXDBDaiBB1AHTYABAS/gFbzBd/gJv+D3fLQA850jsFDw5xe5n6wv</latexit>

j

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="2jXqFaA85SGzdA49Rge+1MpG75Y=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZTBuaF0mmWIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi1Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcioYP035rhJUmgj+ZscQhg31OEoKgsVR92CuW/Yo/K28VBDkog7xqvZJz2o0FShnmBlGodSfwpQkzqAxBFE/cbqqxhGgI+7hjIYcM6zCbKZ1455aJvUQo+7jxZuzfjQwyrccsspMMmoFe7k3Jf3tyMNYE6YXvMyUY5DxlS6JMchdmhMvUYI7mmpKUekZ404S8mCiMDB1bAJEi1paHBlBBZGyOC5fiEZE6N/g8d+i6NtFgOb9V0LysBDeV6/pVuXqfZ1sAJ+AMXIAA3IIqeAQ10AAIYPACXsGb8+58Ol/O93x0zcl3jsFCOT+/u3CsMA==</latexit>

k

<latexit sha1_base64="nRj1q/KdwSFrxM84JYoQ7kBvRXo=">AAACNXicbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmUL9gHtUDKZtA3NiyRTHIZ+gVv9Fr/FhTtx6y+YtrOwrRcCh3MfOedEkhJtfP/DWVvf2NzaLuy4u3v7B4fF0lFTi0Qh3ECCCtWOoMaUcNwwxFDclgpDFlHcikYP035rjJUmgj+ZVOKQwQEnfYKgsVSd9Iplv+LPylsFQQ7KIK9ar+ScdmOBEoa5QRRq3Ql8acIMKkMQxRO3m2gsIRrBAe5YyCHDOsxmSifeuWViry+Ufdx4M/bvRgaZ1imL7CSDZqiXe1Py354cppogvfB9pgSDnCdsSZTp34UZ4TIxmKO5pn5CPSO8aUJeTBRGhqYWQKSIteWhIVQQGZvjwqV4TKTODT7PHbquTTRYzm8VNC8rwU3lun5Vrt7n2RbACTgDFyAAt6AKHkENNAACGLyAV/DmvDufzpfzPR9dc/KdY7BQzs8vt86sLg==</latexit>

i

<latexit sha1_base64="72xg9Hvi2T/FyLBueJ6Ii/7Mqr8=">AAACPnicbVDLSgMxFM34rPXV6lKQYBFclRnfG6Hoxo1QwT6wHUsmk2lDk8yQZIrD0L9wq9/ib/gD7sStS9N2Frb1QuBw7iPnHC9iVGnb/rAWFpeWV1Zza/n1jc2t7UJxp67CWGJSwyELZdNDijAqSE1TzUgzkgRxj5GG178Z9RsDIhUNxYNOIuJy1BU0oBhpQz22tYR3TyfwCnYKJbtsjwvOAycDJZBVtVO09tt+iGNOhMYMKdVy7Ei7KZKaYkaG+XasSIRwH3VJy0CBOFFuOpY8hIeG8WEQSvOEhmP270aKuFIJ98wkR7qnZnsj8t9e1EsUxWrq+1SGHAkR8xlROrh0UyqiWBOBJ5qCmEEdwlFU0KeSYM0SAxCW1NiCuIckwtoEOnXJH9BIZQafJw7zeZOoM5vfPKgfl53z8tn9aalynWWbA3vgABwBB1yACrgFVVADGAjwAl7Bm/VufVpf1vdkdMHKdnbBVFk/v1CGrtw=</latexit>

tr M3 =

(3.9)

The presence of the asymptotic boundary crucially breaks the permutation symmetry of the boundary

conditions, so the two quantities are clearly not equal. This is because the Cauchy slice defining the

black hole state contain a boundary.

Brief review of alpha states/sectors. It was pointed out in [42–44] that including spacetime

wormholes in the path integral is equivalent to an uncertainty in the coupling constants of the theory.

The couplings are conventionally denoted by α, and an α-sector is when the couplings are fixed. In some

special settings it has been shown that gravitational path integrals compute quantities that are averaged

over different α-sectors in an ensemble of theories. Well-known examples include pure JT gravity and

its various variants [38]. In such theories, the gravity path integral evaluated with boundary conditions

Z is to be understood as computing

⟨Z⟩ =
∫
dαP (α)Zα . (3.10)

In the above Zα is the value of a partition function in the sector α, and P (α) is a probability measure

for distinct sectors.

Connection to Marolf-Maxfield Model. We briefly point out the connection of our topological

model to the Marolf-Maxfield (MM) model [20].15 In the MM model, the basic object is the operator

Z which creates an asymptotic boundary. We can evaluate Zn with n ∈ N in some state of closed

universes. The simplest choice is the Hartle-Hawking state

⟨HH|Zn|HH⟩ . (3.11)

15 We thank Douglas Stanford for emphasizing this point to us.

17



In our case, we can interpret the matrix Mij as inserting operators Zi, Zj of flavored circles. The

evaluation of our amplitude can then be written as

⟨HH|ZiZj |HH⟩ , (3.12)

with higher moments following from the above.

3.2 Ensemble averaging and the distribution of trM

In the previous subsection we came to two conclusions: non-perturbatively we have rank(M) = 1

and that trM should not be thought of as a fixed number but as a random variable evaluated over a

probability distribution over α-sectors

⟨trM⟩ =
∫
dαP (α) trMα . (3.13)

Within each α-sector trM is given by a particular eigenvalue, but this eigenvalue can take different

values in different members of the ensemble.

In this section we will evaluate this probability distribution in the special limit where we exclude

higher genus effects by setting eS0 = ∞. One way to extract the probability distribution for trM is to

compute all higher moments tr(Mn).16 Since we are suppressing higher genus effects the only geometries

that contribute are cylinders. The computation of trMn reduces to the problem of wick contractions

of the same flavored cylinders. In this case we can easily solve for the probability distribution. We can

represent each state by a zero-dimensional dot carrying flavor index i.

1 2 3 4 5
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<latexit sha1_base64="LAn3ousxIUxLu3vHU/5BaoC7s90=">AAACPXicbVDLSgMxFM3UVx1frS4FCRbBVZkRXxuh6MZlBfuQdiiZTKYNTTJDkikOQ7/CrX6L3+EHuBO3bk3bWdjWC4HDuY+cc/yYUaUd58MqrKyurW8UN+2t7Z3dvVJ5v6miRGLSwBGLZNtHijAqSENTzUg7lgRxn5GWP7yb9FsjIhWNxKNOY+Jx1Bc0pBhpQz11h0RndAxveqWKU3WmBZeBm4MKyKveK1tH3SDCCSdCY4aU6rhOrL0MSU0xI2O7mygSIzxEfdIxUCBOlJdNFY/hiWECGEbSPKHhlP27kSGuVMp9M8mRHqjF3oT8txcPUkWxmvs+kxFHQiR8QZQOr72MijjRROCZpjBhUEdwkhQMqCRYs9QAhCU1tiAeIImwNnnOXQpGNFa5weeZQ9s2ibqL+S2D5lnVvaxePJxXard5tkVwCI7BKXDBFaiBe1AHDYABBy/gFbxZ79an9WV9z0YLVr5zAObK+vkFT6yvcw==</latexit>|ii =
<latexit sha1_base64="wJAXz7yccviOjFwD/GlBcGzh9XI=">AAACRnicbVDLTgIxFL2DL8QX6NLENBITV2TG+NqYEN24xETAhJmQTilQaTuTtkMkE/7ErX6Lv+BPuDNuLTALAW/S5OTcR885YcyZNq776eRWVtfWN/Kbha3tnd29Ymm/oaNEEVonEY/UU4g15UzSumGG06dYUSxCTpvh4G7Sbw6p0iySj2YU00DgnmRdRrCxVLtY9EOFUzb2B9Skz2N00y6W3Yo7LbQMvAyUIatau+Qc+Z2IJIJKQzjWuuW5sQlSrAwjnI4LfqJpjMkA92jLQokF1UE6lT5GJ5bpoG6k7JMGTdm/GykWWo9EaCcFNn292JuQ//bi/kgzoue+T1UksJSJWBBlutdBymScGCrJTFM34chEaBIZ6jBFieEjCzBRzNpCpI8VJsYGO3epM2Sxzgy+zBwWCjZRbzG/ZdA4q3iXlYuH83L1Nss2D4dwDKfgwRVU4R5qUAcCQ3iFN3h3Ppwv59v5mY3mnGznAOYqB79Tc7He</latexit>hi|ji =

<latexit sha1_base64="eTlYIkWCAdJuMw2y5c3dSdGNb/k=">AAACNnicbVDLSgMxFE3qq46vVpeCDBbBVZkRXxuh6MZlFfuAdiiZTKYNTTJDkikOQ//ArX6Lv+LGnbj1E0zbWdjWC4HDuY+cc/yYUaUd5wMWVlbX1jeKm9bW9s7uXqm831RRIjFp4IhFsu0jRRgVpKGpZqQdS4K4z0jLH95N+q0RkYpG4kmnMfE46gsaUoy0oR5v3F6p4lSdadnLwM1BBeRV75XhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU6lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV57GRVxoonAM01hwmwd2ZOI7IBKgjVLDUBYUmPLxgMkEdYmyLlLwYjGKjf4PHNoWSZRdzG/ZdA8q7qX1YuH80rtNs+2CA7BMTgFLrgCNXAP6qABMAjBC3gFb/AdfsIv+D0bLcB85wDMFfz5BeZRrD0=</latexit>

= 1

(3.14)
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= 1
(3.15)

We assign each dot i a random Gaussian variable Ai with mean 0 and variance 1. Ai’s are independent

for different i. Then we have the distribution

Mij = ⟨i|j⟩ = AiAj , ⟨trMn⟩ =
k∏

i=1

∫
dAi√
2π

exp

(
−A

2
i

2

)( k∑

i=1

AiAi

)n

. (3.16)

In gravity language, the above probability distribution wick contracts circles of the same flavor. We

16 With the rules defined by the gravity path integral, bras and kets can connect with each other. This implies that the
closed universe states live in a real Hilbert space [45]. More explicitly, to mimic the rules of the gravity path integral we
find we can write states in an alpha sector as Ai,(α)|α⟩, where the coefficients A are real numbers. See equation (3.16).
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see that fixing to an α-sector amounts to fixing to a choice of values Ai,(α), and it’s immediately clear

that the matrix M has rank one in each sector. Note that the above integral is identical to the model

describing a completely evaporated black hole with eSBH = 1 [21]. In this sense there is some similarity

between the closed universe and the black hole interior.

We find the distribution for x = trM is the chi-squared distribution

ptrM (x) =
xk/2−1e−

x
2

2
k
2Γ(k2 )

. (3.17)

The details are in appendix B.1.17 From (3.17), the value of trM is centered at k as expected. To

compare the distributions at different value of k we consider the normalized quantity trM
k , finding

p(∞)(x) ≡ p trM
k

(x) =
xk/2−1e−

k
2
x

(
2
k

)k/2
Γ(k2 )

,
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1
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6

k = 500

k = 100

k = 10
. (3.18)

We denote this distribution by p(∞)(x) as we will use it later. We see that as k increases the distribution

is more sharply peaked at 1, as we are washing out the variance in the square of the one-point function

A2
i .

Semiclassical states from alpha sectors. We would like to point out that the existence of the large

number of semi-classical states we found is a result of a large number of α-sectors.18 In an alpha sector,

the states can be labelled by |ψi⟩ = Ai,(α)|α⟩, where |α⟩ is the unique state for the closed universe.

The inner product matrix in each α-sector is given by N
(α)
ij = Ai,(α)Aj,(α). Summing over α sectors,

we obtain Nij =
∑m

l=1Ai,(αl)Aj,(αl). We see the rank of this matrix is given by min (k,m), where m is

the number of alpha sectors and k is the number of semiclassical states we tried to construct. In our

case we could construct as many orthogonal semiclassical states as we wanted since our models have

infinitely many alpha sectors.

17 The chi-squared distribution can also be obtained directly by doing the Gaussian integral in (3.16).
18 We thank Juan Maldacena for pointing this out.
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3.2.1 Including higher topologies

In obtaining (3.17) we excluded higher topologies. We now include them by setting eS0 to be finite.

The distribution we get for trM is given by

ptrM (x) = e−λδ(x) +

∞∑

n=1

e−λλn

n!


e

2S0

kn

(k2 )
k
2

Γ(k2 )

(
xe2S0

kn

) k
2
−1

e−
k
2

xe2S0
kn




= e−λδ(x) +

∞∑

n=1

e−λλn

n!
p(∞)

(
xe2S0

kn

)
e2S0

kn
(3.19)

where λ = e2S0

1−e−2S0
, and p(∞)(x) was defined in equation (3.18). The derivation of (3.19) is in appendix

B.2. From (3.19), we see that the distribution of trM is the convolution between the Poisson distribution

with rate λ and chi-squared distribution p(∞). Since Poisson is discrete (3.19) is a sum of equally-spaced

peaks (Figure 8).

1 2 3 4 5

0.2

0.4

0.6

0.8

1.0

1.2

1.4

k = 1000

k = 100

k = 10

Figure 8: Probability distribution for trM
k , with the inclusion of higher topologies, for different values

of k with e2S0 = 4. We see that as k gets larger, the peaks get sharper.

3.3 The meaning of trM

We now discuss the interpretation of our probability distribution for trM . One way to think about the

model is that there are two independent α parameters we can tune. One parameter sets the number

of states in the asymptotic boundary theory, which must be discrete. The second parameter, denoted

Ai, gives values for the matter one point function evaluated on thermofield double state within each

α-sector.19 In appendix B.2 we find that trM = Z
(∑k

i=1A
2
i

)
as random variables. Z satisfies Poisson

19 As the distribution we obtain is continuous, it is not clear if the model satisfies reflection positivity as outlined in [46].
All of the states we considered have positive norm. We thank Xi Dong for discussion on this point.
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statistics with rate λ = e2S0

1−e−2S0
and spacing e−2S0 .20 As a random variable, Z can be defined by the

following boundary condition:
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(3.21)

The operator Z is defined to be a pair of linked circles. When two circles are linked together, we are

not allowed to separate them when forming higher topology surfaces. From this we can see that Z is

the trace of the identity operator over the Hilbert space of the two-sided wormhole, and higher genus

effects show that it has a discrete spectrum.21 We can thus identify

Z = TrHWH
(1). (3.22)
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(b)

Figure 9: By cutting the double trumpet in different ways, we can obtain either a closed universe (a),

or a two-sided wormhole (b).

The appearance of two-sided wormholes is not a total surprise, as we can cut the double trumpet in

20 More concretely, Z ∈ e−2S0n with n ∈ N and the integer n should be thought of as a boundary Hilbert space dimension.
The prefactor can be adjusted by adding a boundary term to the topological action, see [20].
21 The operator Z we defined above is the analog of the operator Z in Marolf-Maxfield model [20].
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two ways. In one way we obtain the closed universe we have been discussing (Figure 9(a)). In the other

way we get a two-sided wormhole (Figure 9(b)). We expect there will be some connection between

the theory of closed universes and the theory of two-sided wormholes. It will be very interesting to

understand this in more general contexts like JT coupled to matter, and we leave it to future work.

Putting everything together, we have

trM = TrHWH
(1)

(
k∑

i=1

A2
i

)
(3.23)

The theory of two-sided wormholes has a boundary dual, and so has a well-defined Hilbert space

dimension within each α-sector. The distribution we found with equally spaced peaks (3.19) arises

from the discreteness of this Hilbert space dimension. The smearing around each peak comes from the

average over Ai. We thus see

trMα = Zα

(
k∑

i=1

A2
i,(α)

)
, (3.24)

where again in this model the first term on the right hand side of (3.24) gives the number of states in

the corresponding two-sided boundary Hilbert space, whereas the second term gives the square of the

thermal one-point function in an α-sector.

More generally, the matrix elements of M are given by

Mij = Z(AiAj) . (3.25)

Where again (3.25) is an equality between random variables. The derivation closely follows from the

derivation of (3.23) in appendix B.2.

4 Discussion

One dimensional Hilbert space. A one dimensional closed universe Hilbert space and the existence

of a single cosmological state is an old claim that has received renewed interest in recent years due to

recent developments involving Euclidean wormholes [10,20,21,42,47–50]. The majority of the arguments

rely on some form of the gravitational path integral, and so are restricted to a given gravitational theory.

In [49] it was conjectured, through the baby universe hypothesis, that in string theory there is a unique

closed universe state that unifies all closed universes across different spacetime dimensions.22 This is a

stronger claim regarding closed universes than the ones that can be argued for by the standard rules

of the gravity path integral.

In this work we have compared perturbative and non-perturbative aspects of the theory of closed

22 Abstractly, this unique state may be thought of as a wave-functional that takes as input boundary conditions corre-
sponding to data on Cauchy slices across different spacetime dimensions with different fields on the slice.
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universes in simple two dimensional models where we have complete control over the gravity path

integral. We have found that the quantum gravity Hilbert space is one dimensional for closed universes.

This arises from a choice of inner product defined by the gravity path integral,23 first used in the context

of dS2 closed universes by [21] but also see [20,51]. We have further argued that this inner product will

lead to a one dimensional closed universe Hilbert space beyond the simple models considered here.24

These conclusions are heavily contrasted with the rich perturbative physics we find before including

wormhole effects.

We end with some comments and questions, with the most crucial question being:

• How do we describe the experience of an observer in a closed universe? How does

Quantum Mechanics work with a single unique state?

We don’t know. A semiclassical state with a massive worldline seems to be non-perturbatively

equivalent to every other semiclassical state. All naively defined observables seem to receive large

corrections from wormholes.

4.1 Comments on the unique cosmological state and tensor network

We showed that the gravitational path integral indicates that within each α-sector there is a unique

cosmological state of closed universes. A natural question is how to understand such a state. Let’s

fix one α-sector and assume the boundary theory has a Hilbert space spanned by energy eigenstates

|Ei⟩. This closed cosmological state is NOT any state in the Hilbert space, that is it is not some linear

combination of |Ei⟩. In fact, it is a number. For example, tr
(
e−βHOi

)
is a number for fixed H and Oi.

As all numbers are proportional to each other, there is a single closed universe state in each α-sector.

How is it possible for a number to encode the rich semi-classical physics we discussed in section

2? It obviously cannot. In the discussion of section 2, we get the rich perturbative physics out of the

boundary conditions we set at infinity. Different boundary conditions prepare different cosmological

states, but at the end after taking trace all they give is a number in a fixed α-sector. This number

clearly contains very limited information, but how we obtained this number may encode rich physics.

For the simplest cases in the standard AdS/CFT dictionary, there is a one-to one correspondence

between bulk and boundary states. Subtleties may already arise for complex enough states like late time

black holes [52]. Our case of closed universes is more extreme, where the boundary state tr
(
e−βHOi

)

is simply a number in each α-sector while the bulk contains rich physics.

23 An obvious question is why this inner product is preferred over other choices. One answer is that when this inner
product is applied to problems involving black holes in asymptotically AdS space we recover the correct black hole Hilbert
space dimension eS0 [21, 51].
24 For more general theories in higher dimensional spacetimes additional assumptions need to be made regarding the
gravitational path integral. The argument for a one-dimensional Hilbert space is more formal since moments of inner
products need to be formally manipulated, and cannot be directly evaluated as can be done in two dimensions. See
around equation (1.5) and footnote 2 for further discussion of the required assumptions.
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In the language of tensor network [53, 54], in our case the output of the tensor network is simply

a number. We certainly cannot reconstruct the tensor network out of one number, but it’s the tensor

network itself which encodes the semi-classical physics.

4.2 Connection to evaporating black hole and non-isometric codes

The closed universes considered in this paper are similar to the black hole interior. After the black hole

completely evaporates, the radiation is in a pure state in a spacetime without a black hole, and the

interior exists as a disconnected closed universe. This closed universe is inside the entanglement wedge

of the radiation [21,23,39,55].

In the language of non-isometric codes [52], there are two descriptions of the same state. In the

semi-classical effective description, there is large amount of entanglement between the closed universe

and the radiation. On the other hand, in the fundamental description, the radiation is in a pure state

by itself. In order for this to happen, in the map from the effective description to the fundamental

description, the seemingly different closed universe states will have to be mapped to numbers.

However, as discussed in [52], the map may have various problems when the evaporating black hole

becomes too small as errors suppressed by e−SBH are no longer small. This is essentially the same

problem as the contrast between rich semi-classical physics and unique state of closed universes. It

seems likely that most naively defined observables in closed universes will receive large corrections from

spacetime wormholes. How to understand this is an important problem.

4.3 The role of ensemble averaging in cosmology

The presence of α-sectors has some appealing features when it comes to describing cosmology [56, 57].

One positive feature is the following. An observer in a universe might not exist long enough to fix all

the couplings in the theory to reduce themselves to a single sector, and so it seems natural to average

over theories consistent with their experience. We certainly do not know all aspects of the fundamental

theory of our own universe, such as all coupling constants. Furthermore, in cosmologies that only exist

for a finite amount of time there is a limit to the number of experiments that can be carried out to

determine the α-sector.

A possibility is that a unique α-sector with a unique wavefunction for closed universes exists for

quantum gravity [49]. This raises the problem of what observables we can measure when there is only

one state.

It is important to mention that our JT closed universe construction depends on an ensemble av-

eraging interpretation. The models we studied, JT coupled to matter, and the simple topological

model, are both known to have ensemble duals. In our construction we had that tr
(
e−βHOi

)
= 0 but

[
tr
(
e−βHOi

)]2 ̸= 0, which can only arise from an ensemble average. It is natural to ask how this story

changes when we fix ourselves to a single theory. In a single α-sector it is appealing to think that
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tr
(
e−βHOi

)
is no longer zero, and comes from some kind of bulk half-wormhole geometry, see [58, 59].

Such a contribution may then directly give us the state of the closed universe.

4.4 Comments on operator reconstruction

In the standard story of operator reconstruction in AdS/CFT, a particle in the bulk can be created

in the entanglement wedge by acting with an operator in the boundary theory. In the case of a fully

evaporated black hole, the black hole interior is a closed universe, and it is part of the entanglement

wedge of the radiation. By applying unitary operators to the radiation one can create particles in

the black hole interior.25 In this case, the bulk dual (effective description) is more than just a closed

universe. It is a closed universe entangled with the radiation, which is a well defined quantum system

on which operators can act on.

In section 2 we defined states of the closed universes by specifying boundary conditions tr
(
e−βHOi

)
.

This boundary condition prepares a state of a closed universe with a single particle. Clearly we can

insert additional operators to change the state of the closed universe. For example, we can insert

an additional particle by considering tr
(
e−β1HOie

−(β−β1)HOj

)
. At first sight this may look like we

are applying a boundary operator to change the state. However, this operator reconstruction is quite

different from the case of an evaporating black hole. We add excitations to the universe by changing

boundary conditions, but the operator was applied before taking the trace. In the language of tensor

networks, the operator was applied to the tensor network itself, not the state made by the tensor

network.
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A Details on closed universes in JT+matter

We include some additional technical details not present in the main text.

25 See [52] for potential subtleties.
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A.1 Pure JT gravity

Classical solutions and symplectic form. Given a Lagrangian density, the variation of the density

takes the form

δL = Eaδϕ
a + dΘ , (A.1)

where Ea are equations of motion and d is a spacetime total derivative. For a closed universe, the

second term vanishes when integrated over the spacetime manifold since there are no boundaries and

so can be discarded. However it is necessary for computing the symplectic form on phase space [29].

The variation of the JT action can be taken and the pre-symplectic 1-form is given by

Θµ =
1

2

√−g
(
gναgµβ − gµνgαβ

)
(ϕ∇νδgαβ −∇νϕδgαβ) . (A.2)

The variation δ is an exterior derivative on phase space. In the main text we saw that the phase space

was labelled by two parameters

ds2 = −dt2 + b2 cos2(t)dσ2, Φ = ϕc sin(t) , (A.3)

given by b, ϕc and so δ has the obvious action on the classical solutions. The current is defined by
√−gJµ = −δΘµ and it can be checked that it is conserved ∇µJ

µ = 0 so can be evaluated on any

Cauchy slice. The symplectic 2-form is defined by

ω =

∫

Σ
dΣµJ

µ (A.4)

Evaluating the above on the classical solutions we find

ω = δϕd ∧ δb , (A.5)

as quoted in the main text.

WdW wavefunction contours. We elaborate on some contour calculations involving the WdW

wavefunction. The wavefunctional was solved for dilaton gravity in [28,30,31], we primarily follow the

notation of [31] where a careful Hamiltonian analysis of JT gravity is carried out. The case of most

interest is for constant dilaton, repeated here

Ψϕc [ϕ0, L] =




exp

(
iL
√
ϕ2c − ϕ20 + iϵ

)
, ϕc > 0 ,

exp
(
−iL

√
ϕ2c − ϕ20 − iϵ

)
, ϕc < 0 .

(A.6)

There are two branches of solutions to the WdW equation, and we find we must take different branches

for ϕc > 0 and ϕc < 0 to get results consistent with semiclassical expectations. Additionally, to make
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sense of the amplitude for ϕ0 < ϕc we must make a choice of an iϵ prescription, which we have done

above. With this definition the wavefunctionals agree at ϕc = 0 as we approach from both sides. To

transform the above into the geodesic length basis we use that b, ϕc are canonically conjugate so that

⟨ϕc|b⟩ = exp(−ibϕc). Transforming to the b basis we will have that

Ψb[ϕ0, L] =

∫
dϕcΨ[ϕc;ϕ0, L]⟨ϕc|b⟩ (A.7)

The saddlepoint analysis is slightly subtle. For b > L there are two saddles, for the positive/negative

branchs we have ϕc,± = ±bϕ0/(b2 − L2)1/2. The saddles lie along the real axis with the saddle values

away from the cuts in Ψ. For L > b, there are now two saddles along the imaginary axis at ϕc,± =

±ibϕ0/(L2 − b2)1/2. However, the contour for the negative branch cannot be deformed to run along

the negative imaginary axis since the function exponentially grows at −i|ϕc|. We can only pick up the

saddle on the positive imaginary axis. This gives the oscillating and decaying behavior respectively in

(2.7).

A.2 Classical solution of closed universe with one observer

With vanishing one-point function: tr
(
e−βHOi

)
= 0, we consider | tr

(
e−βHO

)
i
|2. It’s given by a

wormhole as in figure 10. The insertion of the matter operator stabilizes the wormhole geodesic b. The

insertion of the operator also backreacts and causes a corner in the schwarzian boundary. Here we will

find the classical solution by imposing SL(2) charge conservation at the insertion point of the particle,

which amounts to putting the corner on-shell. The geometry can be constructed by cutting a piece out

of the hyperbolic disk.
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(b)
Figure 10: The wormhole geometry from a quotient of the hyperbolic disk. The particle is the blue line.

The two thick black lines are geodesics and identified with each other. The green line is the geodesic b.

The metric on a hyperbolic disk is given by

ds2 = dρ2 + sinh2 ρdϕ2 . (A.8)
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We construct the wormhole by creating two circles of size βE/ϵ with radii ρE , and translating them in

opposite directions on the disk. Their centers are given by the black dots in 10, and the black lines

are geodesics passing through the circles. The actual asymptotic boundary has length β/ϵ, and is a

portion of the ρE circles indicated by the thick black lines. Hyperbolic trigonometry applied to figure

10 gives us

2π sinh ρE =
βE
ϵ
,

θ

2π
=

β

2βE
, sin θ =

tanh
(
b
2

)

tanh ρE
≈ tanh

(
b

2

)
. (A.9)

We need an additional equation equation which comes from SL(2) charge conservation and puts the

geometry on-shell. We work in embedding coordinates. The hyperbolic disk can be embedded in R1,2

with metric

−(X0)2 + (X1)2 + (X2)2 = −1, ds2 = −(dX0)2 + (dX1)2 + (dX2)2 . (A.10)

First consider the charge associated to a circle. It is given by
√
2ϕrE(1, 0, 0) = 2π ϕr

βE
(1, 0, 0). The

charge associated with the geodesic of the observer is given by m(0, 0, 1). Now we translate the circles

in horizontal direction. It is given by a boost in X0 −X2 plane. Consider the plane X2 = vX0. The

translated circle has center located at (X0, X1, X2) = ( 1√
1−v2

, 0, v√
1−v2

). The distance to the origin y

satisfies cosh y = 1√
1−v2

= γ, so we have

T2(x) =




cosh y 0 sinh y

0 1 0

sinh y 0 cosh y


 (A.11)

Transforming the charge, we have

Qr =
2πϕr
βE

(cosh y, 0, sinh y), Ql =
2πϕr
βE

(cosh y, 0,− sinh y) , (A.12)

Imposing charge conservation, we have

2πϕr
βE

2 sinh y = m, sinh y =
mβE
4πϕr

, (A.13)

We arrive at the condition

Charge conservation: sinh

(
b

2

)
= tan(θ) = tan

(
πβ

βE

)
=
mβE
4πϕr

, (A.14)

We consider the case where m≫ πϕr

β , βE ≈ 2β. We find the geometry satisfies

b0 ≈ 2 log

(
mβ

πϕr

)
. (A.15)

We see that we can stabilize the geometry at a very large size b0 provided we take the mass of the field
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to be very large.

A.2.1 dilaton profile

When matter is included the dilaton is also on-shell on the double trumpet geometry. We can extract

the dilaton from the embedding into the disk, where the dilaton profile is manifest. We draw some

embeddings in figure 11. The lines in Figure 11(c) are lines of constant dilaton.
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(c)

Figure 11: Embedding of the closed universe in the hyperbolic disk, with an analytic continuation at

the time symmetric slice.

The coordinate and dilaton of the closed universe are given by

ds2 = −dt2 + cos2 tdσ2 , ϕ = ϕhr = ϕh coshσ cos t . (A.16)

Using that r = cosh ρ, 2πrc =
βE
ϵ , ϕhrc =

ϕr

ϵ we have that ϕh
2π = ϕr

βE
≈ ϕr

2β . This immediately gives us

ϕ(σ, t) =
2πϕr
βE

cos t coshσ . (A.17)

A.3 Classical solution with one observer and one light particle

Next, we consider the case where the two insertions are separated by general Euclidean time β1 and

β2, β1 + β2 = β.
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<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>

�1E
<latexit sha1_base64="najVJbit0bIv00VR0IiaKfD+jHg=">AAACPnicbVDLSgMxFE3qq46vVpeCDBbBVZkpvpZFEVxWsK3YDiWTybShSWZIMsVh6F+41W/xN/wBd+LWpWk7C9t6IXA495Fzjh8zqrTjfMDCyura+kZx09ra3tndK5X3WypKJCZNHLFIPvpIEUYFaWqqGXmMJUHcZ6TtD28m/faISEUj8aDTmHgc9QUNKUbaUE9dn2jUy2q3416p4lSdadnLwM1BBeTV6JXhUTeIcMKJ0JghpTquE2svQ1JTzMjY6iaKxAgPUZ90DBSIE+VlU8lj+8QwgR1G0jyh7Sn7dyNDXKmU+2aSIz1Qi70J+W8vHqSKYjX3fSYjjoRI+IIoHV55GRVxoonAM01hwmwd2ZOo7IBKgjVLDUBYUmPLxgMkEdYm0LlLwYjGKjf4PHNoWSZRdzG/ZdCqVd2L6vn9WaV+nWdbBIfgGJwCF1yCOrgDDdAEGAjwAl7BG3yHn/ALfs9GCzDfOQBzBX9+ATR2r+U=</latexit>

�2E

<latexit sha1_base64="Fg2mLeqHmY2QKO8evKkuA29xZ8I=">AAACPHicbVDLSsNAFJ3UV42vVpeCBIvgqiTia1l047KCfUBbymQybYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeccP+ZMg+t+WIW19Y3NreK2vbO7t39QKh82dZQoQhsk4pFq+1hTziRtAANO27GiWPictvzR/bTfGlOlWSSfII1pT+ChZANGMBiq3YWQAu57/VLFrbqzclaBl4MKyqveL1sn3SAiiaASCMdadzw3hl6GFTDC6cTuJprGmIzwkHYMlFhQ3ctmgifOmWECZxAp8yQ4M/bvRoaF1qnwzaTAEOrl3pT8txeHqWZEL3yfqUhgKROxJAoGt72MyTgBKslc0yDhDkTONCgnYIoS4KkBmChmbDkkxAoTMHEuXArGLNa5wee5Q9s2iXrL+a2C5kXVu65ePV5Wand5tkV0jE7ROfLQDaqhB1RHDUQQRy/oFb1Z79an9WV9z0cLVr5zhBbK+vkFf+evDQ==</latexit>

✓1
<latexit sha1_base64="OOY5nEd8dT6bV2sDBcS+wwLrvVg=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclaT4WhbduKxgH9CGMplOmqEzkzBzUyyhP+FWv8X/cO9O3Lp22mZhWy8MHM59zDknSDjT4Lof1tr6xubWdmHH3t3bPzgslo6aOk4VoQ0S81i1A6wpZ5I2gAGn7URRLAJOW8HwftpvjajSLJZPME6oL/BAspARDIZqdyGigHvVXrHsVtxZOavAy0EZ5VXvlazTbj8mqaASCMdadzw3AT/DChjhdGJ3U00TTIZ4QDsGSiyo9rOZ4Ilzbpi+E8bKPAnOjP27kWGh9VgEZlJgiPRyb0r+20uisWZEL3yfqVhgKVOxJArCWz9jMkmBSjLXFKbcgdiZBuX0maIE+NgATBQzthwSYYUJmDgXLvVHLNG5wee5Q9s2iXrL+a2CZrXiXVeuHi/Ltbs82wI6QWfoAnnoBtXQA6qjBiKIoxf0it6sd+vT+rK+56NrVr5zjBbK+vkFgbivDg==</latexit>

✓2

<latexit sha1_base64="YUBcd64rSzz6BDYB7dxcxW4UD5g=">AAACN3icbVDLSgMxFE181vHV6lKQwSK4KjPia1l047KifUA7lEwmbUOTTEgyxWHoJ7jVb/FTXLkTt/6BaTsL23ohcDj3kXNOKBnVxvM+4Mrq2vrGZmHL2d7Z3dsvlg4aOk4UJnUcs1i1QqQJo4LUDTWMtKQiiIeMNMPh3aTfHBGlaSyeTCpJwFFf0B7FyFjqkXf9brHsVbxpucvAz0EZ5FXrluBxJ4pxwokwmCGt274nTZAhZShmZOx0Ek0kwkPUJ20LBeJEB9lU69g9tUzk9mJlnzDulP27kSGudcpDO8mRGejF3oT8tycHqaZYz32fqZgjIRK+IMr0boKMCpkYIvBMUy9hrondSUZuRBXBhqUWIKyoteXiAVIIG5vk3KVoRKXODT7PHDqOTdRfzG8ZNM4r/lXl8uGiXL3Nsy2AI3ACzoAPrkEV3IMaqAMM+uAFvII3+A4/4Rf8no2uwHznEMwV/PkFEF2s1g==</latexit>m1
<latexit sha1_base64="r/QR1lcSGVF6bxpHDaNNKmQ4Tc4=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPbJ+rV+quFV3Vs4q8HJQAXk1+mXrpBfGKGGYa0ShUl3PFdrPoNQEUTyxe4nCAqIRHOCugRwyrPxspnXinBkmdKJYmse1M2P/bmSQKZWywEwyqIdquTcl/+2JYaoIUgvfZzJmkPOELYnS0Y2fES4SjTmaa4oS6ujYmWbkhERipGlqAESSGFsOGkIJkTZJLlwKx0So3ODz3KFtm0S95fxWQatW9a6qlw8Xlfptnm0RHINTcA48cA3q4B40QBMgMAAv4BW8We/Wp/Vlfc9HC1a+cwQWyvr5BRIurNc=</latexit>m2

<latexit sha1_base64="V3QTkZ98SWezLMn0HCM7cEjM2AM=">AAACN3icbVDLSgMxFM34rOOr1aUgg0VwVWbE17LoxmVF+4B2KJlM2obmRZIpDkM/wa1+i5/iyp249Q9M21nY1guBw7mPnHMiSYk2vv/hrKyurW9sFrbc7Z3dvf1i6aChRaIQriNBhWpFUGNKOK4bYihuSYUhiyhuRsO7Sb85wkoTwZ9MKnHIYJ+THkHQWOox7QbdYtmv+NPylkGQgzLIq9YtOcedWKCEYW4QhVq3A1+aMIPKEETx2O0kGkuIhrCP2xZyyLAOs6nWsXdqmdjrCWUfN96U/buRQaZ1yiI7yaAZ6MXehPy3JwepJkjPfZ8pwSDnCVsQZXo3YUa4TAzmaKapl1DPCG+SkRcThZGhqQUQKWJteWgAFUTGJjl3KR4RqXODzzOHrmsTDRbzWwaN80pwVbl8uChXb/NsC+AInIAzEIBrUAX3oAbqAIE+eAGv4M15dz6dL+d7Nrri5DuHYK6cn18mQazi</latexit>y1

<latexit sha1_base64="VdahtIFJhmvf+5zjBqJDxACEXzw=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzJTfC2LblxWtA9oh5LJZNrQJBOSTHEY+glu9Vv8FFfuxK1/YNrOwrZeCBzOfeScEwhKlHbdD6uwtr6xuVXctnd29/YPSuXDlooTiXATxTSWnQAqTAnHTU00xR0hMWQBxe1gdDftt8dYKhLzJ50K7DM44CQiCGpDPab9Wr9UcavurJxV4OWgAvJq9MvWSS+MUcIw14hCpbqeK7SfQakJonhi9xKFBUQjOMBdAzlkWPnZTOvEOTNM6ESxNI9rZ8b+3cggUyplgZlkUA/Vcm9K/tsTw1QRpBa+z2TMIOcJWxKloxs/I1wkGnM01xQl1NGxM83ICYnESNPUAIgkMbYcNIQSIm2SXLgUjolQucHnuUPbNol6y/mtglat6l1VLx8uKvXbPNsiOAan4Bx44BrUwT1ogCZAYABewCt4s96tT+vL+p6PFqx85wgslPXzCygSrOM=</latexit>y2
<latexit sha1_base64="W3ZVe//nWCr1Spvafeh6hKol2U0=">AAACN3icbVDLSsNAFJ3UV42vVpeCBIvgqiS+l0U3LivaB7ShTCaTdug8wsykGEI/wa1+i5/iyp249Q+ctlnY1gsDh3Mfc84JYkqUdt0Pq7Cyura+Udy0t7Z3dvdK5f2mEolEuIEEFbIdQIUp4bihiaa4HUsMWUBxKxjeTfqtEZaKCP6k0xj7DPY5iQiC2lCPae+8V6q4VXdazjLwclABedV7ZeuoGwqUMMw1olCpjufG2s+g1ARRPLa7icIxREPYxx0DOWRY+dlU69g5MUzoREKax7UzZf9uZJAplbLATDKoB2qxNyH/7cWDVBGk5r7PpGCQ84QtiNLRjZ8RHicaczTTFCXU0cKZZOSERGKkaWoARJIYWw4aQAmRNknOXQpHJFa5weeZQ9s2iXqL+S2D5lnVu6pePlxUard5tkVwCI7BKfDANaiBe1AHDYBAH7yAV/BmvVuf1pf1PRstWPnOAZgr6+cXKeOs5A==</latexit>y3

<latexit sha1_base64="Keamn/TdG6x4d+svWH06l6sKfCE=">AAACN3icbVDLSgMxFM3UVx1frS4FGSyCqzIj9bEsunFZ0T6gHUomk2lDk0xIMsVh6Ce41W/xU1y5E7f+gWk7C9t6IXA495FzTiAoUdp1P6zC2vrG5lZx297Z3ds/KJUPWypOJMJNFNNYdgKoMCUcNzXRFHeExJAFFLeD0d203x5jqUjMn3QqsM/ggJOIIKgN9Zj2a/1Sxa26s3JWgZeDCsir0S9bJ70wRgnDXCMKlep6rtB+BqUmiOKJ3UsUFhCN4AB3DeSQYeVnM60T58wwoRPF0jyunRn7dyODTKmUBWaSQT1Uy70p+W9PDFNFkFr4PpMxg5wnbEmUjm78jHCRaMzRXFOUUEfHzjQjJyQSI01TAyCSxNhy0BBKiLRJcuFSOCZC5Qaf5w5t2yTqLee3CloXVe+qevlQq9Rv82yL4BicgnPggWtQB/egAZoAgQF4Aa/gzXq3Pq0v63s+WrDynSOwUNbPLyu0rOU=</latexit>y4

<latexit sha1_base64="ZlSFdAXVlgbrWlHuXjloOA9sh0I=">AAACPHicbVDLSgMxFM34rPXV6lKQwSK4KjO+l0U3LivYB7RDyaRpG5pkQnKnOAz9Cbf6Lf6He3fi1rVpOwvbeiFwOPeRc06oODPgeR/Oyura+sZmbiu/vbO7t18oHtRNFGtCayTikW6G2FDOJK0BA06bSlMsQk4b4fB+0m+MqDYskk+QKBoI3JesxwgGSzXbMKCAOxedQskre9Nyl4GfgRLKqtopOsftbkRiQSUQjo1p+Z6CIMUaGOF0nG/HhipMhrhPWxZKLKgJ0qngsXtqma7bi7R9Etwp+3cjxcKYRIR2UmAYmMXehPy3pwaJYcTMfZ/qSGApY7EgCnq3QcqkioFKMtPUi7kLkTsJyu0yTQnwxAJMNLO2XDLAGhOwcc5d6o6YMpnB55nDfN4m6i/mtwzq52X/unz1eFmq3GXZ5tAROkFnyEc3qIIeUBXVEEEcvaBX9Oa8O5/Ol/M9G11xsp1DNFfOzy+Dia8P</latexit>

✓3
<latexit sha1_base64="mKvkeWTRy0xn6wO+YyG4U3WK0kY=">AAACPHicbVDLSsNAFJ34rPHV6lKQYBFclUTqY1l047KCfUAbymQ6bYbOTMLMTTGE/oRb/Rb/w707cevaaZuFbb0wcDj3MeecIOZMg+t+WGvrG5tb24Ude3dv/+CwWDpq6ihRhDZIxCPVDrCmnEnaAAactmNFsQg4bQWj+2m/NaZKs0g+QRpTX+ChZANGMBiq3YWQAu5Ve8WyW3Fn5awCLwdllFe9V7JOu/2IJIJKIBxr3fHcGPwMK2CE04ndTTSNMRnhIe0YKLGg2s9mgifOuWH6ziBS5klwZuzfjQwLrVMRmEmBIdTLvSn5by8OU82IXvg+U5HAUiZiSRQMbv2MyTgBKslc0yDhDkTONCinzxQlwFMDMFHM2HJIiBUmYOJcuNQfs1jnBp/nDm3bJOot57cKmpcV77py9Vgt1+7ybAvoBJ2hC+ShG1RDD6iOGoggjl7QK3qz3q1P68v6no+uWfnOMVoo6+cXhVqvEA==</latexit>

✓4

<latexit sha1_base64="Q8D0jzDOxLQEcL/Kpg8qBksJNVE=">AAACO3icbVBJSwMxGM3UrY5bq0dBgkXwVGbE7Vj04rGCXaAdSiaTtqFZhiRTHIb+CK/6W/whnr2JV++m7Rxs6weBx/uWvPfCmFFtPO/DKaytb2xuFbfdnd29/YNS+bCpZaIwaWDJpGqHSBNGBWkYahhpx4ogHjLSCkf3035rTJSmUjyZNCYBRwNB+xQjY6lWNyQG9fxeqeJVvVnBVeDnoALyqvfKzkk3kjjhRBjMkNYd34tNkCFlKGZk4nYTTWKER2hAOhYKxIkOspneCTyzTAT7UtknDJyxfzcyxLVOeWgnOTJDvdybkv/24mGqKdYL32dKciREwpdEmf5tkFERJ4YIPNfUTxg0Ek5zghFVBBuWWoCwotYWxEOkEDY2zYVL0ZjGOjf4PHfoujZRfzm/VdC8qPrX1avHy0rtLs+2CI7BKTgHPrgBNfAA6qABMBiBF/AK3px359P5cr7nowUn3zkCC+X8/AJ5z66J</latexit>

�1

<latexit sha1_base64="8rzOi1uVZ8ELi/CmHMjqvxOIoHY=">AAACO3icbVDLSgMxFM34rOOr1aUgwSK4KjPF17LoxmUF+4B2KJlM2oYmmZBkisPQj3Cr3+KHuHYnbt2btrOwrRcCh3MfOeeEklFtPO/DWVvf2NzaLuy4u3v7B4fF0lFTx4nCpIFjFqt2iDRhVJCGoYaRtlQE8ZCRVji6n/ZbY6I0jcWTSSUJOBoI2qcYGUu1uiExqFftFctexZsVXAV+Dsogr3qv5Jx2oxgnnAiDGdK643vSBBlShmJGJm430UQiPEID0rFQIE50kM30TuC5ZSLYj5V9wsAZ+3cjQ1zrlId2kiMz1Mu9KflvTw5TTbFe+D5TMUdCJHxJlOnfBhkVMjFE4LmmfsKgieE0JxhRRbBhqQUIK2ptQTxECmFj01y4FI2p1LnB57lD17WJ+sv5rYJmteJfV64eL8u1uzzbAjgBZ+AC+OAG1MADqIMGwGAEXsAreHPenU/ny/mej645+c4xWCjn5xd7oK6K</latexit>

�2

<latexit sha1_base64="LtlTWK6IJnVaUzLAzx2++0ZqlTk=">AAACPnicbVDLSgMxFM3UVx1frS4FGSyCqzIjvpZFEVxWsA9sh5LJZNrQJBOSTHEY+hdu9Vv8DX/Anbh1adrOwrZeCBzOfeScEwhKlHbdD6uwsrq2vlHctLe2d3b3SuX9pooTiXADxTSW7QAqTAnHDU00xW0hMWQBxa1geDvpt0ZYKhLzR50K7DPY5yQiCGpDPXUDrGEv8+7GvVLFrbrTcpaBl4MKyKveK1tH3TBGCcNcIwqV6niu0H4GpSaI4rHdTRQWEA1hH3cM5JBh5WdTyWPnxDChE8XSPK6dKft3I4NMqZQFZpJBPVCLvQn5b08MUkWQmvs+kzGDnCdsQZSOrv2McJFozNFMU5RQR8fOJConJBIjTVMDIJLE2HLQAEqItAl07lI4IkLlBp9nDm3bJOot5rcMmmdV77J68XBeqd3k2RbBITgGp8ADV6AG7kEdNAACHLyAV/BmvVuf1pf1PRstWPnOAZgr6+cXMqOv5A==</latexit>
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Figure 12: Embedding of the two-particle double trumpet into a hyperbolic disk.

From geometry, we have

tan(θi) = sinh yi, sin θi = tanh yi, cos θi =
1

cosh yi
i = 1, 2, 3, 4

θ1 + θ2
2π

=
β1
β1E

θ3 + θ4
2π

=
β2
β2E

From these we get

tan

(
2πβ1
β1E

)
=

sinh y1 + sinh y2
1− sinh y1 sinh y2

(A.18)

tan

(
2πβ2
β2E

)
=

sinh y3 + sinh y4
1− sinh y3 sinh y4

(A.19)

From charge conservation:

2πC

β1E
(cosh y1, sinh y1, 0)−

2πC

β2E
(cosh y3,− sinh y3, 0) = m1(0, 1, 0)

From this, we first get that

β1E
β2E

=
cosh y1
cosh y3

=
cosh y2
cosh y4

(A.20)

sinh y1
β1E

+
sinh y3
β2E

=
m1

2πϕr
(A.21)

sinh y2
β1E

+
sinh y4
β2E

=
m2

2πϕr
(A.22)
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From equations (A.18),(A.19),(A.20),(A.21),(A.22), we have six unknowns and six equations. For

consistency, we need to check that the red lines on the left and right have the same length. We need

β1E
β2E

=
cos θ3
cos θ1

=
cos θ4
cos θ2

Notice that this is automatically satisfied if the equations of motion are satisfied.

We work in the limit where m1 ≫ πϕr

β ≫ m2. We have θ1 ≈ π
2 , θ3 ≈ π

2 . Then y1 and y3 will be

large.

β1E
β2E

=
cos θ4
cos θ2

≈
cos
(
2πβ2

β2E
− π

2

)

cos
(
2πβ1

β1E
− π

2

) =
sin
(
2πβ2

β2E

)

sin
(
2πβ1

β1E

)

sinh y2 ≈ − 1

tan
(
2πβ1

β1E

)

sinh y4 ≈ − 1

tan
(
2πβ2

β2E

)

The charge conservation becomes

ey3

β2E
≈ m1

2πC
≈ ey1

β1E
1

β1E

1

tan
(
2πβ1

β1E

) +
1

β2E

1

tan
(
2πβ2

β2E

) = − m2

2πϕr

Let 2πβ1

β1E
= x1,

2πβ2

β2E
= x2, we have

β1
β2

x2
x1

=
sinx2
sinx1

1

β1

x1
tanx1

+
1

β2

x2
tanx2

= −m2

ϕr

From these one can solve for β1E and β2E . We rewrite the above equations as

cosx1 + cosx2 = −m2β

πϕr

πβ2 sinx2
βx2

= −m2β

πϕr

πβ1 sinx1
βx1

Let’s first solve for the case when m2 = 0. We have

x1 + x2 = π,
x1
x2

=
β1
β2

x1 = π
β1
β
, x2 = π

β2
β
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β1E = β2E = 2β

Note that y2 + y4 = 0. One of them is positive and one of them is negative.

Next we solve it to linear order in m2β
πC ≡ ϵ. We let

x1 = π
β1
β

+ z1ϵ, x2 = π
β2
β

+ z2ϵ

We have

β2
β

sin πβ2

β + z2ϵ cos
πβ2

β

πβ2

β + z2ϵ
=
β1
β

sin πβ1

β + z1ϵ cos
πβ1

β

πβ2

β + z1ϵ

1 + z2ϵ

(
1

tan πβ2

β

− 1
πβ2

β

)
= 1 + z1ϵ

(
1

tan πβ1

β

− 1
πβ1

β

)

z1 =
1

π

π

(
1

tan
πβ2
β

− 1
πβ2
β

)

(
1

tan
πβ2
β

− 1
πβ2
β

)
+

(
1

tan
πβ1
β

− 1
πβ1
β

) =
1

π

πβ1
β


1−

πβ2

β

tan
(
πβ2

β

)




z2 =
1

π

π

(
1

tan
πβ1
β

− 1
πβ1
β

)

(
1

tan
πβ2
β

− 1
πβ2
β

)
+

(
1

tan
πβ1
β

− 1
πβ1
β

) =
1

π

πβ2
β


1−

πβ1

β

tan
(
πβ1

β

)




Now we assume β1 < β2, we have x1 <
π
2 and x2 >

π
2 . As a result, y2 < 0 and y4 > 0. That’s why

we draw the figure as in Figure 12.

As a result,

x1 =
πβ1
β


1 +

ϵ

π


1−

πβ2

β

tan
(
πβ2

β

)






x2 =
πβ2
β


1 +

ϵ

π


1−

πβ1

β

tan
(
πβ1

β

)






We have

β1E = 2β


1− m2β

π2C


1−

πβ2

β

tan
(
πβ2

β

)





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β2E = 2β


1− m2β

π2C


1−

πβ1

β

tan
(
πβ1

β

)






y1 = log

(
m1β

πϕr

)
− m2β

π2ϕr


1−

πβ2

β

tan
(
πβ2

β

)




y3 = log

(
m1β

πϕr

)
− m2β

π2ϕr


1−

πβ1

β

tan
(
πβ1

β

)




y2 = − arcsinh


 1

tan
(
π β1

β

)
+ 1

cos2
πβ1
β

z1ϵ




= − arcsinh


 1

tan
(
πβ1

β

)


+

1

sin
(
πβ1

β

) m2β

π2ϕr

πβ1
β


1−

πβ2

β

tan
(
πβ2

β

)




y4 = − arcsinh


 1

tan
(
πβ2

β

)
+ 1

cos2
πβ2
β

ϵz2




= − arcsinh


 1

tan
(
πβ2

β

)


+

1

sin πβ2

β

m2β

π2ϕr

πβ2
β


1−

πβ1

β

tan
(
πβ1

β

)




We have

b = y1 + y2 + y3 + y4

≈ 2 log

(
m1β

πϕr

)
+
m2β

π2ϕr






πβ1

β

sin
(
πβ1

β

) − 1




1−

πβ2

β

tan
(
πβ2

β

)


+




πβ2

β

sin
(
πβ2

β

) − 1




1−

πβ1

β

tan
(
πβ1

β

)






= b0 +
m2β

πϕr



1− cos

(
πβ1

β

)

sin
(
πβ1

β

) − 2

π


1−

πβ1

β

tan
(
πβ1

β

)






We noticed that b will depend on β1, and achieves maximal value when β1 = β2 =
β
2 .

Consider the dilaton profile. It is given by

ϕ(t, x) =





2πϕr

β2E
cos t cosh(x− y3) 0 < x < y3 + y4

2πϕr

β1E
cos t cosh(x+ y1) −(y1 + y2) < x < 0

(A.23)

It’s easy to check that the dilaton is continuous across the perturbation. Its derivative is discontinuous

as a result of the stress-energy tensor of the perturbation.
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A.4 Off-shell wormhole Computation

We now construct the off-shell wormhole solution in JT coupled to matter, see [33–35] for closely related

constructions. The correlator we want to evaluate is
(
Tr[e−βHOi]

)2
where Oi is a matter insertion of

a massive field with mass m. In Euclidean signature the action with asymptotic boundaries is

I = −1

2

∫ √
gΦ(R+ 2)−

∫

∂M

√
hΦb (K − 1) + Im , (A.24)

where Im is the matter action of a massive free scalar. We take boundary conditions where the

boundaries take fixed lengths β/ϵ and the dilaton is fixed to be Φb = ϕr/ϵ. Since the one-point

function of matter fields vanishes on the disk ⟨Oi⟩ = 0 the dominant geometry is the double trumpet.

For a sufficiently massive particle the geodesic approximation holds and suppresses the wormhole as

OiOi ∼ e−mL where L is the geodesic distance between the operator insertions.

On the double trumpet, the full expression for the two sided two point function is given by

(
Tr[e−βHOi]

)2
=

∫ ∞

0
db

∫ b

0
dτ

︸ ︷︷ ︸
Moduli: length, twist

∫
DfLDfRe−Isch[fL]−Isch[fR]

︸ ︷︷ ︸
Schw. modes

Zm(b)︸ ︷︷ ︸
matter one-loop det

(A.25)

×
∞∑

w=−∞


 f ′L(τj,L)f

′
R(τj,R)

cosh2
[

b
2β (fL(τj,L)− fR(τj,R + wβ))

]




m

︸ ︷︷ ︸
two-pt function dressed to schw.

including winding w

. (A.26)

The operators are inserted with a relative twist τ with respect to each other at times τR = τL + τ .

Here f are left and right Schwarzian profiles. We restrict ourselves to the dominant configuration

where the operators are inserted opposite each other, so that τ = 0. We also ignore the matter one-

loop determinant, which is given by the Selberg zeta function on the double trumpet, and comes from

worldlines wrapping the closed b cycle. This gives a subleading contribution when the wormhole b is

large.26 On the second line we have the two point function dressed to the Schwarzian boundary [61],

at large m this backreacts on the classical profiles fL, fR. We restrict ourselves to the non-winding

geodesic w = 0.

After these restrictions the classical action is given by

I = −
∫ √

hΦb(K − 1) +m log

(
2
ϵ2

ϕ2r
coshD

)
. (A.27)

where the integral is over two boundaries, and the matter contribution is evaluated with the renormal-

ized length L = Lbare − 2 log Φb. Away from the corner where the matter operators are inserted we

26 At small b this gives a universal divergence limb→0 Zm(b) ∼ e
π2

6b . Our analysis is thus not valid at small b since we
do not include winding geodesics connecting the two operator insertions. It was argued in [60] that the summation over
winding geodesics stabilizies the wormhole against this divergence.
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take the equations of motion to hold, and so the boundary cutout is of constant extrinsic curvature

except at the location of the operator insertion. We allow for the geometry to be slight off shell by not

enforcing the equations of motion at the corner.

The three contributions to the action consist of: the particle worldline, the on-shell schwarzian, the

off-shell corner term. To evaluate each contribution we need some basic hyperbolic geometry identities,

with the geometry denoted in figure A.4.

Figure 13: Geometric construction of the double trumpet with important angles and distances.

The basic identities of hyperbolic geometry give us

cos θ =
sinh D

2

sinh ρE
, sin θ =

tanh b
2

tanh ρE
, cot θ =

tanh D
2

sinh b
2

, (A.28)

tan θ = tan

(
πβ

βE

)
= sinh

b

2
, cos θ =

1

cosh b
2

, (A.29)

cos
ϕ

2
=

tanh D
2

tanh ρE
, sin

ϕ

2
=

sinh b
2

sinh ρE
. (A.30)

where we also have that sinh ρE = βE
2πϵ and θ =

πβ
βE

, along with ψ = π−ϕ. Combining the first equation

with the answer for θ, and expanding for small ϵ we find the geodesic distance

D = 2 log

(
βE
πϵ

cos

(
πβ

βE

))
, coshD =

β2E
2π2ϵ2

cos

(
πβ

βE

)
. (A.31)

The angle ϕ can similarly be found by using the equation

sin

(
ϕ

2

)
=

2πϵ

βE
sinh

(
b

2

)
⇒ ϕ =

4πϵ

βE
tan

(
πβ

βE

)
. (A.32)

Boundary term. The Schwarzian boundaries are at constant radius ρE for a total length β. At

constant radius ρE , we have extrinsic curvature K = coth ρE . The boundary term, excluding the
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corner, thus contributes

Ibdy ⊃ −2ϕrβ

ϵ2
(coth ρE − 1) = −4π2ϕrβ

β2E
. (A.33)

where the second term is from ρE = log βE
πϵ . The corner contributes a delta function to the extrinsic

curvature proportional to the deficit angle

∫

corner
ds
√
hK = π − ψ , (A.34)

where we defined ψ above. We previously found that the angle π − ψ = 4πϵ
βE

tan
(

πβ
βE

)
. Note that this

is order ϵ, but it cancels the ϵ divergence in the dilaton, we thus get the total contribution from two

corners

Icorner =
8πϕr
βE

tan

(
πβ

βE

)
. (A.35)

The total boundary action is thus

Ibdy = −4π2ϕr
β

β2E
+

8πϕr
βE

tan

(
πβ

βE

)
. (A.36)

Particle Action. The geodesic action is simple to compute since we already found D

Iparticle = m log

(
2
ϵ2

ϕ2r
coshD

)
= 2m log



βE cos

(
πβ
βE

)

πϕr


 . (A.37)

Total action. We thus arrive at the total action

I = 2m log



βE cos

(
πβ
βE

)

πϕr


− 4π2ϕr

β

β2E
+

8πϕr
βE

tan

(
πβ

βE

)
. (A.38)

The saddlepoint is given by

∂βE
I = 0 =⇒ tan

πβ

βE
=
mβE
4πϕr

. (A.39)

This is the same condition we found from charge conservation in section A.2. We see at this value the

Schwarzian is on-shell, including the corner. We can calculate the on-shell action

Ion-shell = 2m(1− log
m

4
)− π2ϕr

β
, (A.40)

where we have expanded in large m.
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Action in b basis. Using the identities at the start of the section, we can rewrite βE in terms of b

and express the action in terms of the wormhole size

I = 2m log

(
β/ϕr

cosh
(
b
2

)
arctan

(
sinh b

2

)
)

− 4ϕr
β

arctan2
(
sinh

b

2

)
+

8ϕr
β

sinh

(
b

2

)
arctan

(
sinh

b

2

)

(A.41)

The saddlepoint satisfies

sinh

(
b

2

)
arctan

(
sinh

(
b

2

))
=
mβ

4ϕr
. (A.42)

At large m the solution is given by

b ≈ 2 log

(
βm+ 4ϕr

πϕr

)
. (A.43)

This again matches the result we obtained in section A.2.

A.5 Wave function on a generic slice

We obtained Ψβ(b), but we would like to transform to the basis where we can ask about more general

Cauchy slices. The wavefunctional will be given by

Ψβ[L, ϕ] =

∫
dbΨβ(b)ψb[L, ϕ]

where Ψβ(b) was given by (2.17). In this section, we will obtain ψb[L, ϕ] by first going from the b to

the L,K basis, and then transforming to the L, ϕ basis. We will do the computation by saddle point

approximation. The Euclidean saddle is the double trumpet geometry with a matter excitation

ds2 = dρ2 + b20 cosh
2(ρ)dσ2 , Φ(ρ, σ) ≈ πϕr

β
cosh(ρ) cosh(bσ) . (A.44)

We first assume we are interested in a slice with L > b with dilaton profile Φ = B cosh(bσ). We

must calculate the action between the geodesic throat and the slice with this data. On the trumpet

geometry (A.44) there are two such slices with opposite extrinsic curvatures. The extrinsic curvature

and length of constant ρ slices, along with the action up to the slices, is given by

K = tanh ρ, L = b cosh ρ, b sinh ρ =
√
L2 − b2sgn(ρ) , (A.45)

Igrav = −
∫
dσB cosh(bσ)b cosh(ρ) tanh(ρ) = −2

b
sinh

(
b

2

)
B
√
L2 − b2sgn(ρ) , (A.46)

Im = mρ = m arcsinh

(√
L2 − b2

b

)
sgn(ρ) , (A.47)

where the sign of the matter action comes from the need to subtract the particle worldline action when
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going backwards in time.

It is easier to first go to constant L,K slices. The amplitude for the b → (L,K) cylinder is

proportional to a delta function [36],27 including the matter action

ψb(L,K) ∼ δ(K ∓
√

1− b2

L2
) exp

(
∓m arcsinh

(√
L2 − b2

b

))
, (A.48)

where the ∓ notation means we include a summation over both terms. Since K and Φ are conjugate

variables, we can perform the fourier transform to obtain the wavefunction at fixed Φ

ψb(L,Φ = B cosh(bx)) ∼
∫

C
dKE exp

(∫
dσ

√
γKEΦ

)
ψb(L,KE)

∼
∫

C
dKE exp

(
2L

b
KEB sinh

(
b

2

))
δ(KE ∓

√
1− b2

L2
) exp

(
∓m arcsinh

(√
L2 − b2

b

))
. (A.49)

where we emphasize that in these formulas KE is the euclidean extrinsic curvature. We must deform

along the steepest descent contour. Notice that at real infinite KE we need KEB < 0. So we can only

pick up one of the delta function contributions

ψb(L > b,Φ = B cosh(bx)) ∼ exp

(
−
[
2

√
L2 − b2

b
|B| sinh

(
b

2

)
−m arcsinh

(√
L2 − b2

b

)
sgn(B)

])

Note that for large L, the first term always dominates, which is exponentially decreasing.

Next, we consider the case when L < b. In this case there does not exist a Cauchy slice in the

Euclidean geometry with such data, and we must deform the double trumpet (A.44) into the complex

ρ = it plane to see the closed universe with such data. Analytically continuing, the quantities on the

Lorentzian geometry become

L = b cos t, |t| = arcsin

√
b2 − L2

b
, KE = −iKL (A.50)

exp(iIm,L) = exp

(
−im arcsin

(√
b2 − L2

b

)
sgn(t)

)
, KL = − tan t . (A.51)

The amplitude to go from the geodesic b into the Lorentzian geometry is thus

ψb(L,KL) = δ(KL ∓
√
b2 − L2

L
) exp

(
±im arcsin

(√
b2 − L2

b

))
. (A.52)

(A.52) can also be seen from the Euclidean answer (A.48). The transform to the ϕ basis can be done

27 There is also a one-loop determinant factor that we do not include since we only work with the semiclassical action.
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either with the Lorentzian or the Euclidean signature. In either case, we find

ψb(L < b,Φ = B cosh(bx)) ∼
∫ +∞

−∞
dKL exp

(
−i
∫
dx

√
γKLϕ

)
ψb(L,KL)

=

∫ +∞

−∞
dKL exp

(
−iLKL

2B

b
sinh

b

2

)
δ(KL ∓

√
b2 − L2

L
) exp

(
±im arcsin

(√
b2 − L2

b

))

= exp

(
−2i

√
b2 − L2

b
B sinh

b

2
+ im arcsin

(√
b2 − L2

b

))
+ c.c.

= 2 cos

(
2

√
b2 − L2

b
B sinh

b

2
−m arcsin

(√
b2 − L2

b

))
. (A.53)

When we set L < b, the delta function in (A.52) gives two complex conjugate contributions which are

both picked up with the standard contour, and so we get real and oscillating behavior.

B Distribution of norm squared of the cosmological state

B.1 Distribution of trM when eS0 is infinity

We first consider finite k and infinite S0. We look at a couple of simple examples.

trM = k, trM2 = (trM)2 = k(k + 2)

trM3 = (trM)3 = k(k − 1)(k − 2) + 3k(k − 1)3 + 15k = (k3 + 6k2 + 8k)

We consider trMn for general n. The boundary condition contains n pairs of circles. We label the

boundary conditions by a set of non-negative integers a1, ..., ak where a1 + ...+ ak = n. The number of

flavor i circles is 2ai. The number of ways of pairing them up is given by

f(ai) =
1

ai!

(
2ai
2

)(
2(ai − 1)

2

)
...

(
2

2

)
=

1

ai!

(2ai)!

2ai

So we have

trMn =
∑

a1+...+ak=n

(
n

a1

)(
n− a1
a2

)
...

(
n− a1 − ...− ak−1

ak

)
f(a1)...f(ak) (B.1)

=
∑

a1+...+ak=n

n!

a1!...ak!

(2a1)!...(2ak)!

a1!...ak!

1

2a1+...+ak
(B.2)

We consider the generating function of the distribution:

tr etM =
∑

n

tn

n!
trMn =

∑

a1,...ak

(2a1)!

(a1!)2

(
t

2

)a1

...
(2ak)!

(ak!)2

(
t

2

)ak
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=

( ∞∑

m=0

(2m)!

(m!)2

(
t

2

)m
)k

= (1− 2t)−
k
2 (B.3)

(B.3) is the generating functional for chi-squared distribution. The distribution of trM is given by

ptrM (x) =
1

2
k
2Γ(k2 )

x
k
2
−1e−

x
2

It is peaked at k as expected.

B.2 Distribution of trM when eS0 is finite

In this appendix we derive the distribution of trM for finite k and finite eS0 .

Consider trMn. We first pair up the flavor indices. As in equation (B.2), this will give a factor
(2a1)!...(2ak)!
(a1!...ak!)2

n!
2a1+...+ak

. Next, we combine these cylinders into higher topology surfaces. Say, at the end

there are bm components with 2m boundaries. We have

n∑

m=0

mbm = n

The number of ways to obtain this partition is given by

(
n

b1

)(
n− b1
2b2

)
...

(
nbn
nbn

) n∏

m=1

[(
mbm
m

)(
m(bm − 1)

m

)
...

(
m

m

)
1

bm!

]

=
n!

b1!...(nbn)!

n∏

m=1

[
(mbm)!

(m!)bmbm!

]

=
n!∏n

m=1 [(m!)bmbm!]

This partition will give a topological factor

eS0(2(b1+...+bn))−2nhb1+..+bn

where

h =

∞∑

g=0

e−2S0g =
1

1− e−2S0

accounts for the effect of handles.
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So we have

trMn =

[ ∑

a1+...+ak=n

(2a1)!...(2ak)!

(a1!...ak!)2
n!

2n

]
 ∑

b1+2b2+...+nbn=n

eS0(2(b1+...+bn)−2n) n!∏n
m=1((m!)bmbm!)

hb1+...+bn




(B.4)

Let’s solve it in the following way. Equation (B.4) implies that trM is the product of two indepen-

dent random variables:

(trM)n = AnZn

For A, we solved its distribution in appendix B.1.

etA = (1− 2t)−
k
2 (B.5)

For Z, its generating function is given by

esZ =
∑

n

trZn

n!
sn

=
∑

b1,b2...

(se−2S0)b1+2b2+...hb1+...+bne2S0(b1+b2...+) 1

(1!)b1(2!)b2 ...b1!b2!...

=

∞∏

m=1




∞∑

bm=0

(
hsme−2(m−1)S0

m!

)bm
1

bm!




=
∞∏

m=1

exp

(
hsme−2mS0e2S0

m!

)
= exp

(
he2S0

∞∑

m=1

(se−2S0)m

m!

)

= exp
(
he2S0

(
ese

−2S0 − 1
))

(B.6)

We see that Z is a Poisson distribution with rate λ = he2S0 and takes value at integer multiples of

e−2S0 .

The object we are interested in is etAZ = tr
(
etM

)
. We have

tr
(
etM

)
= etAZ =

∫
dxpA(x)etxZ

=

∫
dxpA(x) exp

(
he2S0

(
etxe

−2S0 − 1
))

= exp
(
−he2S0

) ∫
dxpA(x)

∞∑

n=0

1

n!
(he2S0)nentxe

−2S0

= exp
(
−he2S0

) ∞∑

n=0

1

n!
(he2S0)nente

−2S0A

41



= exp
(
−he2S0

) ∞∑

n=0

1

n!
(he2S0)n

(
1− 2nte−2S0

)− k
2 , (B.7)

where in going from the first to the second line we used (B.6), and to arrive at the last line we used

(B.5).

From the generating functional (B.7), the distribution of trM is given by

ptrM (x) = e−he2S0
δ(x) +

∞∑

n=1

pZ(n)pA

(
xe2S0

n

)
e2S0

n
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δ(x) +

∞∑

n=1

(he2S0)ne−he2S0

n!

e2S0

kn

(k2 )
k
2

Γ(k2 )

(
xe2S0

kn

) k
2
−1

e−
k
2

xe2S0
kn (B.8)
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