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Introduction: Quantum numbers of composites

3

Free spins-1/2:

+

<latexit sha1_base64="U4pSQfnOw0nxzQJms4M1cjsDLMs="></latexit>

s1 =
1

2

<latexit sha1_base64="oOcCfKTZd3IgVLTL6SN8c3PJAFg="></latexit>

s2 =
1

2
<latexit sha1_base64="pCQ66NCKvSI4YqmMvi7MOkQNwV0="></latexit>

m1 = ±
1

2

<latexit sha1_base64="OkzTn5lwNpQGJUVZtcD6SVo0eic="></latexit>

m2 = ±
1

2

=

S = 0 

M = 0

S = 1 

M = 0, ±1



Introduction: Quantum numbers of composites

3

Free spins-1/2:

+

<latexit sha1_base64="U4pSQfnOw0nxzQJms4M1cjsDLMs="></latexit>

s1 =
1

2

<latexit sha1_base64="oOcCfKTZd3IgVLTL6SN8c3PJAFg="></latexit>

s2 =
1

2
<latexit sha1_base64="pCQ66NCKvSI4YqmMvi7MOkQNwV0="></latexit>

m1 = ±
1

2

<latexit sha1_base64="OkzTn5lwNpQGJUVZtcD6SVo0eic="></latexit>

m2 = ±
1

2

=

S = 0 

M = 0

S = 1 

M = 0, ±1

Interacting spins-1/2:

Magnons 

S = 1



Introduction: Quantum numbers of composites

3

Free spins-1/2:

+

<latexit sha1_base64="U4pSQfnOw0nxzQJms4M1cjsDLMs="></latexit>

s1 =
1

2

<latexit sha1_base64="oOcCfKTZd3IgVLTL6SN8c3PJAFg="></latexit>

s2 =
1

2
<latexit sha1_base64="pCQ66NCKvSI4YqmMvi7MOkQNwV0="></latexit>

m1 = ±
1

2

<latexit sha1_base64="OkzTn5lwNpQGJUVZtcD6SVo0eic="></latexit>

m2 = ±
1

2

=

S = 0 

M = 0

S = 1 

M = 0, ±1

Interacting spins-1/2:

Magnons 

S = 1

Quantum numbers of composites = n · quantum numbers of constituents 

integer



Introduction: Spin liquids

4

Fractionalization:

Quantum numbers of collective excitations ≠ n · quantum numbers of constituents 



Introduction: Spin liquids

4

Fractionalization:

Quantum numbers of collective excitations ≠ n · quantum numbers of constituents 

Parton decomposition:

<latexit sha1_base64="+dkP/bvKgGZvtKAE+/BI22lEWFE="></latexit>

~Si =
1

2
Ψ̄i~ffΨi

“Spinons”



Introduction: Spin liquids

4

Fractionalization:

Quantum numbers of collective excitations ≠ n · quantum numbers of constituents 

Parton decomposition:

<latexit sha1_base64="+dkP/bvKgGZvtKAE+/BI22lEWFE="></latexit>

~Si =
1

2
Ψ̄i~ffΨi

“Spinons”

U(1) gauge redundancy:

<latexit sha1_base64="jDbg2Jl7MfvZbuAqiJEUFdlaYXA="></latexit>

Ψi 7! e
i–iΨi

… full gauge redundancy: SU(2) 
[Affleck et al., PRB ’88]



Introduction: Spin liquids

4

Fractionalization:

Quantum numbers of collective excitations ≠ n · quantum numbers of constituents 

Parton decomposition:

<latexit sha1_base64="+dkP/bvKgGZvtKAE+/BI22lEWFE="></latexit>

~Si =
1

2
Ψ̄i~ffΨi

“Spinons”

Models featuring “deconfined” spinons?

U(1) gauge redundancy:

<latexit sha1_base64="jDbg2Jl7MfvZbuAqiJEUFdlaYXA="></latexit>

Ψi 7! e
i–iΨi

… full gauge redundancy: SU(2) 
[Affleck et al., PRB ’88]



Introduction: Kitaev honeycomb model
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Spins-1/2 on honeycomb lattice:

Hamiltonian:

[Kitaev, Ann. Phys. ’06]
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Flatland U(1) gauge theory: Lattice compact QED3
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Field theory: QED3-Gross-Neveu-XY
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Evidence for QED3-Gross-Neveu-XY criticality
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Flatland ℤ2 gauge theory: Spin-orbital liquid
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Spin-orbital generalization of Kitaev model:
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Flatland ℤ2 gauge theory: Mapping to π-flux model
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Flatland ℤ2 gauge theory: Mapping to π-flux model
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Parton decomposition:

Kitaev spin-orbital model → Interacting fermions on π-flux lattice
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Spinless fermions on π-flux lattice: QMC
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Finite-size spectroscopy: Ising vs Ising*
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Transverse-field Ising: Transverse-field toric code:
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Gross-Neveu vs Gross-Neveu*
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Gross-Neveu-ℤ2 Gross-Neveu-ℤ2* (schematic)

… testable in future simulations

→ Poster Thomas Lang
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Conclusions: Spin-liquid criticality
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Confinement transition: Spinon-metal—insulator transition:
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Many further possibilities: → Talk Shouryya Ray @ Wed 17:00 

        → Poster Wilhelm Krüger

[Ray, Ihrig, Kruti, Gracey, Scherer, LJ, PRB ’21]

[Krüger, LJ, arXiv:2107.00661]
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Transversal heat conductivity:
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Smoking-gun signature of Majorana edge states?

[Kasahara et al., Nature ’18] 
Topical Review: [LJ & Vojta, JPCM ’19]

Thermal conductivity of α-RuCl3: Thermal Hall effect



Thermal conductivity of α-RuCl3: Quantum oscillations

[Czajka et al., Nat. Phys. ’21]

c

0 2 4 6 8 10 12 14
0

0.2

0.4

0.6

0.8

0.96 K

κ
x
x
/T

 (
W

 K
–

2
 m

–
1
)

µ0H (T)

1.74 K

1.37 K

0.96 K

0.43 K

0.64 K

Sample 1

[Gass, …, LJ, et al., PRB ’21]



Monopole proliferation
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Monopole scaling dimension:
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VBS correlation ratio
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Decay of critical correlators
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