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Abstract: <span>Topologically ordered states are quantum states of matter with topological ground state degeneracy and quasi-particles carrying
fractional quantum numbers and fractional statistics. The topological spin is an important property of atopological quasi-particle, which is the Berry
phase obtained in the adiabatic self-rotation of the quasi-particle by . For chiral topological states with robust chiral edge states, another fundamental
topological property is the edge state chiral central charge . In this paper we propose a new approach to compute the topological spin and chiral
central charge in lattice models by defining a new quantity named as the momentum polarization. Momentum polarization is defined on the cylinder
geometry as a universal subleading term in the average value of a "partial trandation operator". We show that the momentum polarization is a
guantum entanglement property which can be computed from the reduced density matrix, and our analytic derivation based on edge conformal field
theory shows that the momentum polarization measures the combination& nbsp; of topological spin and central charge. Numerical results are
obtained for two example systems, the non-Abelian phase of the honeycomb lattice Kitaev model, and the& nbsp; Laughlin state of a fractional
Chern insulator described by a variational Monte Carlo wavefunction. The numerical results verifies the analytic formula with high accuracy, and
further suggests that this result remains robust even when the edge states cannot be described by a conformal field theory. Our result provides a new
efficient approach to characterize and identify topological states of matter from finite size numerics.</span>
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order: Probing the topological states by twisting it

* Discrete twist of lattice models and definition of
momentum polarization

* Analysis based on conformal field theory in
entanglement spectrum

* Numerical results in Kitaev model and Fractional
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Topologically ordered states

* Topologically ordered states are topological states
which has ground state degeneracy and quasi-particle
excitations with fractional charge and statistics. (wen)

* A general framework to describe topologically ordered

states have been developed (for a review, see Nayak et al RMP
2008)

* A manifold with certain number and types of
topological quasiparticles defines a Hilbert space.
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—
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Topological response properties

* Topological states of matter should be characterized
by topological response properties.

Response:

Electric field E|, charge current

Topological
state

Pirsa: 13050047 Page 6/42



Topological response of topologically
ordered states

» Different topological states should be probed by
different topological response properties.

* In many cases, electromagnetic response is not
sufficient.

* |n particular, topologically ordered states are difficult
to probe, since by definition the topologically
degenerate ground states are not distinguishable by
any local measurement.

* A natural approach is by considering response to the
deformation of space-time manifold (gravitational

response) =
Q@
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Geometrical responses

 Geometrical response properties have been considered
in different topological states (aAvron ‘95, Read-Green ‘00, Ryu-
Moore-Ludwig’11, Wang-Qi-Zhang’11)

* Asimplest form of geometrical response: geometric
deformation of flat metric, i.e., deformation of torus.
(Analog of flux threaded in a torus)

.
t 1
shear /

/

deformation

> |/
L >

>

1 1
* Fixing the volume, a 2D torus can be labeled by a
complex number T = 7, + iT,

* Ground state |G (7)) parameterized by T
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Geometric response to torus deformations

A

* Gauge field A = —i(G|V,|G) inthe T T T+1
plane defines several different properties

1

* Equivalence relationst =7+ 1,7 = — -
("
1

e 1. Field strength F =V X A 0

determines the Hall viscosity ny =

F T
(Avron et al 95, Read ‘09, Haldane '09,

sample area
etc) >

* 2.Using periodicity T = 7+ 1,afluxcan 7,
1 A

be defined & = [2, 4, (t)dr, A

2
@ is the Berry’s phase obtained by | ‘_
twisting the torus (Dehn twist) — T
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Twist of the torus and the spin of particles

* in an ideal topological state, the Berry’s phase ® is
related to the spin of particles

12

a

Berry's pnase & 21 rotation

9(1 - ei21‘rha
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Momentum polarization from entanglement

Momentum polarization is determined by the
entanglement between left and right.

We will study momentum polarization analytically and
numerically using our knowledge about p; ,.

Our key result:

B . B LT C
Ag = (Ga|Ty |Ga) = exp zg(ha _ﬂ) —alL,
aL,, is the non-universal contribution but it is
independent from topological sector a
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