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Introduction: Quantum spin liquids
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Introduction: Quantum spin liquids

Frustration:

1> spin liquid:

U(1) spin liquid:

Kitaev honeycomb model
Toric code

Kagome model?
Triangular model?

Fractionalization:

[Kitaev, Ann. Phys. ’06]
[Kitaev, Ann. Phys. ‘03]

[He et al, PRX "17]
[Hu et al., PRL ’19]
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Motivation: Spin-liquid criticality

Example: a-RuCls in field
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Motivation: Spin-liquid criticality

Example: a-RuCls in field
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Main question:

How do fractionalized excitations a[edt quantum criticality?



Model: Lattice compact QED3

Action (square lattice):
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Model: Lattice compact QED3

Action (square lattice):
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Phase diagram (K > 0):

U(1) Dirac spin liquid J/t
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Model: Lattice compact QED3

Action (square lattice):

B
L g <
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... favors 11 flux for K > 0

Phase diagram (K > 0):

U(1) Dirac spin liquid VBS order /%
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Field theory: QED3-Gross-Neveu-XY

Action (continuum):
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Field theory: QED3-Gross-Neveu-XY

Action (continuum):

RG flow:

gapless

deconfined

QED3-GN-XY
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See also: [Dupuis et al., PRB '19]
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QED3-GN-XY criticality:
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[LJ, Wang, Scherer, Meng, Xu, PRB ’20]
Extension to O(1/N?): [Zerf et al., PRD ’20]



Evidence for QED3-Gross-Neveu-XY criticality

Scenario 1: Conventional paramagnet

XY:

Scenario 2: Dirac fermions
Gross-Neveu-XY::

Scenario 3: Dirac fermions + U(1) gauge field
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Evidence for QED3-Gross-Neveu-XY criticality

Scenario 1: Conventional paramagnet

XY: [ OB72
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Scenario 3: Dirac fermions + U(1) gauge field
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Evidence for QED3-Gross-Neveu-XY criticality

Scenarto4~Canyentional paramagnet
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Scenario 2: Dirac fermions
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Scenario 3: Dirac fermions + U(1) gauge field
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Evidence for QED3-Gross-Neveu-XY criticality
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Evidence for QED3-Gross-Neveu-XY criticality

SCEnar~++Canyentional paramagnet T R (¢

) . | .
- [NANAY .
= SN s - [}
| TN =Tl . . .
. . -~ 19} «
] Ve <A =8
SO R .
e O SN N
e = - J R
= e / o™ - o
R i 0 OO
e — . <. _ - o "
__ ot 0F g o ) 0]0.
e = — 8 ) . D -
| 2q.® - » B AL

e - gl aiiasiiad OO A B T . = — :
—_— —2 -1 U™ il

p e PN ;l>3 0.5 - XY k¢ L=20J

1.0 20{ T ____ SR

Scenarts=fs~Ritac, fermions () Ni = 8, v = 1.07 P v
e T RS = aaaaaY K s RAVLY

Gross-Neveu-XY: Qe ] N calculat
sl @@M _—% arge-Ns calculation

BS

1.2

f st LUT A e - \/
i Y g

... for N =8 0.0

—2 _11 0 1 2 OO eangRn. 0.5 Q.75 1.00

(373, — 1)LV

Scenario 3: Dirac fermions + U(1) gauge field P T®N =8 v=151 s B

¥ 16-
QEDs-Gross-Neveu-XY: [T Ihl UEDsGRXY P <14
” [ TP4

0.5 -

'ves

1.2-

1.0{ -l
_ 0.0 081 - - - |
... for Ny =8 ' ' ' 0.00 0.25 05 0.75 1.00

1/N¢
5 [LJ, Wang, Scherer, Meng, Xu, PRB ’20]




Conclusions

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

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

QED3-Gross-Neveu-XY

Quantum critical behavior reveals
nature of adjacent exotic phase
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VBS correlation ratio
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Decay of critical correlators

Dimer correlator Spin correlator
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