
CONTENTS CONTENTS

Enhancing sensitivity to rotations with quantum solitonic
currents

P. Naldesi1, J. Polo1,2, V. Dunjko3, H. Perrin4, M. Olshanii3, L. Amico5,6,7,8,9 and
A. Minguzzi1

1 Univ. Grenoble-Alpes, LPMMC, F-38000 Grenoble, France and CNRS, LPMMC,
F-38000 Grenoble, France

2 Quantum Systems Unit, Okinawa Institute of Science and Technology Graduate
University, Onna, Okinawa 904-0495, Japan

3 Department of Physics, University of Massachusetts Boston, Boston, MA 02125, USA
4 Laboratoire de physique des lasers, CNRS UMR 7538 and Université Paris 13
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Abstract

We study a gas of attracting bosons confined in a ring shape potential pierced
by a artificial magnetic field. Because of attractive interactions, quantum
analogs of bright solitons are formed. As a genuine quantum-many-body fea-
ture, we demonstrate that angular momentum fractionalization occurs and
that such effect manifests on time of flight measurements. As a consequence,
the matter-wave current in our system can react to very small changes of
rotation or other artificial gauge fields. We work out a protocol to entangle
such quantum solitonic currents, allowing to operate rotation sensors and gy-
roscopes to Heisenberg-limited sensitivity. Therefore, we demonstrate that
the specific coherence and entanglement properties of the system can induce
an enhancement of sensitivity to an external rotation.
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1 Introduction

Quantum coherence and quantum correlations in many-body systems are fundamental
features that separate quantum systems from classical ones. These features have been
of central importance in the development of quantum optics [1], mesoscopic physics [2],
and quantum material science [3]; and they are now at the heart of quantum technology.
Indeed, the defining goal of quantum technology is to realize new concepts of quantum
devices and simulators harnessing quantum coherence and entanglement [4–6].

A natural way to access the resources needed for quantum technologies is to refer to
quantum many-body systems in the strongly correlated regime. For example, supercon-
ducting circuits and circuit QED rely on the quantum coherence resulting from the specific
electronic (pairing) correlations occurring in superconductors [7]. In precision measure-
ment, many-body correlations have recently been used in optical lattice clocks to prepare
isolated atoms [8], allowing in turn to measure many-body effects with clock precision [9].
With atomic ensembles, massive particle entanglement has enabled a noise reduction by
a factor of 100 in a microwave clock system [10] Our system is made of attracting neutral
bosonic atoms flowing in a ring-shaped lattice potential of mesoscopic size, which sustains
a neutral persistent current flow (see Fig. 1). As a physical implementation of such a sys-
tem, we propose ultra-cold atoms [11], with a new twist provided by atomtronics [12,13].

In contrast with continuous systems, lattice rings provide a characteristic energy-band
structure, displaying bendings, foldings and energy gaps. Such features lead to a specific
protection of the bright solitons [14]. On the other hand, we shall see that the lattice
system provides a nontrivial generalization of a theorem due to Leggett [15] that predicts
the characteristic response to an applied (artificial) magnetic field in quantum rings.

While our discussions apply to any type of artificial gauge fields [16], in the following
we will refer to the case of an artificial gauge field induced by a global rotation at angular
frequency Ω. For such systems, it is found that the induced angular momentum increases
in quantized steps as a function of Ω [17,18]; correspondingly, the amplitude of persistent
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Figure 1: Schematic representation of the system. Left: Ring lattice of bosons with
attractive interactions subjected to an artificial gauge field inducing matter-wave currents
(arrows). Attractive interactions give rise to the formation of many-body bound states, i.e.
quantum analogs of bright solitons, where many particles are clustered together (right).

currents displays periodic oscillations with Ω [19,20], with a periodicity that Leggett proved
to be fixed by the effective flux quantum of the system, irrespective of particle-particle
interactions [15].

Below, we demonstrate that for strongly correlated one-dimensional bosons with at-
tractive interactions, the very nature of flux quantum is nontrivial, due to the formation
of many-body bound states. This feature has dramatic effects on the persistent current
that oscillates with a periodicity N times smaller than in the standard case corresponding
to repulsive interactions. Remarkably, the periodicity depends on interaction, which leads
to an extension of the Leggett theorem. We show how our system can be harnessed to
construct specific entangled states of persistent currents characterised by sensitivity to the
effective magnetic field reaching the Heisenberg limit (quantum advantage).

2 Physical model

2.1 Lieb-Liniger

Before treating the general case of the lattice ring, we will first assume that the density
N/L of bosons, where N is the particle number and L = 2πR is the perimeter of the
ring of radius R, is small enough to describe the system through the continuous Bose-gas
integrable theory or equivalently the Lieb-Liniger model [21]. For the lattice, that means
small filling fractions ν = N/Ns = D∆, with D = N/(NS∆) being the density and ∆
being the lattice spacing. For such systems, we can apply exact results [22].

In the frame rotating at frequency Ω, the Lieb-Liniger Hamiltonian reads

ĤLL =

N∑
j=1

1

2m
p2
j − ΩLz + g

∑
j<l

δ(xj − xl), (1)

where xi, m and the pi are, respectively, the position, mass and the momentum of each
particle, Lz =

∑N
j=1 Lz,j is the total angular momentum of the N particles and g is the

interaction strength. The Lieb-Liniger Hamiltonian can be recast to

ĤLL =
N∑
j=1

1

2m

(
pj −mΩR

)2

+ g
∑
j<l

δ(xj − xl) + EΩ, (2)

with a constant EΩ = −NmΩ2R2/2. Here, we assume periodic boundary conditions.
Using a transformation to Jacobi coordinates (see Appendix) ξl and their canonically
conjugate momenta Ql, where ξN = XCM and QN = PCM where XCM = (1/N)

∑
j xj
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and PCM =
∑

j pj are, respectively, the coordinate and momentum of the center of mass,
we find that in the Hamiltonian (2) only the center-of-mass momentum is coupled to the
artificial gauge field Ω. Correspondingly, the many-body wavefunction can be written as
Ψ(x1, ..., xN ) = ei(PCM−NmΩR)XCM/~χrelative(ξ1, ..., ξN−1). In this case, PCM = `~/R can
take any value allowed by quantization of momentum in the ring (` being an integer).
The ground-state energy reads EGS = 1

2Nm (PCM −NmΩR)2 + Eint, where Eint is the
interaction energy of the fluid, which does not depend on Ω.

For any repulsive interactions, EGS is periodic in Ω with a period Ω0 = ~/mR2 (see
Appendix). Therefore, the persistent current in the rotating frame Ip=−(Ω0/~)∂EGS/∂Ω
reflects the center-of-mass quantization, and displays the characteristic sawtooth behaviour
versus Ω [15], corresponding to a staircase behaviour of angular momentum Lz.

For attractive interactions the ground state is a many-body bound state, i.e. a
’molecule’ made of N bosons, corresponding to the quantum analog of a bright soli-
ton [14, 23, 24]. This picture arises from the exact Bethe ansatz solution; within the
regime of validity of the string hypothesis [24] (see Appendix) the ground state energy for
arbitrary Ω reads

EGS =
~2

2MR2

(
`−N Ω

Ω0

)2

− N(N2 − 1)g2

12
, (3)

where the second term accounts for the interaction energy Eint. Therefore, the above
equation shows that attracting bosons behave as a single massive object of mass M = Nm
under the effect of the artificial gauge field. The energy displays a 1/N -periodicity as a
function of the artificial gauge field, Ω, in units of Ω0 corresponding to fractionalisation
of angular momentum per particle. Transforming back to the non moving frame, we can
observe that the average persistent current per particle, Ip is also reduced by a factor N

Ip = ~
`

N
. (4)

In analogy to the fractional quantum Hall effect, in our system, the elementary particles
carrying a fraction of quantum of angular momentum are parts of composite objects. We
shall see, however, that our composite object displays a very specific dependence on the
interplay between interaction and system size.

2.2 Bose-Hubbard

We now discuss the general non-integrable case in which the lattice effects are relevant.
We assume that the boson dynamics is entailed by the Bose-Hubbard Model (BHM) [25]:

ĤBH = −J
Ns∑
j=1

(
e−iΩ̃a†jaj+1 + h.c.

)
+
U

2

Ns∑
j=1

nj (nj − 1) , (5)

where aj and a†j are site j annihilation and creation Bose operators and nj = a†jaj . The
parameters J , U in (5) are respectively the hopping amplitude and the strength of the
on-site interaction, Ns being the number of sites in the ring lattice and Ω̃

.
= 2πΩ/(Ω0Ns)

for brevity. In this study we will restrain our focus to attractive interactions U < 0.
We point out that, for the lattice model (5), the center-of-mass and relative coordinates

do not decouple (for any finite interaction). As an effect, the internal structure of the many-
body bound state is affected by the interplay between interaction and artificial gauge field
Ω (since PCM depends on Ω, and the internal structure depends on PCM ).
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Figure 2: Average angular momentum per particle (main) and ground-state energy
(inset) for bosons on a lattice ring as a function of artificial gauge field, from numeri-
cal exact diagonalization calculations: a) at varying particle number, for chosen values
of interaction strength as indicated on the figure, b) for various values of interaction
strength at fixed N = 4. Panel c) shows the corresponding predictions from the mean-
field Gross-Pitaevskii equation for zero and finite attractive interactions indicated by the
dimensionless parameter g0 = mgL/~2. The angular momentum per particle is obtained

as ~` =
Meff

M

(
~Ip
Ω0

+ Ω
∂2EGS
∂Ω2

∣∣∣∣
Ω=0

)
, with Meff being the effective mass of the bound

state in the lattice. Simulation have been carried out on a system of Ns = 14 sites.

3 Results

3.1 Fractionalization of currents in the Bose–Hubbard model

Here, we find that the periodicity of the persistent current for lattice rings does depend
on interaction. We remark that such a ’non-perfect’ fractionalization (see Fig. 2(b)) is
observed for solitons that are properly formed in the system (i.e. when the system size
is larger than the correlation length of the density-density correlations). Fig. 2 shows
our numerical results (confirmed by exactly solving the BHM in the 2-particle sector–see
Appendix) for the ground-state energy, persistent currents and angular momentum: also
in the lattice nonintegrable case the 1/N periodicity in Ω/Ω0 of the persistent currents
emerges, as well as fractionalization of angular momentum. Indeed, these features, though,
are affected by the interplay between system size and interaction strength. The 1/N peri-
odicity is found when interactions are sufficiently large: In these conditions, the ’size of the
many-body bound state’, defined as the typical decay length of the density-density corre-
lations [14], is smaller than the size of the system. Upon decreasing the interactions, the
many-body bound state spreads more and more over the sites making the solitonic nature
of the state less and less pronounced (see Appendix). We remark that all the observed fea-
tures are purely quantum many-body effects tracing back to specific quantum correlations:
Indeed, mean-field Gross-Pitaevskii equation (corresponding to a non-entangled ground
state) provides persistent currents displaying no fractionalization, independently on the
strength of the interaction (see Fig. 2, c and Appendix F).
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Figure 3: a-b-c Density plot of the TOF expansion for different values of the artificial
gauge field in a system of N = 4 particles and Ns = 11 lattice sites. d Renormalized
width σTOF/σTOF(Ω = 0) of the time of flight density distribution, n(k), for different
number of particles, and interactions U/J = −0.6, U/J = −1 and U/J = −3 respectively.
For the sake of graphical clarity, each curve is offset by 0.05. Note how the TOF density
distribution width abruptly changes with the increase of the strength of the artificial gauge
field, and how the sensitivity proportionally increases with the number of particles. In all
the calculations we have approximated the Wannier functions with Gaussians functions
with width δ = a/

√
2π with a the lattice spacing.

3.2 Time of flight measurement

Remarkably, the afore discussed angular momentum fractionalization and persistent cur-
rent periodicity emerge in the time-of-flight (TOF) distributions of the atoms after releas-
ing the trap confinement and switching off interactions. We obtain it from

n(k) = |w(k)|2
∑
j,l

eik·(xj−xl)〈a†jal〉, (6)

where xj indicates the position of the lattice sites in the plane of the ring and w(k) is the
Fourier transform of the Wannier function of the lattice [26]. Instead of the characteristic
wide `-dependent minimum (’hole’) arising for zero or repulsive interactions [17, 18], we
find no clear hole at k = 0 for the attractive case Fig. 3. Such a feature is due to
the reduction of coherence implied by the solitonic many-body bound state. Despite the
seemingly featureless momentum distribution, we find that fractional steps of the mean-
square radius of the distribution for Ω/Ω0 = `/N [27]. This effect provides the univocal
signature of 1/N fractionalization of angular momentum in the presence of a many-body
bound state.
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3.3 Entangling states with different angular momentum

We finally show how the scenario above can be harnessed to construct entangled states of
different current states with quantum advantage for atom interferometry. For this purpose
we follow the method proposed in [28] and illustrated in Figure 4.
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E(⌦)

Figure 4: Schematic representation of the protocol. By quenching the flux in the system
from 0 to Ω0, the two states |Ω1〉 and |Ω2〉 are dynamically entangled.

The protocol, described in the following, is based on the idea that by quenching the flux
in the system, we can dynamically entangle any pair of ground states of the Hamiltonian
(5) at different Ω/Ω0. More precisely, let |Ω1〉 and |Ω2〉 be two ground states of (5)
for Ω1 = 0 and Ω2 = Ω0 respectively. After initializing the system in |Ω1〉, the flux is
quenched to Ωf = (Ω2 − Ω1)/2 = Ω0/2, exactly the value of flux for which such two
states are degenerate in energy. Since Hamiltonian (5) commutes with the total angular
momentum, to entangle states with different angular momentum the discrete rotational
invariance of the system needs to be broken. The ring is then interrupted by adding a
localized potential barrier of strength ∆0, leading to an additional term in the Hamiltonian
of the form Ĥb = ∆0nj=L/2

The state of the system will then evolve as:

|ψ(t)〉 = e−i[ĤBH(Ωf )+Ĥb]t |Ω1〉 (7)

To analyse the nature of the state during the time evolution, we calculate its fidelity over
the equal superposisiton of the two target states, |Ω1〉 and |Ω2〉, as well as the current in
the ring.

F(t) = | 〈ψ(t)|ψNOON 〉 |2 with |ψNOON 〉 =
1√
2

(|Ω1〉+ |Ω2〉) (8)

I(t) = −iJe−iΩ̃1
∑
j

〈ψ(t)|(a†j+1aj − h.c.)|ψ(t)〉 (9)
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(b)

Figure 5: Creation of entangled states of angular momentum with quantum solitons.
a Exact many-body dynamics of the current (in units of the hopping constant J) fol-
lowing a quench from Ω/Ω0 = 0 to Ω/Ω0 = 1/2. Here we set Ns = 28, N = 3,
U/J = −0.51 and ∆0/J = 0.015. At one quarter of oscillation period, the superposi-
tion |ψ〉= 1√

2
(|lz=0〉+ |lz=N〉) is formed, with a fidelity very close to 1. No fine tuning

of parameter is required. b Scaling of the quantum Fisher information with particle num-
bers, showing that it reaches the Heisenberg limit FQ ∝ N2. The system parameters are
described in the supplementary material.

Remarkably, this procedure dynamically entangles the angular momentum state at
Ω = 0, i.e. lz = 0, with the one at Ω = Ω0, i.e. lz = N (see again Fig. 2), yielding
|ψ〉NOON = 1√

2
(|lz = 0〉+ |lz = N〉) when the current reaches the half of its maximum

value. We note that such entangled states are superposition of current states, which
are dual to the “NOON” states defined in the particle-number Fock basis [29]. The

response of such a state to an external rotation is |ψ(φ)〉 = eiφL̂z/~ |ψ〉NOON , and the
quantum Fisher information [30,31] reads FQ = 4

(
〈ψ′(φ)|ψ′(φ)〉 − | 〈ψ′(φ)|ψ(φ)〉 |2

)
, being

|ψ′(φ)〉 = ∂ |ψ(φ)〉 /∂φ. For our state we find FQ ∼ N2, i.e. it reaches the Heisenberg limit
- see Fig. 5. The corresponding sensitivity δφ, therefore, is

δφ ≥ 1

(FQ)1/2
=

1

N
, (10)

This shows that entangled states of quantum solitons with different angular momenta lead
to a quantum advantage of the sensitivity.

3.3.1 Quench parameters

The oscillation period of the current, that is inversely proportional to the gap induced by
the barrier at the crossing between |Ω1〉 and |Ω2〉, can be modified by tuning the potential
barrier strength ∆0. The physical parameters we used to obtain the data shown in Fig. 5,
panel (b) are obtained as follows: for each value of N we choose U in order to have the same
spatial size of the many-body bound state as obtained by the study of the density-density
spatial correlation function. The final choices are summarized in the Table 1 below.
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4 CONCLUSIONS

N U/J ∆0/J

2 -1.06 0.05
3 -0.72 0.03
4 -0.52 0.025
5 -0.40 0.01

Table 1: Choice of parameters for the study of the quench dynamics. At varying particle
numbers, we have chosen the interaction stregth and the barrier strength in such a way
that the many-body bound state has the same size. All the calculations are performed
with Ns = 20.

4 Conclusions

In this work we present the first stages for creating a solitonic-based matter wave interfer-
ometer [32] and how to one can harness many-body effects to obtain a precision beyond
the standard classical limits [33–35]. A more thorough analysis for experimentally realistic
scenarios can be explored including quantum/thermal noise [36,37].

Summarizing, we have demonstrated that attracting bosons on a ring display frac-
tionalization of angular momentum. On the fundamental level, such feature represents
a remarkable extension of well known predictions for repulsively interacting bosons due
to Byers-Yang-Onsager-Leggett [15, 19, 20]: The many-body bound-state nature of the
ground state of attractive bosons implies fractional angular momenta per particle; inter-
actions do not change the fractionalization on a continuous ring but they do affect it in
the generic (lattice) system in which also the relative coordinate of the particles are sen-
sitive to Ω. These dependence is related to the formation of solitons/bound-states which
can only be fully formed when their characteristic length is smaller than the system size,
Such features are due to the entanglement in the ground state: the effect vanishes in
the Gross-Pitaevskii limit in which the many-body wave function describes a factorized
state. The 1/N fractionalization can be observed experimentally by studying the system’s
momentum distribution; the observation of such effect would provide the evidence of the
formation of many-body quantum solitons beyond the Gross-Pitaevskii mean-field regime.

We note that, because of the formation of quantum solitons, an enhanced control on
N in the experiments is expected; in the lattice such value is protected by a finite gap [14].
The fractionalization of the angular momentum can define protocols to measure the num-
ber of particles in cold atoms experiments. Our results yield a N -factor enhancement in
the sensitivity of attracting bosons to an artificial gauge field. We have provided a protocol
to prepare a superposition of current states, explicitly exploiting the strong correlations,
and we demonstrated that this state has a quantum Fisher information scaling as N2,
thus allowing to reach the Heisenberg limit in atomic interferometry.

Acknowledgments. The Grenoble LANEF framework (ANR-10-LABX-51-01) is ac-
knowledged for its support with mutualized infrastructure. We thank National Research
Foundation Singapore and the Ministry of Education Singapore Academic Research Fund
Tier 2 (Grant No. MOE2015-T2-1-101) and ANR SuperRing (ANR-15-CE30-0012) for
support. LPL is a member DIM SIRTEQ (Science et Ingénierie en Région Île-de-France
pour les Technologies Quantiques).
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A SEPARATION OF CENTER-OF-MASS AND RELATIVE COORDINATES

A Separation of center-of-mass and relative coordinates

We detail here the coordinate transformation to center-of-mass and relative coordinates.
We introduce the Jacobi coordinates

y1

y2

. . .
yN

 = MJac ·


x1

x2

. . .
xN

 ,

with the Jacobi matrix given by

MJac =



1 −1 0 0 · · · 0
1
2

1
2 −1 0 · · · 0

1
3

1
3

1
3 −1 · · · 0

· · · · · · · · · · · · · · · 0
1

N−1
1

N−1
1

N−1
1

N−1 · · · −1
1
N

1
N

1
N

1
N · · · 1

N

 . (11)

Here, yN = XCM ≡
∑N

l=1 xl
N is the center-of-mass coordinate we want to separate out. The

Jacobi matrix (11) is however not orthogonal (i.e. it is not a rotation). Nonetheless, the
matrix MJac can be easily converted to a pure rotation RJac via the rescaling:

RJac = diag

(√
1

2
,

√
2

3
, . . . ,

√
N − 1

N
,
√
N

)
·MJac . (12)

where diag(. . . ) is a diagonal matrix, with the numbers in the parenthesis specifying the
diagonal matrix elements. Indeed one can straightforwardly verify that RJac · R>Jac = 1,
where R>Jac is a transpose of RJac.

We define then the coordinates
z1

z2

. . .
zN

 = RJac ·


x1

x2

. . .
xN

 .

Note that zN =
√
NXCM.

Let us now introduce one final transformation, which brings us back to XCM as one of
the variables, while keeping the Jacobian determinant of the transformation equal to one:

ξl = N
1

2(N−1) zl, l = 1, 2, . . . , N − 1

ξN =
1√
N
zN = XCM .

This defines the relative and center-of-mass coordinates used in the main text.
By a similar procedure one can identify the transformation to the Jacobi momenta Ql,

canonically conjugate to ξl, where QN =
∑N

j=1 pj = PCM is the center-of-mass momentum.

In particular, by introducing a set of momenta ~Pz = RJac~p, with the same Jacobi matrix
RJac as the one used for spatial coordinates, one can show that Ql = αPzl for l = 1, ...N−1
with α = N−1/[2(N−1)], and QN =

√
NPzN = PCM

10



B EXACT BETHE ANSATZ RESULTS FOR THE CONTINUOUS RING

The final Hamiltonian then reads

H =
N−1∑
j=1

1

2µN
Q2
j + Vint(ξ1, ..., ξN−1)

+
1

2M
(PCM −NmΩR)2 (13)

where µN ≡ N−
1

(N−1)m is the mass of the relative problem, M = Nm is the total mass.

B Exact Bethe Ansatz results for the continuous ring

We start from the Lieb-Liniger model Eq.(1) of the main text, where we drop the constant
EΩ:

HLL =

N∑
j=1

1

2m

(
pj −mΩR

)2

+ g
∑
j<l

δ(xj − xl), (14)

For the Lieb-Liniger model, the total momentum and energy are PCM = ~
∑N

j=1 kj

and E = (~2/2m)
∑N

j=1 k
2
j respectively, where the kj are obtained by solving the Bethe

equations [22]

kj =
2Ijπ

L
+ 2π

Ω

Ω0L
−

N∑
`=1

arctan

(
kj − k`
c

)
, (15)

j = 1, ..., N

where c = 2mg/~2, L = 2πR is the ring circumference and Ij is a set of integer (semi-
integer) numbers defining the state of the system. For repulsive interactions, all the
kj ’s are real. For 2lπ/L ≤ Ω ≤ 2(l + 1)π/L, the ground states can be obtained by
Ij = −(N − 1)/2 + j + `, with integer `, yielding a center of mass momentum given by
PCM = ~

∑
j kj = `N~/R, as readily follows by noticing that arctan[(kj −k`)/c] is an odd

function.
For repulsive interactions, the allowed values for the center of mass are integer multiples

of 2pF , where pF = ~N/2R, yielding

EGS =
N~2

2mR2
(`− Ω/Ω0)2 + Eint (16)

with Ω0 = ~/mR2. The ground state energy hence results periodic in Ω with period Ω0

and the persistent current, obtained as Ip = −(Ω0/~)∂EGS/∂Ω, reflects the center-of-mass
quantization for any value of interaction strengths.

For attractive interactions the Bethe equations of Eq. (15) admits complex solutions
and the ground state corresponds to a many-body bound state: kj = κ− i(n+ 1− 2j)g/2,
j = 1 . . . n. Such n string solutions holds also for Ω 6= 0, since the scattering matrix is not
affected by Ω. The ground state of Eq. (14) is made of a single n = N -string, yielding
Eq.(3) of the main text. Here we point out that string hypothesis holds for cL→∞. The
finite size corrections to the string solutions (for recent references, see [38, 39]) can affect
the interaction energy Eint.
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D TWO-PARTICLE EXACT SOLUTION

C Numerical Methods

Here we present the numerical techniques that have been used to obtain the results pre-
sented in this paper. We solve the eigenvalue problem by writing the Hamiltonian, Ĥ, as
a matrix Hij in the Fock basis. This basis is then hashed in a more efficient form [40]
in order to write the Hamiltonian in a sparse way. In particular, our numerical code is
written in Python and the sparse Hamiltonian is diagonalized using ARPACK within the
SciPy library. We have performed simulations with Ns = 11 to Ns = 24 sites and N = 2
to N = 6 particles, with a Hilbert space dimension up to 5 ∗ 105, for different values of
the flux Ω/Ω0. Simulations have also been benchmarked with DMRG [41] data. After

solving the eigenvalue problem, the correlation function Clk = 〈a†l ak〉 is calculated using
the ground state of the system and is used to obtain the time-of-flight results of Fig. 3.

D Two-particle exact solution

In the N = 2 sector, the Bose-Hubbard model the many-body wavefunction can be
obtained using the coordinated Bethe Ansatz approach. Therefore, the ground-state
energy and correlation functions can be accessed exactly. We generalize Ref. [42] to
include the presence of an artificial gauge field in the Hamiltonian. Here, we gauge
away the Peirerls factors in the Hamiltonian and we impose twisted boundary conditions:
âNs+1 = e2πiΩ/Ω0 â1. A general two particle state can be written as:

|φ〉 =

Ns∑
j,k=1

φjkâ
†
j â
†
k|0〉 (17)

where φjk is the two-partcile wavefunction, symmetric under the exchange of j and k, and
normalized to unity. The energy of the system is found by solving the time-independent
Schrödinger equation Ĥ|φ〉 = E|φ〉 using the Bethe Ansatz technique. In the center-of-
mass and relative discrete dimensionless coordinates X=(j+k)/2, x=j−k and P =p1+p2,
p=(p1 − p2)/2 the wavefunction φjk reads:

φjk = eiPX
(
a12e

ip|x| + a21e
−ip|x|

)
. (18)

The energy eigenvalues of the two-particle system are given by E=−4J cos(P+Ω
2 ) cos(p).

The center of mass momentum is obtained by imposing twisted boundary conditions and
quantization of the ring:

Pn =
2π

Ns
(n− 2Ω/Ω0), (19)

For the BHM the relative momentum p is obtained by the condition:

(−1)neip(Ns+1) = y (Pn, p) (20)

with

y (Pn, p) ≡
a21

a12
= −

U
4J0
− i cos

(
P
2

)
sin(p)

U
4J0

+ i cos
(
P
2

)
sin(p)

. (21)

It is interesting to compare the BH and the Lieb-Liniger pictures. In the latter case,
the equations to solve are

eipL = Y (p) (22)
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E FINITE-SIZE EFFECTS

with

Y (p) ≡ a21

a12
= −c− ip

c+ ip
. (23)

Note that, in contrast with the BH case, Eqs.(22), (23) are decoupled, i.e. the center
of mass momentum P decouples to the relative momentum. As a result, the imaginary
part of the momentum p is independent on Ω; this feature implies that the periodicity
of the ground state energy does not change with the interaction strength. For the BHM,
instead, P and p are coupled; this feature has a clear effect in the periodicty of the ground
state energy. In conclusion, in the BHM the dependence of the periodicity on interactions
is an effect of the coupling between center of mass and relative momentum.

Note that by solving Eqs.(20), (21) becomes fully determined. Thus, the time of flight
images can be then readily evaluated by:

n(k) =

Ns∑
j,l=1

eik·(xj−xl)〈a†jal〉

=

Ns∑
j,l=1

eik·(xj−xl)+iΩ(j−l)/Ω0
∑
n

φ∗jnφnl (24)
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Figure 6: a Density plot of the renormalized energy difference between the N -times
periodicity and the nonrotating system for N = 2. Solid lines gives the threshold
for which E(U,Ns, N) < 10−3. In figure b we show the threshold given by condition
E(U,Ns, N) < 10−3 for different number of particles and system sizes.

E Finite-size effects

In order to relate the size of the many-body bound state and the periodicity of the currents
we analyze the dependence of the ground-state energy on the artificial gauge flux Ω/Ω0

for various values of interaction strength U and different system sizes Ns.
We estimate the spatial size associated to the many-body bound state by studying the

exponential decay of the density-density correlations [14]

〈njnj+r〉 ≈ exp[−r/ξ]. (25)

13



F MEAN-FIELD THEORY

We quantify the quality of the 1/N periodicity of the ground-state energy E(Ω) by
calculating

E(U,Ns, N) =
|E(Ω = Ω0/N)− E(Ω = 0)|

E(Ω = 0)
, (26)

such that E(U,Ns, N) = 0 corresponds to a perfect 1/N periodicity.
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Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>
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<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>
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<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>
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<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>
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<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>
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<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>
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<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>
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<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>
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<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>
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<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>
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<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>
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<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>
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<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>
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<latexit sha1_base64="uBByiRcFNtibIEKHVt8fLXtBi/E=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU92Voh6LXsRTRbcttEvJptk2NMkuSVYoS3+CFw+KePUXefPfmLZ70NYHA4/3ZpiZFyacaeO6305hZXVtfaO4Wdra3tndK+8fNHWcKkJ9EvNYtUOsKWeS+oYZTtuJoliEnLbC0c3Ubz1RpVksH804oYHAA8kiRrCx0oN/dtcrV9yqOwNaJl5OKpCj0St/dfsxSQWVhnCsdcdzExNkWBlGOJ2UuqmmCSYjPKAdSyUWVAfZ7NQJOrFKH0WxsiUNmqm/JzIstB6L0HYKbIZ60ZuK/3md1ERXQcZkkhoqyXxRlHJkYjT9G/WZosTwsSWYKGZvRWSIFSbGplOyIXiLLy+T5nnVu6jW7muV+nUeRxGO4BhOwYNLqMMtNMAHAgN4hld4c7jz4rw7H/PWgpPPHMIfOJ8/tjGNbw==</latexit>

U/J

Figure 7: Density-density correlations Cj,j+r for N = 4 within, U/J = −1.2 in panel a,
and outside, U/J = −0.6 in panel b, the regime where the system presents an increase of
the periodicity of the current.

Figure (6)(a) shows the density plot E(U,Ns, N) for a fixed number of particles N = 2.
In this figure, we show that for large U and a sufficiently large system size, the periodicity
of the ground-state energy is increased by a factor N with respect to the noninteracting
case. In Fig. 6(b) we calculated the threshold for which the minimum of the N -time peri-
odicity is obtained within an error of 0.1%, i.e. E < 10−3, for different number of particles
(corresponding to the solid line in Fig. 6(a)). Finally we compare the density-density cor-
relations 〈njnj+r〉 for two different points in the density plot shown in Fig. 7, one within
the region, in panel (b), where the current presents N -time periodicity and one outside,
in panel (b). Indeed, comparing Fig.7 and Fig.8, we can demonstrate that the size of the
soliton, which depends on U for a fixed number of particles, must be smaller than Ns in
order to observe the enhanced sensitivity presented in this paper.

F Mean-field theory

Here we provide extra data on the mean field Gross-Pitaevskii, which in the rotating frame
is given by:

i~
∂

∂t
Ψ =

[
~2

2m

(
−i ∂
∂x
− 2π

L

Ω

Ω0

)2

+ g|Ψ|2
]

Ψ. (27)

For repulsive interactions, mean-field theory predicts no change in the energy landscape,
which is made of parabolas all centered around integer values of the flux quantization
Ω0. However, for the attractive case, where solitons are formed [43], the circulation is
no longer quantized, and the system reacts to the induced rotation. This breaking of the
quantization reflects on the current as a smoothening with no discontinuity at half values
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c

<latexit sha1_base64="snC9BC5cxnD1W4ShdfHMe7UgtR8=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxIncGoyXRxhIT+YhAyNwy4Ia9vcvunJFc8FfYamVnbP0vFv4X75BCwVe9vDeTefP8SElLrvvp5JaWV1bX8uuFjc2t7Z3i7l7DhrERWBehCk3LB4tKaqyTJIWtyCAEvsKmP7rM/OY9GitDfUPjCLsBDLUcSAGUSrcdwgfyB4mY9Iolt+xOwReJNyMlNkOtV/zq9EMRB6hJKLC27bkRdRMwJIXCSaETW4xAjGCI7ZRqCNB2k2niCT+KLVDIIzRcKj4V8fdGAoG148BPJwOgOzvvZeJ/XjumwXk3kTqKCbXIDpFUOD1khZFpFcj70iARZMmRS80FGCBCIzkIkYpx2k0h7cOb/36RNE7KXqV8el0pVS9mzeTZATtkx8xjZ6zKrliN1Zlgmj2xZ/biPDqvzpvz/jOac2Y7++wPnI9v0/OVrw==</latexit>

d

<latexit sha1_base64="DqP1dr9HH4cbsKPAMYpLEN4JQSk=">AAAB/HicbVA9TwJBEJ3DL8Qv1NJmIzGxIncGoyXRxhIT+YhAyN4y4Ia9vcvunJFc8FfYamVnbP0vFv4Xj5NCwVe9vDeTefP8SElLrvvp5JaWV1bX8uuFjc2t7Z3i7l7DhrERWBehCk3L5xaV1FgnSQpbkUEe+Aqb/uhy6jfv0VgZ6hsaR9gN+FDLgRScUum2Q/hA/iDpT3rFklt2M7BF4s1ICWao9YpfnX4o4gA1CcWtbXtuRN2EG5JC4aTQiS1GXIz4ENsp1TxA202yxBN2FFtOIYvQMKlYJuLvjYQH1o4DP50MON3ZeW8q/ue1YxqcdxOpo5hQi+khkgqzQ1YYmVaBrC8NEvFpcmRSM8ENJ0IjGRciFeO0m0Lahzf//SJpnJS9Svn0ulKqXsyaycMBHMIxeHAGVbiCGtRBgIYneIYX59F5dd6c95/RnDPb2Yc/cD6+AdWDlbA=</latexit>
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<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

b

<latexit sha1_base64="nG3RQOthh/A/UtN9FmBPu+qmclU=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxIncGoyXRxhIT+YhAyNwy4Ia9vcvunJFc8FfYamVnbP0vFv4X75BCwVe9vDeTefP8SElLrvvp5JaWV1bX8uuFjc2t7Z3i7l7DhrERWBehCk3LB4tKaqyTJIWtyCAEvsKmP7rM/OY9GitDfUPjCLsBDLUcSAGUSrcdwgfyB4k/6RVLbtmdgi8Sb0ZKbIZar/jV6YciDlCTUGBt23Mj6iZgSAqFk0InthiBGMEQ2ynVEKDtJtPEE34UW6CQR2i4VHwq4u+NBAJrx4GfTgZAd3bey8T/vHZMg/NuInUUE2qRHSKpcHrICiPTKpD3pUEiyJIjl5oLMECERnIQIhXjtJtC2oc3//0iaZyUvUr59LpSql7MmsmzA3bIjpnHzliVXbEaqzPBNHtiz+zFeXRenTfn/Wc058x29tkfOB/f0mOVrg==</latexit>

a

<latexit sha1_base64="Q3zDmvKkstIrxnYFzy3ZLc4e60s=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxIncGoyXRxhIT+YhAyNwy4Ia9vcvunJFc8FfYamVnbP0vFv4X75BCwVe9vDeTefP8SElLrvvp5JaWV1bX8uuFjc2t7Z3i7l7DhrERWBehCk3LB4tKaqyTJIWtyCAEvsKmP7rM/OY9GitDfUPjCLsBDLUcSAGUSrcdwgfyBwlMesWSW3an4IvEm5ESm6HWK351+qGIA9QkFFjb9tyIugkYkkLhpNCJLUYgRjDEdko1BGi7yTTxhB/FFijkERouFZ+K+HsjgcDaceCnkwHQnZ33MvE/rx3T4LybSB3FhFpkh0gqnB6ywsi0CuR9aZAIsuTIpeYCDBChkRyESMU47aaQ9uHNf79IGidlr1I+va6UqhezZvLsgB2yY+axM1ZlV6zG6kwwzZ7YM3txHp1X5815/xnNObOdffYHzsc30NOVrQ==</latexit>

c

<latexit sha1_base64="snC9BC5cxnD1W4ShdfHMe7UgtR8=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxIncGoyXRxhIT+YhAyNwy4Ia9vcvunJFc8FfYamVnbP0vFv4X75BCwVe9vDeTefP8SElLrvvp5JaWV1bX8uuFjc2t7Z3i7l7DhrERWBehCk3LB4tKaqyTJIWtyCAEvsKmP7rM/OY9GitDfUPjCLsBDLUcSAGUSrcdwgfyB4mY9Iolt+xOwReJNyMlNkOtV/zq9EMRB6hJKLC27bkRdRMwJIXCSaETW4xAjGCI7ZRqCNB2k2niCT+KLVDIIzRcKj4V8fdGAoG148BPJwOgOzvvZeJ/XjumwXk3kTqKCbXIDpFUOD1khZFpFcj70iARZMmRS80FGCBCIzkIkYpx2k0h7cOb/36RNE7KXqV8el0pVS9mzeTZATtkx8xjZ6zKrliN1Zlgmj2xZ/biPDqvzpvz/jOac2Y7++wPnI9v0/OVrw==</latexit>

d

<latexit sha1_base64="DqP1dr9HH4cbsKPAMYpLEN4JQSk=">AAAB/HicbVA9TwJBEJ3DL8Qv1NJmIzGxIncGoyXRxhIT+YhAyN4y4Ia9vcvunJFc8FfYamVnbP0vFv4Xj5NCwVe9vDeTefP8SElLrvvp5JaWV1bX8uuFjc2t7Z3i7l7DhrERWBehCk3L5xaV1FgnSQpbkUEe+Aqb/uhy6jfv0VgZ6hsaR9gN+FDLgRScUum2Q/hA/iDpT3rFklt2M7BF4s1ICWao9YpfnX4o4gA1CcWtbXtuRN2EG5JC4aTQiS1GXIz4ENsp1TxA202yxBN2FFtOIYvQMKlYJuLvjYQH1o4DP50MON3ZeW8q/ue1YxqcdxOpo5hQi+khkgqzQ1YYmVaBrC8NEvFpcmRSM8ENJ0IjGRciFeO0m0Lahzf//SJpnJS9Svn0ulKqXsyaycMBHMIxeHAGVbiCGtRBgIYneIYX59F5dd6c95/RnDPb2Yc/cD6+AdWDlbA=</latexit>
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<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

b

<latexit sha1_base64="nG3RQOthh/A/UtN9FmBPu+qmclU=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxIncGoyXRxhIT+YhAyNwy4Ia9vcvunJFc8FfYamVnbP0vFv4X75BCwVe9vDeTefP8SElLrvvp5JaWV1bX8uuFjc2t7Z3i7l7DhrERWBehCk3LB4tKaqyTJIWtyCAEvsKmP7rM/OY9GitDfUPjCLsBDLUcSAGUSrcdwgfyB4k/6RVLbtmdgi8Sb0ZKbIZar/jV6YciDlCTUGBt23Mj6iZgSAqFk0InthiBGMEQ2ynVEKDtJtPEE34UW6CQR2i4VHwq4u+NBAJrx4GfTgZAd3bey8T/vHZMg/NuInUUE2qRHSKpcHrICiPTKpD3pUEiyJIjl5oLMECERnIQIhXjtJtC2oc3//0iaZyUvUr59LpSql7MmsmzA3bIjpnHzliVXbEaqzPBNHtiz+zFeXRenTfn/Wc058x29tkfOB/f0mOVrg==</latexit>

a

<latexit sha1_base64="Q3zDmvKkstIrxnYFzy3ZLc4e60s=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxIncGoyXRxhIT+YhAyNwy4Ia9vcvunJFc8FfYamVnbP0vFv4X75BCwVe9vDeTefP8SElLrvvp5JaWV1bX8uuFjc2t7Z3i7l7DhrERWBehCk3LB4tKaqyTJIWtyCAEvsKmP7rM/OY9GitDfUPjCLsBDLUcSAGUSrcdwgfyBwlMesWSW3an4IvEm5ESm6HWK351+qGIA9QkFFjb9tyIugkYkkLhpNCJLUYgRjDEdko1BGi7yTTxhB/FFijkERouFZ+K+HsjgcDaceCnkwHQnZ33MvE/rx3T4LybSB3FhFpkh0gqnB6ywsi0CuR9aZAIsuTIpeYCDBChkRyESMU47aaQ9uHNf79IGidlr1I+va6UqhezZvLsgB2yY+axM1ZlV6zG6kwwzZ7YM3txHp1X5815/xnNObOdffYHzsc30NOVrQ==</latexit>

c

<latexit sha1_base64="snC9BC5cxnD1W4ShdfHMe7UgtR8=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxIncGoyXRxhIT+YhAyNwy4Ia9vcvunJFc8FfYamVnbP0vFv4X75BCwVe9vDeTefP8SElLrvvp5JaWV1bX8uuFjc2t7Z3i7l7DhrERWBehCk3LB4tKaqyTJIWtyCAEvsKmP7rM/OY9GitDfUPjCLsBDLUcSAGUSrcdwgfyB4mY9Iolt+xOwReJNyMlNkOtV/zq9EMRB6hJKLC27bkRdRMwJIXCSaETW4xAjGCI7ZRqCNB2k2niCT+KLVDIIzRcKj4V8fdGAoG148BPJwOgOzvvZeJ/XjumwXk3kTqKCbXIDpFUOD1khZFpFcj70iARZMmRS80FGCBCIzkIkYpx2k0h7cOb/36RNE7KXqV8el0pVS9mzeTZATtkx8xjZ6zKrliN1Zlgmj2xZ/biPDqvzpvz/jOac2Y7++wPnI9v0/OVrw==</latexit>

d

<latexit sha1_base64="DqP1dr9HH4cbsKPAMYpLEN4JQSk=">AAAB/HicbVA9TwJBEJ3DL8Qv1NJmIzGxIncGoyXRxhIT+YhAyN4y4Ia9vcvunJFc8FfYamVnbP0vFv4Xj5NCwVe9vDeTefP8SElLrvvp5JaWV1bX8uuFjc2t7Z3i7l7DhrERWBehCk3L5xaV1FgnSQpbkUEe+Aqb/uhy6jfv0VgZ6hsaR9gN+FDLgRScUum2Q/hA/iDpT3rFklt2M7BF4s1ICWao9YpfnX4o4gA1CcWtbXtuRN2EG5JC4aTQiS1GXIz4ENsp1TxA202yxBN2FFtOIYvQMKlYJuLvjYQH1o4DP50MON3ZeW8q/ue1YxqcdxOpo5hQi+khkgqzQ1YYmVaBrC8NEvFpcmRSM8ENJ0IjGRciFeO0m0Lahzf//SJpnJS9Svn0ulKqXsyaycMBHMIxeHAGVbiCGtRBgIYneIYX59F5dd6c95/RnDPb2Yc/cD6+AdWDlbA=</latexit>
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<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
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Ns
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Ns
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Ns
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Ns
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Ns
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Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

b

<latexit sha1_base64="nG3RQOthh/A/UtN9FmBPu+qmclU=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxIncGoyXRxhIT+YhAyNwy4Ia9vcvunJFc8FfYamVnbP0vFv4X75BCwVe9vDeTefP8SElLrvvp5JaWV1bX8uuFjc2t7Z3i7l7DhrERWBehCk3LB4tKaqyTJIWtyCAEvsKmP7rM/OY9GitDfUPjCLsBDLUcSAGUSrcdwgfyB4k/6RVLbtmdgi8Sb0ZKbIZar/jV6YciDlCTUGBt23Mj6iZgSAqFk0InthiBGMEQ2ynVEKDtJtPEE34UW6CQR2i4VHwq4u+NBAJrx4GfTgZAd3bey8T/vHZMg/NuInUUE2qRHSKpcHrICiPTKpD3pUEiyJIjl5oLMECERnIQIhXjtJtC2oc3//0iaZyUvUr59LpSql7MmsmzA3bIjpnHzliVXbEaqzPBNHtiz+zFeXRenTfn/Wc058x29tkfOB/f0mOVrg==</latexit>

a

<latexit sha1_base64="Q3zDmvKkstIrxnYFzy3ZLc4e60s=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxIncGoyXRxhIT+YhAyNwy4Ia9vcvunJFc8FfYamVnbP0vFv4X75BCwVe9vDeTefP8SElLrvvp5JaWV1bX8uuFjc2t7Z3i7l7DhrERWBehCk3LB4tKaqyTJIWtyCAEvsKmP7rM/OY9GitDfUPjCLsBDLUcSAGUSrcdwgfyBwlMesWSW3an4IvEm5ESm6HWK351+qGIA9QkFFjb9tyIugkYkkLhpNCJLUYgRjDEdko1BGi7yTTxhB/FFijkERouFZ+K+HsjgcDaceCnkwHQnZ33MvE/rx3T4LybSB3FhFpkh0gqnB6ywsi0CuR9aZAIsuTIpeYCDBChkRyESMU47aaQ9uHNf79IGidlr1I+va6UqhezZvLsgB2yY+axM1ZlV6zG6kwwzZ7YM3txHp1X5815/xnNObOdffYHzsc30NOVrQ==</latexit>

c

<latexit sha1_base64="snC9BC5cxnD1W4ShdfHMe7UgtR8=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxIncGoyXRxhIT+YhAyNwy4Ia9vcvunJFc8FfYamVnbP0vFv4X75BCwVe9vDeTefP8SElLrvvp5JaWV1bX8uuFjc2t7Z3i7l7DhrERWBehCk3LB4tKaqyTJIWtyCAEvsKmP7rM/OY9GitDfUPjCLsBDLUcSAGUSrcdwgfyB4mY9Iolt+xOwReJNyMlNkOtV/zq9EMRB6hJKLC27bkRdRMwJIXCSaETW4xAjGCI7ZRqCNB2k2niCT+KLVDIIzRcKj4V8fdGAoG148BPJwOgOzvvZeJ/XjumwXk3kTqKCbXIDpFUOD1khZFpFcj70iARZMmRS80FGCBCIzkIkYpx2k0h7cOb/36RNE7KXqV8el0pVS9mzeTZATtkx8xjZ6zKrliN1Zlgmj2xZ/biPDqvzpvz/jOac2Y7++wPnI9v0/OVrw==</latexit>

d

<latexit sha1_base64="DqP1dr9HH4cbsKPAMYpLEN4JQSk=">AAAB/HicbVA9TwJBEJ3DL8Qv1NJmIzGxIncGoyXRxhIT+YhAyN4y4Ia9vcvunJFc8FfYamVnbP0vFv4Xj5NCwVe9vDeTefP8SElLrvvp5JaWV1bX8uuFjc2t7Z3i7l7DhrERWBehCk3L5xaV1FgnSQpbkUEe+Aqb/uhy6jfv0VgZ6hsaR9gN+FDLgRScUum2Q/hA/iDpT3rFklt2M7BF4s1ICWao9YpfnX4o4gA1CcWtbXtuRN2EG5JC4aTQiS1GXIz4ENsp1TxA202yxBN2FFtOIYvQMKlYJuLvjYQH1o4DP50MON3ZeW8q/ue1YxqcdxOpo5hQi+khkgqzQ1YYmVaBrC8NEvFpcmRSM8ENJ0IjGRciFeO0m0Lahzf//SJpnJS9Svn0ulKqXsyaycMBHMIxeHAGVbiCGtRBgIYneIYX59F5dd6c95/RnDPb2Yc/cD6+AdWDlbA=</latexit>
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<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns
<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>

Ns

<latexit sha1_base64="IqjiXe3Z6AaLvlme5ExXuvwTF5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W1P98oVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BMliNwA==</latexit>
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Figure 8: a, b ground state energy for different interaction as a function of the flux. c,
d current, calculated as I = −∂EGS(Ω)/∂Ω, for different interaction as a function of the
flux.

of the quantized circulation. Figure 9 shows how this transition occurs for different values
of the interactions, both in the rotating frame and in the lab frame.
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