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ℤ2 spin liquid:  Kitaev honeycomb model 
 Toric code 
 … 
 
U(1) spin liquid:  Kagome model? 
 Triangular model? 
 …

[Kitaev, Ann. Phys. ‘03]

→ Talk by Shouryya Ray (X44.00004)

→ This talk
[Hu et al., PRL ’19]

[Kitaev, Ann. Phys. ’06]

[He et al, PRX ’17]
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Example: α-RuCl3 in field

[Wolter, Corredor, LJ, et al., PRB ’17]
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Main question: 

How do fractionalized excitations affect quantum criticality?
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VBS order



Field theory: QED3-Gross-Neveu-XY

5

Action (continuum):
<latexit sha1_base64="h1zwtXT1iCkeqlbvSXGUI03U1NI="></latexit>

S =
Z

dfi

Z

d2~x

»

 ̄‚—(@— − iA—) + ffia ̄—a +
r

2
ffiaffia +

1
2e2 (›—⌫⇢@⌫A⇢)2

–

a = x, y

Noncompact U(1) 
gauge field

Dirac 
ferm

ions

XY orde
r par

ameter



Field theory: QED3-Gross-Neveu-XY

5

Action (continuum):
<latexit sha1_base64="h1zwtXT1iCkeqlbvSXGUI03U1NI="></latexit>

S =
Z

dfi

Z

d2~x

»

 ̄‚—(@— − iA—) + ffia ̄—a +
r

2
ffiaffia +

1
2e2 (›—⌫⇢@⌫A⇢)2

–

a = x, y

Noncompact U(1) 
gauge field

Dirac 
ferm

ions

XY orde
r par

ameter

gapped
QED3

gapless
QED3

VBS

−r

z

∞−∞ QED3-GN-XY
<latexit sha1_base64="FC9A7E8mS034nCAniiP4KI87oYE="></latexit>

hffiai 6= 0
<latexit sha1_base64="E/ChcmazhNgL3YAqdkt2ETNAFsA="></latexit>

hffiai = 0

deconfined

confined

RG flow:

[LJ, Wang, Scherer, Meng, Xu, PRB ’20] 
[Zerf et al., PRD ’20]
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Extension to O(1=N2
f ):See also: [Dupuis et al., PRB ’19]
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Scenario 2: Dirac fermions
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Quantum critical behavior reveals 
nature of adjacent exotic phase

U(1) Dirac spin liquid J/tVBS order

QED3-Gross-Neveu-XY





VBS correlation ratio
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Decay of critical correlators
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