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shallow circuits
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state preparation by measurement
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state preparation by measurement

N. Tantivasadakarn, R. Thorngren, A. Vishwanath, and R. Verresen, Long-Range Entanglement from Measuring Symmetry-Protected Topological Phases, PRX (2024)
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monitored toric codes

arXiv:2512.19786
arXiv:2502.14034
PRX Quantum 5, 040313 (2024)

F. Eckstein, B. Han, Q. Wang, R. Vasseur, A. Ludwig, G-Y. Zhu




entanglement by measurement: surface code

d=7 surface code
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IS an Ingenious
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IS an exactly solvable
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phase transitions & deformations -
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learning by measurement

Infer the logical qubit of a surface code from single-qubits measurements.

Eckstein, Han, ST & Zhu, PRX Quantum 2024, arXiv:2512.19786
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learning by measurement

The learning thresholds exhibit monitored quantum criticality.

Eckstein, Han, ST & Zhu, PRX Quantum 2024, arXiv:2512.19786
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learning by measurement

The learning thresholds exhibit monitored quantum criticality.

Eckstein, Han, ST & Zhu, PRX Quantum 2024, arXiv:2512.19786
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learning by measurement

The learning thresholds exhibit monitored quantum criticality.

Eckstein, Han, ST & Zhu, PRX Quantum 2024, arXiv:2512.19786
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learning by measurement

The learning thresholds exhibit monitored quantum criticality.

Eckstein, Han, ST & Zhu, PRX Quantum 2024, arXiv:2512.19786
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learning by measurement
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bulk-boundary correspondence

arxXiv:2502.14034
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learning deformed toric codes

arXiv:2604.06324
PRL 136, 190402 (2026)

M. Putz, S. Garratt, H. Nishimori, R. Patil, A. Ludwig, G-Y. Zhu




deformed toric code
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learning Ising model via Bayesian inference
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learning deformed toric codes

M. Piitz et al.,PRL 136, 190402 (2026)
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replica theory

arxiv:2604.06324



introduction to replica theory

I random-bond Ising model We want to calculate disorder average

| disorder average
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introduction to replica theory
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introduction to replica theory

I
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Nishimori line & replica symmetry

" random-bond Ising model start from the replicated partition function
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Nishimori line & replica symmetry

I random-bond Ising model
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Nishimori line & replica symmetry

" random-bond Ising model replicated partition function on the Nishimori line
paramagnet S _ cosh K)~Ne 8 Q) (a
Nishimori line Z" ek | 2N) Z HCOSh( a,0§ )Ug(' )))
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Nishimori line exhibits enlarged symmetry
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replica theory for the learning model

I learning Ising model conditional probability of measurement outcome

Nishimori line | | | 1
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replica theory for the learning model

I learning Ising model replica trick for posterior ensemble
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conditional randomness by measurement
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higher Nishimori line

arxiv:2604.06324




higher Nishimori line

learning Ising model R — 1

I

R. Patil et al., arXiv:2604.06324
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higher Nishimori line

learning Ising model R — 1
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generalized RG flows and c-theorem

R. Patil et al., arXiv:2604.06324

learning Ising model i — 1 RG flow of Casimir central charge
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para- replica limit R. Patil & A. Ludwig, arXiv:2507.07959
magnet | spin
glass NZ)
a:().5()_00000-00--00"'."=o=t
llllllllllllllllllllllllll UQJ :.:
(2) : - - o0 o =
N higher | Nishimori line E 0521 59
¢ ; R — 2 O [}
i)
= 0.51} o )
Q [] E
> [}
Vlearning I kit |
S 0.0 Ve &
0.00 - & O
H = — g 5757 0.0 .= 0.598 1.0
(1,7) measurement strength -~

© Simon Trebst



http://www.thp.uni-koeln.de/trebst/

generalized RG flows and c-theorem

R. Patil et al., arXiv:2604.06324

learning Ising model i — 1 RG flow of Casimir central charge

N Nishimori line Coff > Clsing = 1/2
R—1
para- replica limit R. Patil & A. Ludwig, arXiv:2507.07959
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closing remarks



summary

* measurements are a powerful tool to create entangled states

 shallow circuit constructions for cat & toric code states

* trade-off in form of auxiliary qubits and decoding

* monitoring topology

 stability of protocols & thresholds
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* new universal behavior & higher Nishimori physics
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