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Time-dependent 
evolution TDVP

[J.Haegeman, et al., Phys. Rev. 
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❑ Bigger time-step 
than 𝑊𝐼 and 𝑊𝐼𝐼  

❑ Time-step error 
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model

Bath spectral density
linked to the dissipation rates
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EQUILIBRIUM QUANTUM PHASE TRANSITIONS (QPTs)

EQUILIBRIUM

OUT OF 
EQUILIBRIUM

Rabi oscillations → exponential decay → no relaxation at the transition
G. De Filippis, GDB, et al., Phys. Rev. Lett. 130, 210404 (2023).
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2-QUBIT 
CASE:

EQUILIBRIUM

Two degenerate states post-transition from entanglement and magnetization distribution

Before After

2-QUBIT CASE:
OUT OF EQUILIBRIUM - OSCILLATOR

Oscillator behavior 
resembles the qubits one

GDB, et al., Commun. Phys., 7, 364 (2024).
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function 
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GDB, et al., Quantum Sci. Technol. 10, 015049 (2024).

Bath is not 
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QPT
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Bath rephasing improves the ergotropy performance
It outperforms Haar unitaries 

and approaches 𝜀𝑆𝑂 at long times
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WHAT DO WE ASK?
❑ Is QFI a marker of quantum phase transitions?
❑ Is it robust to dephasing noise?
❑ Can its dynamics reveal non-Markovianity?

QFI to probe criticality and 
non-Markovianity

D. Parlato, GDB, et al., Phys. Rev. B 112, 224314 (2025). 
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QFI FLUX reveals MEMORY EFFECTS 

Lindblad = 
Markovian

Matrix product 
state = 

continuous 
exchange of 
information  

QFI peaks at CRITICAL COUPLING

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

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

Main idea

KIBBLE–ZUREK MECHANISM (KZM) IN THE OPEN QRB

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

BKT transition Adiabatic breakdown KZM scaling + effective TLS
Relaxation-time 

divergence confirms 
BKT criticality

Crossing the critical point 
induces freeze-out and loss of 

adiabaticity

Universal excitation scaling follows 
from an effective Landau–Zener picture
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A state farther from equilibrium can relax faster (QUANTUM MPEMBA EFFECT) 
when the initial-state geometry selects a faster relaxation pathway

What we need

Relaxation quantified by 
relative entropy Curve crossings mark the Mpemba 

effect; stronger coupling makes the 
separation clearer.

What we find

❑ The effect has a geometric 
structure on the Bloch 
sphere

❑ At zero temperature it is 
restored by increasing 
coupling α (for low α you 
need high temperature)

❑ Larger α → stronger effect
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QUANTUM MPEMBA EFFECT BEYOND WEAK 
COUPLING IN THE SBM

Main idea

Initial states 
related by 
rotations

P. Chirico, GDB, et al., arXiv:2603.17565 (2026).
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Criticality

• Environment induces and 
shapes QPTs and DQPTs

Dynamics

• Explicit environments 
reveal DQPTs, KZM scaling, 
and Mpemba relaxation

Applications

• Ergotropy: system-
environment interaction as 
a resource for work 
extraction

• QFI: criticality as a resource 
for sensing and memory 
effects
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