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Introduction: Kitaev honeycomb model

Spins-1/2 on honeycomb lattice:

Alexei Kitaev

Hamiltonian: H=!K  1XXtK YK 1
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Introduction: Kitaev honeycomb model

Spins-1/2 on honeycomb lattice:

Alexei Kitaev

Hamiltonian: H=1K XX K - 1YY

blue links green links

Parton decomposition HI"# iK  UuiGc

~=Majorana fermion = c

Static (1) ! 2 gauge Pelc [Kitaev, Ann. Phys. ©06]
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Introduction: Spin-liquid criticality
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Introduction: Spin-liquid criticality
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Introduction: Spin-liquid criticality
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Field theory: QER-Gross-Neveu-XY
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Field theory: QER-Gross-Neveu-XY
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Evidence for QER-Gross-Neveu-XY criticality

Scenario 1. Conventional paramagne

XY: 1 0:672
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Scenario 3Dirac fermions + U(1) gauge Pelc

QEDs-Gross-Neveu-XY !'! 151
Q! 1:24

E for Ns=8
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Flatland! 2 gauge theory: Spin-orbital liquid
Spin-orbital generalization of Kitaev model:

— - | X| X Yi Y\ n a - a z Z] Z n . 1.
l . ||A W I "
1] a ) [Seifert, Dong, Chulliparambil, Vojta, Tu, LJ, PRL O20]

XY spin Kitaev orbital Jz=0: E recover known j = 3/2 model
[Yao, Zhang, Kivelson, PRL O09]
[Nakai, Ryu, Furusaki, PRB O12]
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Flatland! 2 gauge theory: Spin-orbital liquid
Spin-orbital generalization of Kitaev model:

H=1K (Mr+1)n pfpt+ 32 1212 151
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I"a J Seifert, Dong, Chulliparambil, Vojta, Tu, LJ, PRL &20]
XY spin Kitaev orbital Jz=0: E recover known j = 3/2 model
[Yao, Zhang, Kivelson, PRL O09]
[Nakai, Ryu, Furusaki, PRB O12]
Phase diagram
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Flatland ! » gauge theory: Mapping to! -[3ux model
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Flatland ! » gauge theory: Mapping to! -[3ux model =>
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Spinless fermions oh-[3ux lattice: QMC
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(V/t)c = 1.281(2)
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Spinless fermions oh-[3ux lattice: QMC
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Finite-size spectroscopy: Ising vs Ising*
Transverse-beld Ising: Transverse-pbeld toric code:

H=1J 12121 h IX H=1J  1X1'J  1Z1 h IX
ij " i s ils p ilp i

[Kitaev, Ann. Phys. O03]
[Trebst et al., PRL O07]
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Finite-size spectroscopy: Ising vs Ising*

Transverse-beld Ising: Transverse-pbeld toric code:
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Gross-Neveu vs Gross-Neveu*

Gross-Nevel- Gross-Nevel»* (schematic)

15.0—
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g h G
v [Schuler, Hesselmann, Whitsitt, Lang, Wessel, LSuchli, PRB O21]

16

(2 )7
Kekule

T

E testable in future simulations



Outline

. Introduction:

II.  Example #1.:

lHl. Example #2:

V. Conclusions:

Spin fractionalization

Conbnement transition
In Ratland U(1) gauge theory

Spinon-metalNinsulator transition
In Batland ! 2 gauge theory

Spin-liquid criticality

17

CX

CcY



Conclusions: Spin-liquid criticality

Conbnement transition: Spinon-metalNinsulator transition:

ky cY +1

e T

QED3-Gross-Neveu-XY Gross-Neveu-! >*

[LJ, Wang, Scherer, Meng, Xu, PRB 020] [Seifert, Dong, Chulliparambil, Vojta, Tu, LJ, PRL O20]
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Conclusions: Spin-liquid criticality

Conbnement transition: Spinon-metalNinsulator transition:

ky cY +1

e T

QED3-Gross-Neveu-XY Gross-Neveu-! »*
[LJ, Wang, Scherer, Meng, Xu, PRB 020] [Seifert, Dong, Chulliparambil, Vojta, Tu, LJ, PRL O20]
I\/Iany further pOSSibiIitieS: [Ray, Ihrig, Kruti, Gracey, Scherer, LJ, PRB 021

[KrYger, LJ, arXiv:2107.00661]

18






Thermal conductivity of! -RuCk: Thermal Hall €' ect

Transversal heat conductivity:

Majorana 15 7;5
fermion o IE 0 — 60°
£9 1.0} 37K
Cold A 'OO'Q'OQ
5 2 .
—o 05 &
T O O
RS
o O
&< @ } } t t t
Z," ux 4.4 4.6 4.8 5.0 5.2

lu()HJ_ (I-)
Magnetic beld

[Kasaharaet al., Nature O18]
Topical Review:[LJ & Vojta, JPCM O19]

Smoking-gun signature of Majorana edge state
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Thermal conductivity of! -RuCk: Quantum oscillations [
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VBS

Monopole proliferation

conbnec
/
deconbne(
gapless gappec
QEDs QED;-GN-XY | QEDs
12" =0 T 112" # 0
Monopole scaling dimension:
- _  0:26582N;! 0:0383+0(1=N¢); QED: Putu, PRO G14
. -1 -
=3 0195é2|\|f + O(l:NfO), QEDg'GN'XY Calculation originally done
for QED3-GN-Heisenberg:
[Dupuis, Paranjape, Witczak-Krempa, PRB O1
Critical [3avor number:
' 570 QED;

7:7: QEDs;-GN-XY
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VBS correlation ratio

2.3 2.4 2.9 2.6 2.1 2.8 2.9

[LJ, Wang, Scherer, Meng, Xu, PRB O20]



Decay of critical correlators

Dimer correlator Spin correlator

IN(Cp (1))

0 1 2 In(r) 0 1 2 In(r)

[LJ, Wang, Scherer, Meng, Xu, PRB O20]



