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Under condition of the zero value of the ordinary order

parameter, topologically ordered states have a form
of the string-net condensates
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Equations of the tensor modular categories
are nonlinear pentagon and hexagon ones
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5.1. F-matrices. Given an MTC €. A 4-punctured sphere SZ, .. where the 4
punctures are labelled by a,b,c,d, can be divided into two pairs of pants(=3-
punctured spheres) in two different ways. In the following figure, the 4-punctured
sphere 1s the boundary of a thickened neighborhood of the graph in either side. and
the two graphs encode the two different pants-decompositions of the 4-punctured
sphere. The F-move is just the change of the two pants-decompositions.

When bases of all pair of pants spaces Hom(a @ b, ¢) are chosen, then the two
pants decompositions of S?, _ determine bases of the vector spaces Hom((a®b)®
¢,d), and Hom(a® (b®¢), d), respectively. Therefore the F-move induces a matrix
FOP¢ - Hom((a @ b) @ e, d) — Hom(a @ (b c), d), which are called the F-matrices.
Consistency of the [ matrices are given by the pentagon equations.
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These equations have a form
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But how does the Hamiltonian look like?




Temperley-Lieb algebra projectors

The generators e, of the TL algebra are defined as follows
e =de,,

€ €16 =6,

ee = e.e, (|k-i| = 2).

e: acts non-trivially on the ith and (i+1)th particles:
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Meaning of the Beraha number d
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Duetoe? = de;, (e/d)=e/d.
Therefore, the Hamiltonian could have a form of the
sum of the Temperley-Lieb algebra projectors:



Ireps of e;s
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Mapping to the transverse field Ising model

We will show that in the case k=2 (when d=(2)"2), we have the transverse field
Ising model:

H=-hY [ . +(/ h)Gj]
j
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Some steps of the proof
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Wen's models
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Universal form of the effective Hamiltonians
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In the case of the Kitaev model
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= b

hi(k) = —J,sina(k) + J,sin 3(k),
ha(k) = Js + J, cos a(k) + J, cos F(k),
hs(k) =2J f sin( v""'gk‘cj :
a(k) = (V3k, —3k,)/2, B(k) = (V3k, + 3k,)/2
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Conclusions

1. All Hamiltonians in systems with topologically ordered states
in the case k=2 have a form of the Bloch matrix

_ ([ hs(k)  Ak) A(K) = hy (k) + iho(k
H - ( N _MkJ () = hy (K) + iha(K)

2. Only Z, invariants are significant for the classification
of the classes of universality in 2D systems. In particular,
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3. In the case k=3, the reps of the e,’s lead to the Hamiltonian

of the Fibonnacci anyons, where ¢=(1++5 )/2 is the golden ratio. This is the k=3 RSOS
model which is a lattice version of the tricritical Ising model at its critical point (A. Feiguin,
S. Trebst, AW.W. Ludwig, M. Troyer, A. Kitaev, Z. Wang, M. Freedman, PRL, 2007.)
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4. What about larger values of the linking number ?
For example, k=4.
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