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1. conserved charge (1D example) 

2. structure factor (two-point correlations only) 
 
 
 
moments determine the scaling function 

3. higher-order correlations: net charge transfer 

Charge transport
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Q(t) = Q

// Bertini et al., Rev. Mod. Phys. 93, 25003 (2021)



Net charge transfer from region    is related to accumulated current through the boundary 

The “higher-order correlations” mean cumulants that determine the distribution           of values of    . 
 
For rare events (e.g., ballistic scale current),           is expected to obey the large-deviation principle 

Gallavotti-Cohen (fluctuation) symmetry: in the absence of a drive the fluctuations in both directions 
are equally probable                   . In terms of cumulants / cumulant-generating function: 

Charge transport
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1. ChatGPT: 
 
 
 
 

2. charge transport: all fluctuations (= multi-point correlation functions)

What is transport universality?



1. isotropic Heisenberg magnet (integrable & non-Abelian rotation symmetry)

Dynamical exponent is not universality



1. isotropic Heisenberg magnet: integrability + SU(2)

Dynamical exponent is not universality

// E. Rosenberg et al., Science 384, 48 (2024)

Properties of net charge transfer  
statistics, e.g., kurtosis
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2(t)
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kurtosis inconsistent  
with KPZ



1. Can lack of time-reversal stabilize KPZ universality class? 

// De Nardis, Gopalakrishnan, Vasseur, PRL 131, 197102 (2023)

The role of space-time symmetries



1. Can lack of time-reversal stabilize KPZ universality class? 

2. Is fluctuation symmetry in integrable models always due to time-reversal symmetry? 

// De Nardis, Gopalakrishnan, Vasseur, PRL 131, 197102 (2023)

// Doyon et al., SciPost 15, 136 (2023)

The role of space-time symmetries



Models with (some sort of) chirality

1. integrable circuits with asymmetric geometry or asymmetric gates
1 2 3 4 5 6 7 8 9 10

(a) (q, r)=(5, 1), p=2

1 2 3 4 5 6 7 8 9 10

(b) (q, r)=(5, 2), p=6

1 2 3 4 5 6 7 8 9 10

(c) (q, r)=(5, 3), p=4

1 2 3 4 5 6 7 8 9 10

(d) (q, r)=(5, 4), p=8

1 2 3 4 5 6 7 8 9 10

(e) (q, r)=(10, 3), p=7

1 2 3 4 5 6 7 8 9 10

(f) (q, r)=(10, 7), p=3

1 2 3 4 5 6 7 8 9 10

(g) (q, r)=(10, 1), p=1

1 2 3 4 5 6 7 8 9 10

(h) (q, r)=(10, 9), p=9

Premise: U(1)-conserving  
Yang-Baxter unitary gate 

// Vanicat, LZ, Prosen, PRL 121, 030606 (2018) 
// Žnidarič, Duh, LZ, PRB 112, L020302 (2025) // Miao, Gritsev, Kurlov, SciPost Phys. 16, 078 (2024) 

// Paletta, Duh, Pozsgay, LZ, JPA 58, 275001 (2025)

// LZ, Krajnik, Ilievski, Prosen, PRX quant. 5, 030356 (2024)

chirality from asymmetric 
arrangement

chirality from  
asymmetric legs

“quantum spin ratchet”



2. chiral integrable SU(2)-invariant ladder: obtained from the integrable XXX circuit 
 
 
 
 
 
 
 
 
Hamiltonian dynamics generated by

Models with (some sort of) chirality
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Models with (some sort of) chirality

3. integrable Trotterization of the chiral SU(2)-invariant ladder

<latexit sha1_base64="Wztmx2+8L38QSUNP3ZwQtpmbqvU="></latexit>

U[4j→1,4j+2] = eiωh[4j→1,4j+2] +O(ω3)



What we observe
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All cases: z = 2/3 non-KPZ superdiffusion
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are those of the gate not of the circuit
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1. integrable quantum spin ratchet (asymmetric gate, two spin species) 
 
 
 
 
 
 
 
 
 
 

2. chiral SU(2)-invariant ladder is obtained from the first two charges of the XXX circuit

Integrable structure  propagators  momenta & energies→ →

contributions from two 
sublattices  and s1 s2

(λ± = λ ± τ/2)

⇒ s1 = s2 = s



1. probability to observe ballistic scale accumulated current through the middle of the system 
 
 
 
 

2. hydrodynamic mode decomposition for the scaled cumulants admits a tree-graph expansion

Generalized fluctuation relation in spin ratchets
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qdrm
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dωεm(ω)(ϑ↑m)dr(ω)
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sign of quasiparticle velocity
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// B. Doyon et al., SciPost Phys. 15, 136 (2023)



Observations: 

As a result, the generating function of the scaled cumulants,                                        , satisfies 

Generalized fluctuation relation in spin ratchets

⟹
via Legendre  

transform
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integrable model w/o 
fluctuation symmetry 

OR 
with a generalized fluctuation  
symmetry and no T symmetry



1. chiral SU(2)-invariant spin ladder 
 
 
 
 
 
 
 
 

2. link parity      (  symmetry)C2

Fluctuation relation from a “crystallographic” symmetry

2n − 1

2n

2n + 1

2n + 2

counter-clockwise!
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2. link parity      (  symmetry)C2

2n − 1

2n + 2
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2n counter-clockwise!
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1. chiral SU(2)-invariant spin ladder 
 
 
 
 
 
 
 
 

2. link parity      (  symmetry) 

3. no site parity P or time-reversal symmetry T (however, there is a combined PT symmetry)

C2
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 invariant state 

conservation of total magnetization: 

odd cumulants contain odd moments in each term  they also vanish!

C2
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 invariant state 

conservation of total magnetization: 

odd cumulants contain odd moments in each term  they also vanish!

C2

→

2n − 1

2n + 2

2n + 1

2n2n − 1

2n

2n + 1

2n + 2

⟹
integrable model with fluctuation  
symmetry from a  symmetry (not T)C2

Fluctuation relation from a “crystallographic” symmetry



Recap 

1. Example 1: integrable model without fluctuation symmetry / with a generalized fluctuation 
symmetry without time-reversal invariance 

2. Example 2: integrable model with fluctuation symmetry following from a “crystallographic” 
symmetry rather than time-reversal invariance

Both models are integrable SU(2) invariant spin models that generalize (or are related to) the XXX 
integrable structure  expect transport with some KPZ-like properties.  

Q:  Is full KPZ universality recovered simply due to broken time-reversal invariance?

→



1. Structure-factor moments  basic transport properties 
 
 
 
 
 
 

2. Chiral spin ladder (hydro mode decomposition arguments & TBA): 
 

3. Universality class requires distribution of charge fluctuations at large scales

→

Structure factor

// Ilievski et al. PRX 11, 031023 (2021) 
// Gopalakrishnan, Vasseur, PRL (2019)

variance of the  
structure factor
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Comparison with numerics: 1st absolute moment of S(x,t)
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µ2(t) = ω2(t) =

∫
dx|x|S(x, t) → t1/z

from hydro and TBA



1. Quantum generating function 
 
 
 

2. Charge = total spin: 
 
 
 
Low bond dimension  efficient tensor-network simulation→

Access to fluctuations: QGF approach

// A. Valli et al., PRL 135, 100401 (2025)
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Similar results as in XXX model, despite broken space-time symmetries (no KPZ universality)

Access to fluctuations: QGF approach
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kurtosis inconsistent  
with KPZ



Broken time-translation symmetry

The integrable gate is not “faithful”
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Summary

1. XXX circuit        chiral spin models with broken P and T symmetries 
2. fluctuation symmetry may arise from space (“crystallographic”) symmetries 
3. integrable models need not have “internal” fluctuation symmetry (this does not preclude a more 

general external one, e.g., ) 

(One?) message: relevant space-time symmetries are microscopic ones, not macroscopic ones 

Outlook / work in progress: transport in spin ladders  transport in spin ribbons

s1s2 ↔ s2s1

⟶

Thank you!


