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Abstract

We propose a symmetry-based approach to constructing lattice models for chiral topolog-
ical phases, focusing on non-Abelian anyons. Using a 2+1D version of anyon chains and
modular tensor categories (MTCs), we ensure exact MTC symmetry at the microscopic
level. Numerical simulations using tensor networks demonstrate chiral edge modes for
topological phases with Ising and Fibonacci anyons. Our method contrasts with con-
ventional solvability approaches, providing a new theoretical avenue to explore strongly
coupled 2+1D systems, revealing chiral edge states in non-Abelian anyonic systems.
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1 Introduction

Topologically ordered phases in 2+1D systems—exemplified by fractional quantum Hall
states [ 1, 2]—have motivated extensive research for decades. These phases are characterized
by quasiparticles with distinctive statistics, called anyons, which are described by a mathemat-
ical framework known as a modular tensor category (MTC) [3]. A key objective in this field is
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to construct lattice models that can realize such topological phases. Levin and Wen provided
a universal construction for non-chiral topological phases using commuting projector Hamil-
tonians [4], which generalize Kitaev’s quantum double model [5]. Nevertheless, certain chiral
topological phases, exhibiting gapless chiral edge modes, cannot be realized by commuting pro-
jector Hamiltonians on the lattice with a finite-dimensional Hilbert space on each site [3,6-8].
As such, constructing lattice models that achieve general chiral topological phases continues
to be a challenging and intriguing goal.

In this paper, we propose and study a generalized symmetry based approach to this problem.
This approach is based on the perspective that the anyons can be understood as the sponta-
neous symmetry breaking of non-invertible one-form symmetry [9-11], described by the same
MTC that consists of the anyon data. The idea of our construction is to realize the symmetry
exactly at the microscopic lattice level. Such a microscopic MTC symmetry guarantees the
topological anyon lines with desired statistics. While this approach is not new for Abelian
anyons, as it is exploited in the pioneering work of Kitaev [3], generalization to non-Abelian
anyons is recently proposed in [12], and in this paper, we perform numerical simulations to
explicitly demonstrate the idea.!

Specifically, we propose using a 2+1-dimensional version of anyon chains (see for example
[13-16] for the 1+1D anyon chains or the corresponding 2+0D classical statistical models
and [12] for their 2+1D/3+0D generalizations) to construct candidate models for non-Abelian
chiral topological phases. This anyon model can be thought of as an anyonic analog of the
chiral spin liquid model [17-26,26,27,27-37], where spins are replaced by anyonic degrees
of freedom. The model takes an MTC as input, and the dynamical variables on the lattice are
based on the data of the MTC.

We perform numerical simulations of the model for the cases with the Ising category and
the Fibonacci category as input MTCs. We use the matrix product state (MPS) [38-41] based
density matrix renormalization group (DMRG) method [42] to simulate the system on an open
square lattice. This is done by regarding the 241D model as a 14+1D model with long-range
interactions and regarding anyon chains directly as an MPS [43].

For each of the MTCs, we found interesting phase structures depending on a parameter
in the Hamiltonian we considered. In certain phases, we observed evidence for chiral edge
modes: The entanglement entropy scaling consistent with the central charge of the chiral
CFT, and the entanglement spectrum that matches the operator contents of the CFT. We also
observed the chiral excitations are localized around the edge as shown in Fig. 1, providing
further evidence of chiral behavior.?

Conventionally, constructing chiral non-Abelian topological phases often requires exact or
approximate solvability of the system. Examples include Kitaev’s honeycomb model [3], the
coupled wire construction [45] and their variants, string-net construction internal to chiral
topological phases [46], wave functions based on chiral conformal field theories [47,48], the
surface of 3+1D invertible states [49-52], and others. In contrast, our approach is founded on
the exact symmetry of the microscopic lattice model, functioning within a strongly coupled,
isotropic, and microscopically homogeneous regime. Furthermore, our method, in principle,
applies to any MTC up to the limits imposed by numerical computation. Thus, we consider
our work a new theoretical avenue that complements existing studies by offering a method to
microscopically study topological phases.

IThe argument in [12] does not guarantee the chirality; the system can be in a non-chiral phase including the
input MTC as a chiral half. Thus, the numerical simulations are necessary to confirm that the model can indeed
realize a chiral topological phase.

2The local energy density is obtained by taking the expectation value for the local Hamiltonian term by the
ground state and the excited states, and we define the excitation energy density 6E;,. as the difference thereof.
Similarly, the local chirality is a phase of the expectation value of the local fzp operator defined by eq. (2). In this
figure, we plot its difference for the ground state and the second excited state that is accessible through DMRG [44].
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Figure 1: Real-space configuration of (a) left-chiral, (b) non-chiral, and (c) right-
chiral phases. The heatmaps represent the local excitation energy density & E,. nor-
malized by the energy gap A for 8/m = (a) 0.1, (b) 0.5, and (c) 0.9 of the Fibonacci-
type model. The excitation is localized on the edge for 6/ = 0.1 and /7 = 0.9,
while it spreads into the bulk for 6 /m = 0.5. The arrows represent the local chirality
relative to the ground state, with their color representing the chirality and their size
scaling according to the amplitude.

Figure 2: The above anyon diagram represents a state on a square lattice with
W = H = 4. Here, the vertical lines are labeled by the chosen object p.

2 Model

We consider a model of interacting anyons on a square lattice with the open boundary condi-
tion. The number of lattice sites in the x and y directions are denoted by W and H, respectively.
The input datum of the model is a pair (3, p) of a modular tensor category B and an arbitrary
object p € B.2 Given a pair (B, p), one can define the state space of the model and write down
the Hamiltonian in terms of anyon diagrams of B.

To define the state space, we consider the anyon diagrams on a square lattice as depicted in
Fig. 2. The edges and vertices of the lattice are labeled by simple objects and basis morphisms
that are compatible with the fusion rules of B. These objects and morphisms are regarded as
dynamical variables of the model. The state space H is spanned by all possible configurations

3The model can also be defined for general braided fusion category 3. This paper focuses on the case where B
is modular.
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of these dynamical variables. We note that # is not the tensor product of local state spaces
due to the constraints from the fusion rules. Nevertheless, since the constraints are local, one
can impose these constraints energetically and realize H as a low-energy sector of a tensor
product state space.

The Hamiltonian of the model is given by

H= Z (eigflp—l—e_iefl;)—g Z B'p, @D

p:plaquettes p:plaquettes

where 0 and g are positive real numbers. Here, Ep is the Levin-Wen plaquette operator defined

by [4]
UL
Simp(3)

where d, is the quantum dimension of a € 5 and D = ZaeSimp(B) d2 is the total dimension of
B. The summation on the right-hand side is taken over all simple objects of B. The first term
h,, of the Hamiltonian (1) is defined by the 90° rotation of the plaquette p as follows:

Its Hermitian conjugate il; is given by the 90° rotation in the opposite direction. We emphasize
that the Hamiltonian (1) generically breaks the time-reversal symmetry due to the non-trivial
braiding statistics of anyons in B.*

Precisely, the operator flp : 'H — H defined by Eq. (2) is ambiguous because there are
many different ways to evaluate the diagram on the right-hand side of Eq. (2). To eliminate
this ambiguity, one needs to fix a convention for evaluating the right-hand side of Eq. (2).°
The resulting model no longer involves any ambiguities. However, the model now depends on
the convention one chooses.

The model becomes independent of a convention in the limit where g — oo. In this limit,
the state space H effectively reduces to a subspace H, C H on which Bp = 1 for all plaquettes.®
The reduced state space #,, is isomorphic to the Hom space

SR

Ho = Hompg(1, p®WH) ) 3)

where 1 denotes the unit object (i.e., the trivial anyon) of B and Homgz(1, p®"*) denotes
the vector space consisting of morphisms from 1 to p®"*. On this subspace, the operator h

“We can show this by contradiction. To see this, let us suppose that the Hamiltonian has a time-reversal sym-
metry T. Since T is anti-unitary, the invariance of H under T implies that there exists a unitary operator U such
that Uflp U= fl;. This, in turn, implies that flp and fl; should have the same set of eigenvalues. However, this does
not hold for a generic MTC. Thus, the Hamiltonian (1) does not have a time-reversal symmetry in general.

5The right-hand side of Eq. (2) is evaluated by partially fusing the orange legs to the edges of the square lattice.
The result depends on which orange leg is fused into which edge. One natural convention is to fuse each orange
leg to the edge directly above it.

5The Levin-Wen plaquette operators BP are commuting projectors and hence admit a simultaneous eigenstate
with eigenvalues 1.
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does not depend on how to evaluate the diagram in Eq. (2) due to the pentagon and hexagon
equations of B. In what follows, we focus on the model with g = oo and identify the state
space H, with Hom(1, p®"H).

For numerical calculations, it is convenient to regard our model as a 14+1D model with
long-range interactions. Specifically, a state |1)) € H, is represented by a one-dimensional
array of p-anyons that fuse into a trivial anyon 1 as follows:

0
ly) = : 4)

12 3 4 5 6 7 8 9 1011 12 13 14 15 16

Here, we draw the case where W = H = 4 for simplicity. The labeles {1,2,3,--- ,WH = 16}
specify which anyons in Eq. (4) correspond to which anyons on the square lattice in Fig. 2. The
Hamiltonian (1) acting on the state (4) is represented by the braiding of anyons. For example,
the operator flp for a plaquette p = (1256) of a 4 x 4 square lattice is given by

W
hy ) = : (5)

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16

We note that anyons 3 and 4 are in front of anyons 1, 2, 5, and 6 as shown in Fig. 2.

A remarkable feature of our model is the exact non-invertible 1-form symmetry described
by the input MTC B [12]. This symmetry is always spontaneously broken due to the non-
degeneracy of the modular S-matrix.” Accordingly, if gapped, the ground state of our model
must exhibit a topological order that contains a subsector described by B. That is, our model
realizes a topological order BRC, where C is another MTC. This follows from the fact that an
MTC B’ that contains another MTC B as a subcategory is braided-equivalent to the product of
two MTCs B and its centralizer C in B’ [53]. Here, BX C denotes the Deligne tensor product
of B and C, which physically menas the stacking of two topological orders described by B and
C.

Our model has a natural interpretation as a system of interacting anyons in a parent topo-
logical order.® The parent topological order is realized by the Levin-Wen model with the input
being an MTC B. Indeed, the state space H,, given by Eq. (3) is the ground state subspace of
the Levin-Wen model on a disk in the presence of a bunch of p-anyons. The Hamiltonian (1)
describes the interactions of these anyons, which can drive the system into other topologically
ordered phases.

The anyons of the parent topological order are described by the Drinfeld center
Z(B) = BRB, where B denotes the time-reversal of . Since the topological order B c Z() is
guaranteed by the symmetry of the model, it cannot be violated by interactions. On the other
hand, the topological order B ¢ Z(B3) is emergent and hence can be affected by the interac-
tions. When the interactions turn B into another topological order C, the model realizes the
topological order BR C. In particular, the model exhibits a chiral topological order if C and B
have different chiral central charges.

’A 1-form symmetry is said to be spontaneously broken if there exists a topological line operator that is charged
under the symmetry operator. The non-degeneracy of the modular S-matrix implies that for each symmetry oper-
ator, there exists a topological line charged under it.

8The idea of constructing models of interacting anyons in a parent topological phase was employed in the
original anyon chain model [13].
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In the subsequent section, we will exclusively work on the cases where B is either the
Fibonacci category or the Ising category. The Fibonacci category consists of two simple objects
{1, 7} that obey the fusion rule

P=ler. (6)

On the other hand, the Ising category consists of three simple objects {1, 7,0} that obey the
fusion rules
n?=1, N®oc=0®n=0, ol=1en. )

3 Tensor network simulations

We employ tensor networks to investigate the physical properties delineated by the Hamilto-
nian (1). Our goal is to variationally optimize the ground state within this framework. We
initiate this process by reconfiguring the fusion tree described in Eq. (4), incorporating vari-
ational degrees of freedom as detailed in Ref. [43]. Specifically, we expand the state (4) by
selecting basis sets conditioned on the choice of fusion channel e,, depicted in the following

diagram:®
1/} — E \I/{en} 1 (1 €z €EN-2 €N-1 1
—P——O—<— ——<—O0—<—
{en}
a a2 aN-1 an aq az aN—1 an

In this formulation, the coefficients ¥{¢} are defined based on the selected fusion channels
{e,}, which act as dynamical variables. This high-rank tensor wlen} is subsequently factorized
into a product of matrices:

1e ey_11
\Ij{en} = A, 1A% A3 ... ACN-26N-1 A°N-1
Tug™ T po” pops UN—2UN—1" "Mn-11"

n)

where each factor A®*-1°r is an N,Eil{ D% N,(le matrix, i.e., the subscript u, runs from 1 to

N,Ee") € Z. Throughout our study, all fusion labels a,, are designated as p, enabling us to
employ matrix representations as illustrated below:

€1 €2
v = 1= (D

pP PP PP L P PP p p p p

For example, considering Fibonacci anyons where p = 7, the selection rule necessitates e; = 7
since 1 ® T = 7. Similarly, e,, e3, and e, can take values 1 or 7, following the fusion rules
2 =1@7, 7> =121, and v* = 21 ®37. The coefficients of the simple objects correspond to
the range of u,,. Thus, for precise decomposition, N, fl) and N, ‘ET) must be 2 and 3, respectively.
As the total dimension Nrgﬂ) + NYET) scales exponentially with system size, we impose a cutoff
total bond dimension y to ensure computational feasibility. For the Ising case, the total bond
dimensions correspond to NTEIL) + N,Sn) and NTEU).lo In our numerical simulations, y is equally
distributed for each simple object. These low-rank representations of the states, commonly
known as MPS, enable us to variationally optimize these matrices. This approach facilitates
the accurate determination of ground states while maintaining numerical traceability.

Technically, here we suppose that the MTC B is multiplicity free, i.e., all fusion coefficients are 0 or 1. This
condition is satisfied in both the Fibonacci and Ising categories.

19Tn the case of the Ising category, we choose p = o. For this choice, the fusion rules (7) force e, = 1,7 for even
n and e, = o for odd n. In particular, the model is well-defined only when the number of p’s is even.

6
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Figure 3: The correlation length of the ground states for (a) the Ising-type(H = 4)
and (c) Fibonacci-type(H = 5) models. The correlation length was calcu-
lated from the second/third leading eigenvalues of the MPS transfer matrix with
x = 24 ~ 60/24 ~ 140, respectively. The data points from larger y are indicated
with darker black. The entanglement entropy of the half strip grows as S4 ~ ¢ In(&)
in the gapless regions of (b) the Ising-type and (d) Fibonacci-type model. The in-
sets show H = 6 results with larger y ~ 270, indicating the gapless regions extend
as phases. Meanwhile, 8 /7 = 0.3 and 0.4 exhibit saturation of S,, indicating finite
correlation lengths.

In our MPS simulations, we consider a system where the width, denoted as W, is much
larger than the height H. In this limit, the dominant edge modes, if present, will likely be
localized on the upper and lower edges of the strip, allowing us to treat the system as quasi-
one-dimensional for efficient simulation using tensor network methods. However, finite-size
DMRG simulations often yield unclear results due to the influence of edge modes on the left
and right sides of the strip. To address this, we employ variational uniform matrix product
states (VUMPS) as described in [54], which effectively consider W — oo and thereby sidestep
these edge effects to focus on the upper and lower modes. Nevertheless, the system is not
truly infinite but rather finitely correlated: The bond dimension y, which controls accuracy,
imposes a finite correlation length £(y). As y is sufficiently increased, £(y) approaches the
true correlation length of the original model. The exception occurs in gapless systems where
the correlation length diverges. In this case, () continuously increase with y. Nevertheless,
the scaling of the physical properties with £(y) can be used to detect universal properties,
which is often referred to as finite-entanglement scaling [55-61]. To elaborate, if the sys-
tem exhibits a gapless spectrum described by conformal field theory (CFT), the entanglement
entropy scales as

Sa(x) ~ £In&(x), ®)

enabling the detection of the central charge [62].
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Figure 4: Entanglement spectrum of (a) the Ising-type with 6 = §(H = 4) and the
Fibonacci-type anyon model at (b) 6 = 0.27n(H = 6) and (c) 6 = 0.9n(H = 6) in the
infinite strip geometry. All spectra are normalized so that the first excitations in the
1 sector match the theoretical prediction. The theoretical boundary CFT spectrum
and multiplicity are presented with crosses.

In this study, we consider two models: The Ising-type with p = o and the Fibonacci-
type with p = 7. Figure 3 presents the numerical results obtained from VUMPS. For most of
the parameter space, the correlation length £(y) converges as y increases, indicating finite
energy gaps in the thermodynamic limit. However, the correlation length continues to grow
at 6 = %, %T for the Ising-type, and around 6 = 0.17,0.97 for the Fibonacci-type models,
respectively. In these regions, the scaling described in Eq. (8) is observed, which allows us to
determine the central charges ¢ = 0.5, 0.7, and 0.8. With the limited scope of the strip width,
we cannot exclude the scenario that the gapless region is point-like in the H — oo limit, in
particular, for the Ising-type. However, these gapless regions seem to expand as the strip width
is increased, as shown in the insets.

To further characterize the gapless regions/points, we analyze the entanglement spectrum.
Under conformal invariance, the entanglement spectrum is proportional to the boundary scal-
ing dimension, allowing for the deduction of the operator contents of the theory [63-66].

We find that the operator contents observed in our calculations align with those of the
free-free boundary conditions of the Ising CFT [67], the Ramond sector of the (superconfor-
mal) tricritical Ising CFT [68,69], and the AB-AB boundary conditions of the three-state Potts
CFT [70], respectively (Fig. 4). The partition functions of these CFTs are given by

Ising _ tricritical __ 3-state Potts __
Ztree free = X1 T Xes ZRamond = Xo + Xo'> ZAB.AB =Xt Xe> )

where y; = xi:ll/z and y. = ngl/z for the Ising CFT, y, = )(i:;/lo and y, = 15,217/10

for the tricritical Ising CFT, and for the three-state Potts model, y; = x;:f/ >4 xj:f/ >

Ye = 15’214/ >+ xéj‘” >. Here, %5, denotes the character of representation (r,s) of the Vira-

soro algebra with central charge c. Using the small-q expansions of the characters (see the
Appendix), the low-lying spectra of the boundary scaling dimensions for the Ising, the tri-

critical Ising, and three-state Potts CFT are respectively (0,0.5,1.5,2,...), (%, 1—76, %, %, o),

and

8
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and (0,0.4,1.4,1.4,2,...). On the other hand, we obtain the entanglement spectrum from a
Schmidt decomposition of the ground state as [ gg) = D, Anll/;(G”S? ) ® |1/Jg15) )r, Where the en-
tanglement spectrum is defined as —In A, up to normalization. (A, has a label by the simple
object in the channel of decomposition. See Ref. [43] for a detailed treatment of bipartite
decompositions of anyonic systems.) The numerical entanglement spectrum, illustrated in
Fig. 4, matches well with the CFT predictions (denoted with crosses), confirming that the
gapless edge states are described by these CFTs.

Further evidence of the chiral edge states through exact diagonalization, in addition to
DMRG (Fig. 1),'! is provided in the appendix.

The chiral edge modes indicated by the above numerical results suggest that our lat-
tice model realizes chiral topological phases. Specifically, for the Fibonacci-type model at
6 = 0.2m, our result is consistent with the bulk topological order Fib X Spin(7),. Here, Fib
denotes the Fibonacci category with chiral central charge c_ = 2.8, while Spin(7), denotes the
MTC that consists of three anyons {1, 7,0} obeying the Ising fusion rules (7) and has chiral
central charge c_ = 3.5.'2 Similarly, for the Fibonacci-type model at 8 = 0.97, our result is
consistent with the bulk topological order Fib K SU(3),, where SU(3), is the Z5 abelian topo-
logical order with chiral central charge c_ = 2. In both cases, the existence of the Fibonacci
anyon is guaranteed by the exact 1-form symmetry of the model. Since the chiral central
charge is additive, Fib ® Spin(7), and Fib X SU(3); have chiral central charges —0.7 and 0.8,
respectively. The opposite signs of these values imply that the associated gapless edge modes
have the opposite chirality. This is consistent with the numerical result shown in Fig. 1 and
the appendix. We note that similar chiral topological phases with the Fibonacci anyon have
been investigated in the literature using the couple-wire-like construction [71-78].

On the other hand, for the Ising-type model, the numerical results in Figs. 3 and 4 suggest
that the bulk exhibits the chiral Ising topological order or its time-reversal at 8 = 0.1257 and
6 = 1.125x. Naively, the time-reversal of the chiral Ising topological order seems to contradict
the exact 1-form symmetry of the model because the input MTC is the Ising category rather
than its time-reversal. Nevertheless, the exact diagonalization shown in the appendix indicates
that the edge modes around 6 = 0.1257 and 8 = 1.125n have the opposite chirality, implying
that both Ising and Ising are realized in our model. We leave this puzzle for the future.

4 Conclusion and outlook

In this paper, we have proposed a 241D lattice model of interacting anyons that realizes a chiral
topological phase. The model is defined as a generalization of an anyon chain, and admits an
exact non-invertible 1-form symmetry described by the input MTC at the microscopic level.
We have performed numerical simulations of the model for the Ising and Fibonacci categories,
and observed evidence for chiral edge modes in the ground states. This study shows that we
can use the MTC symmetry, coupled with the numerical techniques, to explore the strongly
coupled 2+1D systems without relying on exact or approximate solvability.

Our results pave the way for new theoretical studies of chiral phases in 241D systems. The
model can incorporate any MTC as input, enabling the exploration of a wide range of topolog-
ical phases. Another interesting direction is to examine the bulk properties in more detail. Our
numerical simulations were conducted on open lattices. While this configuration reveals the
chiral edge modes, it also obscures the bulk quantities. Studying systems with periodic bound-
ary conditions would provide clearer insights into the bulk phase. Lastly, numerical simulation
of higher dimensional anyonic system can have applications beyond topological phases. For

1The points are ordered along the horizontal direction when mapped to the 1D chain.
12The chiral central charge of an MTC is defined modulo 8.
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example, [79, 80] proposed to use anyon-based model to simulate Yang-Mills theory on lat-
tice, and our numerical methods in principle would apply to the high-energy/hadron physics
context.
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A Exact diagonalization

Accessing the higher excitation spectrum is limited in DMRG. Consequently, we have exactly
diagonalized the 4 x 4 Hamiltonian to further support the existence of chiral edge states. To
characterize the chirality, we define the momentum of the edge state as follows. In cases
of translational invariant states in 1D, a state acquires an e'X factor after a one-site transla-
tion T. If present, the edge states can be conceptualized as forming a one-dimensional ring,
thereby allowing us to define the one-site translation of the edge, denoted as Tedge, to obtain
the momentum as the phase of the expectation value. In this study, we define Tedge as the
braiding of twelve ps on the edges in a counter-clockwise direction. Figure. 5 demonstrates
the numerically obtained dispersion for the Ising and Fibonacci type Hamiltonian. The results
in the main text shown in Fig. 3 suggest the existence of gapless chiral edge states around
0 = 0.1257,1.125n and 8 = 0.27,0.97 for the Ising and Fibonacci cases, respectively. The
energy dispersion in Fig. 5 is consistent with this picture. While the small system size does
not allow for sharp determination of the phase boundaries, the boundaries from VUMPS are
consistent with the exact diagonalization.

B Small-g expansions of the characters

In CFT, the partition function on a torus is a function of the modular parameter T and q = €277,
From the exponents of q, we can read off the scaling dimensions of operators of the theory.
The small-g expansions of the characters in eq. (9) are [82]:

flrs:irel,gfree:q_2L4 (1+q2+q3+2q4+---)+q_2%*+% (1+q+@®+¢®+2¢*+---),
Ziertieal — 35480 (14+q+2¢% +3¢7 +++ ) +q 55 (1+q+q* +2¢° ++--),

Z3sutePots — 05 (1 4.q% +2¢° +3q* +--- )+ q 575 (1429 +2¢2 +4¢> +---) .
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Figure 5: The energy spectrum of the 4x 4 (a) Ising-type and (b) Fibonacci-type mod-
els obtained by exact diagonalization. The horizontal axis k is the “quasi-momentum”
of the edge states. Chiral energy-momentum dispersion is observed in the same re-
gion as discussed in the main text (denoted with red points).
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The boundary scaling dimensions correspond to the relative exponents of g to the ground state
if the CFT is unitary. Thus, the scaling dimension and the degeneracy can be read off from
the exponents of g (after taking out q_2L4) and their prefactors. In fact, these exponents are
consistent with the primary operators in the Table 1.

Table 1: The low-lying primary operators of the Ising, tricritical Ising, and three-state
Potts CFTs. The exact conformal weights are shown on the second columns.

Ising | Tricritical Ising | 3-state Potts

A0 A, = A, 0

2
A, Ay N -

D=
o~
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