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Classical vs quantum criticality
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Magnetic frustration

Antiferromagnetic interaction:

Hi; = JS,-ZSJ-Z J>0
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Magnetic frustration

Antiferromagnetic interaction:

Hi; = JS,-ZSJ-Z J>0

Frustration:

Incompatible interactions
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Magnetic frustration

Antiferromagnetic interaction:

Hij = JS7S7

Frustration:

Incompatible interactions

New states of matter
with exotic excitations?

J >0
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Deconfined quantum criticality
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Deconfined quantum criticality

—o = (|1) — [I1) /v2
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Deconfined quantum criticality
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Fractionalized quantum criticality

Ordered state Quantum paramagnet [Assaad & Grover, PRX '16]

_+_-> [Xu,, Qi, Zhang, Assaad, Xu, Meng, PRX "19
[LJ, Wang, Scherer, Meng, Xu, PRB '20
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Quantum paramagnet #1
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Kitaev spin-1/2 model

Hamiltonian:

H=K Za —I—Za —I—ZU
(1)) x
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[Kitaev, Ann. Phys. '06]



Kitaev spin-1/2 model

Hamiltonian:

H=K Za?‘af—l—Za{af—l—Zaizajg
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[Kitaev, Ann. Phys. '06]
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Kitaev spin-1/2 model

Hamiltonian:
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Kitaev spin-1/2 model

Hamiltonian:

Wk (S oior+ S ool + Y i
(iJ)

[Kitaev, Ann. Phys. '06]

Majorana representation: Fractionalization:
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spin 4 Majoranas
with gauge constraint

with |d;;, H| =0 = static Z, gauge field!
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... possible relevance to a-RuCls, NazlrOs3, NaxCozTeOeg, ...



Kitaev-Heisenberg spin-1/2 model

Hamiltonian:

H = KZJ?O’?-FJZ&);-EJ
(if) (if)

Phase diagram:

K>0,J=0
liquid
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... possible relevance to a-RuCls, NazlrOs3, NaxCozTeOeg, ...

J=Acosp
K = 2Asinp

... from 24-site ED: [Chaloupka, Jackeli, Khaliullin, PRL '13]
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... ho sign-problem-free QMC available: [Sato & Assaad, PRB ’'21]



Beyond Kitaev spin-1/2

Spin-orbital generalization:
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Beyond Kitaev spin-1/2

Spin-orbital generalization:

0% 2X2 v =0*Q@7TP 4x4

spin 4 Majoranas . . 6 Majoranas
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with gauge constraint with gauge constraint
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Kitaev spin-orbital models

Hamiltonian:
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Kitaev spin-orbital models

Hamiltonian: Spin-orbital representation:
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Kitaev spin-orbital models

Hamiltonian:
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Kitaev spin-orbital models

Hamiltonian:
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Kitaev-Heisenberg spin-orbital model

Hamiltonian:

H=K) ¢-¢e1 1 +J) & d1l;
(i)~ (ij)
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Kitaev-Heisenberg spin-orbital model

Hamiltonian:
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Kitaev-Heisenberg spin-orbital model

Hamiltonian:

3 itinerant fermions

— ﬁ,‘jCTCj — %(C;rfci) ' (CJECJ)

with [d;j, H] = O still static!
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Kitaev-Heisenberg spin-orbital model

Hamiltonian:

(1))~ —_——— ) — y 3 itinerant fermions
AT 1, T7 -~
— UjjC; C; — Z(Ci Lci) - (cjlcy)

with [d;j, H] = O still static!
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Fractionalized fermionic quantum criticality
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Effective field theory

Gradient expansion:

S = /d2>?d7'

IV 0u + 86 P(1 @ D)y
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Effective field theory

Gradient expansion:

S — /d%?dq- _z/}y“'a“m/; + g0 - Y1, ® E)z/J “Gross-Neveu-SO(3)"

Wetterich equation: O R,
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[Gies, Lect. Notes Phys. '12]

13



Effective field theory

Gradient expansion:

S = /d%?dq- Py +g@ - P(1, ® L)y “Gross-Neveu-S0(3)”
A
Wetterich equation: 1 0. R
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Fractionalized Gross-Neveu-SO(3) criticality

Correlation length exponent: Anomalous dimension:
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Fractionalized Gross-Neveu-SO(3) criticality

Correlation length exponent: Anomalous dimension:
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QMC simulations (N = 12)

Scaling collapse: L=p=6 —x— L=p=9 —v— L=P=12 —=— L=p=I5 L=B=18 —o—
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QMC simulations (N = 12)
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