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Introduction: Quantum spin liquids

Frustration: Fractionalization:
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Introduction: Quantum spin liquids

Frustration: Fractionalization:

t = €9

/> spin liquid: Kitaev honeycomb model [Kitaev, Ann. Phys. '06]

Toric code [Kitaev, Ann. Phys. ‘03]

— Talk by Shouryya Ray (X44.00004)

U(1) spin liquid: ~ Kagome model? He et al, PRX '17]

Triangular model? [Hu et al., PRL '19]
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Motivation: Spin-liquid criticality

Example: a-RuCls in field
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Main question:

How do fractionalized excitations affect quantum criticality?



Model: Lattice compact QEDs3

Action (square lattice):
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Model: Lattice compact QEDs3

Action (square lattice):
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... favors m flux for K > 0

Phase diagram (K > 0):

U(1) Dirac spin liquid ; I/t
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Model: Lattice compact QEDs3

Action (square lattice):
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... favors m flux for K > 0

Phase diagram (K > 0):

U(1) Dirac spin liquid ; VBS order I/t

[Xu et al., PRX '19]
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Field theory: QED3-Gross-Neveu-XY

Action (continuum):

5:/d'r/d2>?
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Field theory: QED3-Gross-Neveu-XY

Action (continuum):

> = / dr / d”X _1/7u(0u - ’.Au);/’\ + ¢"PuY + £¢a¢a - 5 euupauAp)Q_

a=xy
RG flow:
confined QED3-GN-XY criticality:

1 80 5

v =1 3N O(1/Nr5)

< . 5% ;

TM’ T ]- I 37'('2/\/1: | O(]./Nf)

deconfined Bues =1+ 5 5+ O(L/N)

gapless gapped 10 2
Aprm = 2 - + O(1/N¢)

QED; QED;-GN-XY ~ QED; i

(¢7) =0 (¢p7) # 0 [LJ, Wang, Scherer, Meng, Xu, PRB '20]

_r 1 2. ’
See also: [Dupuis et al., PRB '19] Extension to O(1/Nf): [Zerf et al., PRD "20]
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Evidence for QED3-Gross-Neveu-XY criticality

Scenario 1: Conventional paramagnet

XY: v~ 0.672

Scenario 2: Dirac fermions

Gross-Neveu-XY: v~ 1.07
ne =~ 0.97

... for Nf = 8

Scenario 3: Dirac fermions + U(1) gauge field

QEDs-Gross-Neveu-XY: v ~1.51

... for Nf = 8

6 [LJ, Wang, Scherer, Meng, Xu, PRB "20]
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Evidence for QED3-Gross-Neveu-XY criticality

Scenaff=Lqpventional paramagnet

XY:
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Scenario 2: Dirac fermions

Gross-Neveu-XY: v~ 1.07

... for Nf = 8

Scenario 3: Dirac fermions + U(1) gauge field

QEDs3-Gross-Neveu-XY: v ~1.51

... for Nf = 8

1.0

205
~

(i S SV
0.0 . Pl — l
—9 —1 e
(J/Jc — 1)L1/V
1.0 .
205 -
T
*»’fﬁ'@
0.0 | | |
(J/JC — 1)L1/V
0
>
Z
2

[LJ, Wang, Scherer, Meng, Xu, PRB "20]



Evidence for QED3-Gross-Neveu-XY criticality

Scenaff=Lqpventional paramagnet
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Scenario 2: Dirac fermions

Gross-Neveu-XY: v~ 1.07

... for Nf = 8

Scenario 3: Dirac fermions + U(1) gauge field

QEDs3-Gross-Neveu-XY: v ~1.51

... for Nf = 8
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Evidence for QED3-Gross-Neveu-XY criticality
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Conclusions

U(1) Dirac spin liquid ; VBS order J/t

QED3-Gross-Neveu-XY



Conclusions

U(1) Dirac spin liquid ; VBS order J/t

QED3-Gross-Neveu-XY

Quantum critical behavior reveals
nature of adjacent exotic phase






VBS correlation ratio
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Decay of critical correlators

Dimer correlator Spin correlator

(e) Nf =3

1I1(CD (T))

QAAFM — 37(3)

[LJ, Wang, Scherer, Meng, Xu, PRB '20]



