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Last time we saw how the Kitner model can be

exactly diagonalized
leading

to an exotic ground
not

Lit twokindstypesof bulk excitation
and if hme reversal

10 broken there are also topological edge
states



I
ñif 9

VCH ifkztkxe.it kye.it
i

ifkEIH
I18H1D

kx k

0 01

Kitty A

Gapped

Gapless

in



RMIONQPS.CI Il itH 1 HYf

f He ie o

147 Ii i 4 at e

CNN.at

kl I CaIFie
EI

I I fattela.IE attila E
KEE

ta t at_ftp.ffia
ie

On Ok
a k

aihla.lk aelk7atlk a Ilklahkl



H E A aIHa.lk
EB7

Only positive energy excitations
MAJORANA'S

G.SE Eg 18h1



ypesofexcitat.io

Fermions

Vortices

MM

Edge excitation broken T.R



SPEUFICHEATN

I



I 1

4
Ex kett I

Factor of 54.8.4

Ea

P.mn

jh

001
TORIC CORE7000

Gapped

area

Nasu, Udayana & Motome, PRB 91, 115122 (2015) 



Around a vortex Uij 1

Additional insight is gained from the extreme

limit 3 1 0 which maps onto the Toric CODE
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Doing perturbation theory on the
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FLIP SPINE
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The condition As 4 147 implies the

state is unaffected by flipping spins on one star

Cs equal for all configurations wit no vortices
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Electrics

We I
create an electric vortex at s
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Magnetic Charges
top
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In the Honeycomb model these excitations are degenerate

because 3n Je
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Abelian Anyons

BRAIDING SUPERSELECTION FUSION

ABEION.CI
The canyons of the Toric code are examples

of Abelian anyone
When we braid them

the braiding processes
commute We can move
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the string
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If we take an e around an m we pick
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Similarly taking e's around e's produce 1 likewise

with m's so they are bosons to themselves However

the combination of an m an which is

called an E behaves as a fermion
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SUPER SELECTION

Clast of states that can be transformed into
one another by local operator e.g the

current

operator can fuse a position electron into a photon
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vortices from being moved adiabatically
so they no

longer have well defined statistics
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The gapped spectrum has a

non zero Chern number
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Edge modes
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Recall that in the IQUE the presence of

edge states led to
a quantized Hall

conductance
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Now under rather general
conditions
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where k is the thermal conductivity terror So for
the

IQUE we expect
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A Majorana edge state

carries the heat current

of an electron edge stale
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Anyone now have NON ABELIAN braiding rules



KIEVSPINLIQUIDS

In 2009 George Jackeli Giniyar
Khaliulin

proposed that Iridium atoms inside octahedra woulddevelop

Kitaev like Ising interactions with their neighbors Suddenly

the Kitner honeycomb model was no longer a toy it might

be realized in solid state quantum
materials



Proposed oysters spin orbit coupled transition metals e.g Ru
Ir

in an Octahedral environment
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The three neighboring edgesharing octahedra define

three
orthogonal planes giving

rise to the three directions

for the long
interactions Interlayer couplings are weak

but there are additional Heisenberg tensor interactions
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Signatures of a fractional continum
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