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Probing transport properties via tensor network calculations
Jspin

μ μ21

Boundary driven open systems, Znidari�, PRL 20211

L̂fl = ≠i [H, fl] + D̂fl, D̂fl =
ÿ

k

LkflL
†
k

≠ 1
2{L

†
k
Lk , fl}

with

L1 =


1 + µS
≠
1 L3 =


1 ≠ µS

≠
L

L2 =


1 ≠ µS
+
1 L4 =


1 + µS

+
L

Probe:

• Nature of di�usion in integrable and nearly integrable systems

• Stability of superdi�usion in nearly integrable systems

• Subdi�usion in tilted (Stark) interacting chains



Integrable systems
• Macroscropic number of conservations laws [H, Ci ] = 0

• Paradigmatic example: Heisenberg model
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Three types of conservation laws J. Stat. Mech. (2016) 064008
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Non-trivial transport properties
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• Ballistic transport of energy current, PRB 55, 11029 (1997)
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• Important JE = Q3, implying ballistic energy transport
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• Very rich spin transport RMP 93, 25003 (2021)
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What happens to spin transport under perturbations?

H = HXXZ + H
Õ

• Di�erent transport regimes

• Di�erent symmetry classes of perturbations

• Finite / zero magnetization
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Approaches
• Full ED or Microcanonical Lanczos method (MCLM)
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Approaches Jspin
μ μ21

• Boundary driven open systems
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Current scaling, Znidaric, PRL 2011
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Spin profiles for unperturbed Heisenberg model



Approaches
• Generalized hydrodynamics: elastic scattering of quasi-particles

Types of conservation laws ¡ types of quasi-particles
PRL 115, 157201 (2015), J. Stat. Mech. (2021) 084001Y
]
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What happens to spin transport under perturbations?

H = HXXZ + H
Õ

• Di�usive regime � > 1

¶ Prelovöek, Nandy, Lenar�i�, Mierzejewski, and Herbrych, PRB 106,

245104 (2022)
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Results: perturbed di�usive spin transport � > 1
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Main result from open systems analysis, D = ≠ tr[Js flNESS ]
Òsz
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μ μ21

• jump in di�usion constant PRB 106, 245104 (2022)

• see also De Nardis et al, PNAS 119 (34) 2022
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Results: perturbed di�usive spin transport � > 1

Comparison to ED results
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What happens to spin transport under perturbations?
De Nardis et al, Proc. Nat. Acad. Sci. 119 (34), (2022)

• for � = Œ: sudi�usive transport

• finite � > 1: intermediate sudi�usive transport

rate for backscattering 
magnons

rate for creation of 
magnons

in t travels vt; net mag 1/sqrt(vt)

integrable case: di!usion

in t travels sqrt(Dt): net mag (Dt)

perturbed case: subdi!usion
-1/4

from Proc. Nat. Acad. Sci. 119 (34), (2022)



Superdi�usion
H = HXXZ + H

Õ

• Di�erent symmetry classes of perturbations
¶ Nandy et al, Rev. B 108, L081115 (2023)

¶ See also De Nardis et al, PRL 127, 057201 (2021)

• Finite / zero magnetization
¶ Nandy et al, Rev. B 108, L081115 (2023)
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Superdi�usion
• Generalized hydrodynamics: elastic scattering of quasi-particles J.

Stat. Mech. (2021) 084001
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Results: role of symmetry of perturbations
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Symmetry of perturbation very important!
• symm. breaking: di�usive transport

• symm. preserving: superdi�usive transport, js ≥ L
≠1/2

• Relevant for cold atom experiment, Science, 376(6594), 716-720 (2022)



Results: role of symmetry of perturbations
Superdi�usive scaling of di�usion constant D = ≠ tr[Js flNESS ]

Òsz ≥ L
’

æ superdi�usion robust at significant perturbations, PRB 108, L081115
(2023)
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Results: role of symmetry of perturbations
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Main ED result: symmetry of perturbation very important!
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Transport in tilted chains
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Crossover from di�usive to subdi�usive transport
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• Current exponentially suppressed with F ¡ no Stark localization, PRL
122, 040606 (2019)



Crossover from di�usive to subdi�usive transport
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• Profile: di�usive æ subdi�usion
• Current: F and L dependent scaling I ≥ L
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• Define L dependent dynamical exponent z



Crossover from di�usive to subdi�usive transport
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• Universal scaling of z(F
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• z = 4: fractonic hydrodynamics due to conserved M at large F?
• Cold atom experiment, Phys. Rev. X 10, 011042 (2020).



z(F
Ô

L) dependence and bounds on dynamics of M
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Proof of M conservation in T = Œ state
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ML assisted reconstruction of H from measurements

Input x : expectation values tr[O(–)fl] of local operators

O(–) = ‡–1

1
. . . ‡

–|S|
|S| , – = (–1, . . . , –|S|) œ {0, x , y , z}|S|

¶ data element: ÈO(–)Í of NO operators

Bootleneck: NL neurons

¶ Dimensional reduction NO æ NL

¶ Latent (compressed) representation

Loss function

LDT (◊) = 1
|DT |
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ML assisted reconstruction of H from measurements
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Latent representation of thermal states
Input: di�erent thermal state of H

H =
ÿ
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• Test error: LDT (◊) = 1
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!
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• Latent representation: 1D manifold

• Data elements ordered by energy ÈHÍ/N, PRB 106, L041110 (2022)
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H reconstruction procedure
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H reconstruction procedure

1. 1D latent representation
1

0

1

1

0

1

2. Find H candidate terms as
operators ÈO(–)Í with largest
gradient along the latent
representation:
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0

1

1
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3. Root finding to fix prefactors a–,
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C
O(–Õ)e≠—

q
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a–O(–)

Z

D
≠ ÈO(–Õ)Í = 0

(4.) If Var(a–)

E(a–)
≥ O(1), drop those terms

(5.) Redo the root finding without the
fake terms

(6.) Overall prefactor not set; potentially
from dynamics.



Test Hamiltonian reconstruction

Strictly local Hamiltonian, e.g. H =
q

i J ‡z
i ‡z

i+1 + h ‡x
i

• Correct reconstruction, if maximal sup(O(–)) Ø sup(H)

Long-range interactions, e.g., H =
q

i
q

d
1

d“ (a ‡x
i ‡x

i+d + b ‡y
i ‡y

i+d)

• small error in reconstruction due to finite support of ÈO(–)Í

• Qualitatively ok



Test Hamiltonian reconstruction
Reconstructing

HL =
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Application to Floquet H learning

• Floquet engineering via periodic driving: H(t + T ) = H(t)

• Floquet Hamiltonian, Ut0+T ,t0
= U = e≠iTHF

Eckardt, Rev. Mod. Phys. 89, 011004 (2017)

¶ HF from high frequency � = 1/T ∫ 1 expansion (Magnus...)

¶ Valid on prethermal plateau, up to timescales e–�

What is the e�ective Hamiltonian beyond the Floquet prethermal regime?



Application to Floquet H learning

Floquet protocol

U = e≠iH1T/2e≠iH2T/2
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Floquet H learning in the heating regime

Model: U = exp(≠iH1T/4) exp(≠iVT/2) exp(≠iH1T/4),

H1 =
ÿ

i

J‡z
i ‡z

i+1 + hz‡z
i + hx ‡x

i , V = ‘
ÿ

j

‡x
j

Heating regime for larger ‘:

A single latent variable su�cient for the whole time span

• thermal states throughout the heating regime PRB 103, 144307 (2021)

Does HF become less local in the heating regime?
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Open setup: noise-type reconstruction

H =
ÿ
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Hubbard excitons in Hubbard systems

Credit: Nature Physics (2023). DOI: 10.1038/s41567-023-02187-0

Collaboration with CalTech experimenta group, Nat. Phys. (2023).

See poster by Madhumita Sarkar
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ERC and QuantERA PhD and postdoc positions
ERC DrumS: Weakly driven quantum symmetries

Tensor Networks in Simulation of Quantum matter (T-NiSQ)
Bañuls, Cirac, Bloch (Munich), Ringbauer, Blatt (Innsbruck), Montangero
(Padova), Ortega (Bilbao).

Quantum simulation with engineered dissipation (QuSiED)
Chang (Barcelona), Marino (Mainz), Nägerl (Innsbruck), Hemmerich
(Hamburg), Zarand (Budapest).



Probing transport properties via tensor network calculations
• Di�usion in nearly integrable systems

¶ Jump in di�usion constant

¶ PRB 106, 245104 (2022)

• Superdi�usion in nearly int. systems

¶ Superdi�usion stable for symmetry

preserving perturbations

¶ PRB 108, L081115 (2023)

• Subdi�usion in tilted (Stark) chains

¶ Fractonic hydro

¶ Universal z(F
Ô

L) dependence and

TD subdi�usion

¶ arXiv:2310.01862 (2023)

• ML assisted Hamiltonian
reconstruction,

¶ arXiv:2308.08608 (2023)
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