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joint measurements & entanglement
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measurement-induced phase transitions
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measurement-induced phase transitions
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What happens if, for the toric code,
we weakly monitor all system qubits?
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Is the monitored toric code stable
to this coherent deformation?
|s there a threshold?

Nishimori transition
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Nishimori physics

Phys. Rev. Lett. 131, 200201 (2023)

G-Y. Zhu, N. Tantivasadakarn, A. Vishwanath, R. Verresen




Nishimori physics

Nishimori (1981)
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NIshimori's cat
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experiment

Nature Physics 21, 161 (2025)

E. Chen, G-Y. Zhu, R. Verresen, A. Seif, E. Baumer, D. Layden, N. Tantivasadakarn, G. Zhu, S. Sheldon, A. Vishwanath, A. Kandala




|IBM quantum cloud devices

NISQ devices built on transmon qubits
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protocol on IBM heavy-hexagon lattice
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incoherent & coherent errors

Dennis, Kitaev, Landahl, Preskill 2002
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qubit loss

arXiv:2505.22720

M. Putz, R. Vasseur, A. Ludwig, G-Y. Zhu




Nishimori / percolation & RG flows
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Nishimori / percolation & RG flows
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Nishimori / percolation & multifractality

percolation Nishimori
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monitored toric codes

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
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phase transitions & deformations
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Toric code under weak measurement
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Selt-dual criticality
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Mixed critical state: conformal scaling
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bulk conformal data

Shannon entropy of the mixed state = quenched average free energy of the random statistical model
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von Neumann entanglement entropy

boundary conformal data
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Universality classes

Ising Nishimori weak self-dual
o disorder Born rule dlsorder Born rule dlsorder
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Kramers-Wannier broken weak
duality duality duality

KWp o< p KW p KW = p
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learning transitions

arxXiv:2504.12385

M. Putz, S. Garratt, H. Nishimori, G-Y. Zhu

See also
Nahum & Jacobsen, arXiv:2504.01264
Kim, von Keyserlink & Lamacraft, arXiv:2504.08888




Monitored quantum criticality
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guantum monitoring & classical inference
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learning transitions

Bayesian / Born phase diagram

-

_5 | N
5 paramagnet _
S toric code SPi
O glass
D
L
B dephased
S e === =-=-0
T T
o ferromagnet
o ..
= trivial
2

0 0.598(2) 1

© Simon Trebst

inference / measurement strength y

dictionary of phases

classical measured Z,
Ising toric code symmetry
paramagnet quantum strong
memory
spin glass Classical weak
memory
ferromagnet ost broken
memory



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

temperature / deformation
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temperature / deformation

learning transitions

Bayesian / Born phase diagram

S
| N
= paramagnet spin
toric code glass
dephased
e == =-=-0
T
ferromagnet
trivial
0 0.598(2) 1

inference / measurement strength y

© Simon Trebst

RG flows

3.0 A

Nishimori

2.5 -
y o
tricritical  1s-

0.0 0.5 1.0

/8//60

tricritical

)

Ising

0 0.097



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

perspectives




Nishimorl physics

* a staple of classical statistical physics

* but ubiquitous in quantum physics

Pdisorder
theory - Phys. Rev. Lett. 131, 200201 (2023)

experiment (IBM) - Nature Physics 21, 161 (2025)
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Nishimorl physics

* a staple of classical statistical physics Incoherent error

* put ubiquitous in quantum physics @ % :l

* enforced by Born’s rule

* induced by coherent and incoherent errors

ZCian At

coherent error

[ 0.16757 /4

theory - Phys. Rev. Lett. 131, 200201 (2023)
experiment (IBM) - Nature Physics 21, 161 (2025)

© Simon Trebst
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Nishimorl physics

percolation "~""""Treg

weak
* a staple of classical statistical physics self-dual
RG flow

» but ubiquitous in quantum physics /

* enforced by Born’s rule Nishimori

* iInduced by coherent and incoherent errors \

* RG flow form percolation, self-dual, tricriticality

. : : : : tricritical
* an emerging fixed point universality class
for non-unitary conformal QCPs? Ising <

percolation — arXiv:2505.22720
self-dual — arXiv:2502.14034, PRX Quantum 5, 040313 (2024)
tricritical — arXiv:2504.12385

theory - Phys. Rev. Lett. 131, 200201 (2023)
experiment (IBM) - Nature Physics 21, 161 (2025)
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