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BORN, MARKOV, SECULAR APPROX

- S p(t) = Lp(t)]
LINDBLAD MASTER EQUATION

[H. P. Breuer, & F. Petruccione, OUP Oxford (2002).]
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state search DMRG

[U. Schollwock,
Ann. Phys., 326,
96192 (2011).]
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MPS-based methods
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Circuit- and cavity-QED Hamiltonians

I / — [G. Beaulieu, et al., PRX Quantum 6, 020301 (2025).]
Ta rget platforms '- (1; [L. Garbe, et al., Phys. Rev. Lett. 124, 120504 (2020).]
e [R.-H. Zheng, et al., Phys. Rew. Lett. 131, 113601 (2023).]

[Y. Liu, et al., Phys. Rew. Lett. 130, 173601 (2023).]
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Direct access to interactions and bath observables
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Environment-induced criticality

Equilibrium quantum phase transitions

G. De Filippis, GDB, et al., Phys. Rev. Lett. 130, 210404 (2023).
GDB, et al., Commun. Phys., 7, 364 (2024).
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RELATED IDEA: Dynamical quantum phase transitions

[M. Heyl, Europhys. Lett., 125, 26001 (2019).]
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Applications: work extraction & sensing

Ergotropy & quantum Fisher information

GDB, et al., Quantum Sci. Technol. 10, 015049 (2024).
F. Formicola, GDB, et al., Phys. Rev. Res. 7, 043086 (2025).
D. Parlato, GDB, et al., Phys. Rev. B 112, 224314 (2025).
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ERGOTROPY £ = max jtr(Hp)— tr(UpUTH) 1

Maximum extractable work Uel(d)
[A. Allahverdyan, et al., Europhys. Lett., 67, 565 (2004).]
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Switch-off: turning off environment interactions

gso — gsys — Aso

[I. Kosuke, and T. Miyadera, arXiv:1711.02322 (2017).]
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ERGOTROPY €= max {tr(Hp) —tr(UpU H)}

Maximum extractable work Uel(d)
[A. Allahverdyan, et al., Europhys. Lett., 67, 565 (2004).]

Switch-off: turning off environment interactions Local: acting only on the system
_ T

Eso = Esys — Nso Es = e {tl‘(HSEPSE) = tl“(UsPSEUSHSE

[I. Kosuke, and T. Miyadera, arXiv:1711.02322 (2017).] s € ( S) [R. Salvia, et al., Phys. Rev. A, 107, 01240 (2023).]
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Fluctuations: work quasi-probability distribution 02 (t) = (w2> o (w)2 [G. Francica, Phys. Rev. E, 105, 014101 (2022).]
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NON-MARKOVIANITY AND CRITICALITY
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the probe response
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QUANTUM FISHER INFORMATION (QFI) PROBING
NON-MARKOVIANITY AND CRITICALITY

Sensitivity peak
QUANTUM SENSING \
Estimate a parameter from — é%%%%“ S ’J \__

the probe response

Signal Response
Quantum probe

1
Large QFI = enhanced sensitivity to T A e T vara >
small parameter changes 9 = (#meas,)Fg (p(@))

[J. Liu, et al,, J. Phys. A: Math. Theor. 53, 023001 (2019).]

13; QOPenN .\ off Workshop
Simulating OQSs and Their Environments with MPSs




QUANTUM FISHER INFORMATION (QFI) PROBING
NON-MARKOVIANITY AND CRITICALITY

Sensitivity peak
QUANTUM SENSING N
Estimate a parameter from —> é%%%%“ —> J A

the probe response

Signal Response
Quantum probe
_ L 1
Large QFl = enhanced sensitivity to Cramér-Rao bound varg >
small parameter changes — (#meas.)Fg(p(O))
[J. Liu, et al,, J. Phys. A: Math. Theor. 53, 023001 (2019).]
WHAT DO WE ASK?
J Is QFI a marker of quantum phase transitions? QFI to probe criticality and
 Is it robust to dephasing noise? non-Markovianity
(J Can its dynamics reveal non-Markovianity?

He' QOpen . .  « Workshop D. Parlato, GDB, et al., Phys. Rev. B 112, 224314 (2025).
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MODEL a B

Dephasing noise k modifies
the transition in SBM

D. Parlato, GDB, et al., Phys. Rev. B 112, 224314 (2025).
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MODEL

Dephasing noise k modifies

QFIl peaks at CRITICAL COUPLING
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Dephasing reduces
sensitivity
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the transition in SBM

D. Parlato, GDB, et al., Phys. Rev. B 112, 224314 (2025).
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the transition in SBM

QFI FLUX reveals MEMORY EFFECTS
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Markovian
h% 0 LH Matrix product
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D. Parlato, GDB, et al., Phys. Rev. B 112, 224314 (2025).




Recent past: non-equilibrium effects

Kibble-Zurek mechanism & quantum Mpemba effect

T. Pirozzi, GDB, et al., arXiv:2603.16709 (2026).
P. Chirico, GDB, et al., arXiv:2603.17565 (2026).



KIBBLE-ZUREK MECHANISM (KZM) IN THE OPEN QRB

QOpen Kick-off Workshop T. Pirozzi, GDB, et al., arXiv:2603.16709 (2026).
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Environment does not simply destroy adiabaticity: in the non-Markovian regime,

Main idea
it shapes the critical universality class and preserves KZ scaling
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KIBBLE-ZUREK MECHANISM (KZM) IN THE OPEN QRB

Mainidea Environment does not simply destroy adiabaticity: in the non-Markovian regime,
it shapes the critical universality class and preserves KZ scaling

1.8 2.0 2.2 2.4 2.6
[(gc — g)/A]
BKT transition

Relaxation-time
divergence confirms
BKT criticality
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KIBBLE-ZUREK MECHANISM (KZM) IN THE OPEN QRB

Mainidea Environment does not simply destroy adiabaticity: in the non-Markovian regime,
it shapes the critical universality class and preserves KZ scaling

y ; 80
| — Eexc(tQ) i 0
. Freeze—outi
a4 44 Unreliable: 60
N ! Q
— | -~
k= ! 50
3-
[40
1.8 2.0 2.2 2.4 2.6 0 0.4 0.7 1.0 °°
[(ge — 9)/A] " g/A
BKT transition Adiabatic breakdown
Relaxation-time Crossing the critical point
divergence confirms induces freeze-out and loss of
BKT criticality adiabaticity
QOpen Kick-off Workshop T. Pirozzi, GDB, et al., arXiv:2603.16709 (2026).
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KIBBLE-ZUREK MECHANISM (KZM) IN THE OPEN QRB

Mainidea Environment does not simply destroy adiabaticity: in the non-Markovian regime,
it shapes the critical universality class and preserves KZ scaling

X103
5 i 80 5.44 .
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a4 Unreliable| 60 ﬂ QN
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- 259 , ., . trA
1.8 2.0 2.2 2.4 2.6 0 0.4 0.7 1.0 10 13 16 19
(9. — g)/A] 2 g/A teA
BKT transition Adiabatic breakdown KZM scaling + effective TLS
Relaxation-time Crossing the critical point i N .
: : : Universal excitation scaling follows
divergence confirms induces freeze-out and loss of . :
Y . . . from an effective Landau-Zener picture
BKT criticality adiabaticity
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COUPLING IN THE SBM
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A state farther from equilibrium can relax faster (QUANTUM MPEMBA EFFECT)

Main idea when the initial-state geometry selects a faster relaxation pathway
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QUANTUM MPEMBA EFFECT BEYOND WEAK
COUPLING IN THE SBM

A state farther from equilibrium can relax faster (QUANTUM MPEMBA EFFECT)

Main idea when the initial-state geometry selects a faster relaxation pathway

What we need

.| Initial states
L | related by
rotations

S(pllpss) = Tr[p(Inp —In pss)]

Relaxation quantified by
relative entropy

O QOpen Kick-off Workshop P. Chirico, GDB, et al., arXiv:2603.17565 (2026).
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QUANTUM MPEMBA EFFECT BEYOND WEAK
COUPLING IN THE SBM

A state farther from equilibrium can relax faster (QUANTUM MPEMBA EFFECT)

Main idea when the initial-state geometry selects a faster relaxation pathway

5 a=0.01 a=0.3
What we need . -
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Relaxation quantified b
relative entro py Curve crossings mark the Mpemba
effect; stronger coupling makes the
QOpen ,,. separation clearer. » .
S Kick-off Workshop P. Chirico, GDB, et al., arXiv:2603.17565 (2026).
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COUPLING IN THE SBM

A state farther from equilibrium can relax faster (QUANTUM MPEMBA EFFECT)

Main idea when the initial-state geometry selects a faster relaxation pathway

a=0.01 a=0.3
What we need . e What we find
A v 1.00
Q S
G e perigrr z g O The effect has a geometric
Initial states " " 0.5 structure on the Bloch
related by e Ay sphere
_ ¢ rotations 0.8 et 0 a=07 At zero temperatureitis
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— - ~ 0. ~ 0.2 c
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0 0.0 102 10° 102 10°
Relaxation quantified by A1) A1) 1 Larger a — stronger effect
relative entro py Curve crossings mark the Mpemba
7 effect; stronger coupling makes the
‘5: QOpen ,,. separation clearer. g -
S Kick-off Workshop P. Chirico, GDB, et al., arXiv:2603.17565 (2026).
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MPS to simulate open quantum systems beyond weak-coupling and

Markovian approximations

Outcome: by treating system and bath explicitly, we access reduced dynamics, bath observables, and
system-environment interactions.
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CONCLUSIONS

MPS to simulate open quantum systems beyond weak-coupling and

Markovian approximations

Outcome: by treating system and bath explicitly, we access reduced dynamics, bath observables, and
system-environment interactions.

e Environmentinduces and e Explicit environments e Ergotropy: system-
shapes QPTs and DQPTs reveal DQPTs, KZM scaling, environment interaction as
and Mpemba relaxation a resource for work
extraction

e QFI: criticality as aresource
for sensing and memory
effects
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