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BELL

¢ Involved units:

Trieste (Angelo Bassi)

Genova
Parma
Pavia

Milano

Trento

UNIVERSITA DEGLI STUDI DI MILANO

AP/ DIPARTIMENTO DI FISICA



UNIVERSITA
DEGLI STUDI
DI MILANO

Mathematics Department (sieid theory and general relativity)

Livio Pizzocchero
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Mathematics Department (quantum measurement)
Alberto Barchielli
Alessandro Toigo
Davide Fermi
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BELL

e Members of Milan unit:

UNIVERSITA
DEGLI STUDI
DI MILANO

Physics Department (open quantum systems)

Bassano Vacchini

Andrea Smirne

Francesco Albarelli
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Outline

e Quantum thermodynamics
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Quantum thermal machines

quantum
*working controlled system-bath
substance” Interactions

(e.g. single spin)

(Bosonic) cold bath

Heat: change of baths mean
energies

Work: change of total mean

(Bosonic) hot bath energy due to
external time-dependence
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Quantum thermal machines

e Many challenges to study QTM going beyond

standard idealised scenarios:

e Strong system-bath coupling: non-Markovian
dynamics & nonperturbative simulation

techniques

e Finite-time evolution (non-adiabaticity)
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Invasiveness of quantum thermometry

quantum ,OB(O) — Z_le_HE/kT

probe probe-sample
(e.g. single _ # Interaction

spin) (@ ———p

o
hutudusbinlitudimbinl SR

Bosonic bath =
thermal sample

Measu remht
on the probe

outcomes estimate

o The probing is invasive!
statistics of T

Bosonic bath increases mean
energy: absorbed heat
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Case study: pure-dephasing thermometry

o i
hutudushinlutuhibinl SR

e Interaction preserves energy of the probe, but

not of the sample

e Dissipated heat = external work to couple and

decouple probe and sample
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Dynamics of relevant figures of merit

Albarelli, Paris, Vacchini, Smirne, arXiv:230503436
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accuracy
of temperature :
estimation

Inevitable tradeoff at short times “* absorbed heat

-> study of optimal schemes (indep of T)
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Complex and structured environments

hv

Chlorosome
antenna

4
e 7 6@1 Thermal machines,
- 5&'@, @ Quantum biological systems,
N A Solid-state systems (eg NV

...... &Y, centers), ....
4 .-.,.... & 3
Reaction centre

e Memory effects: non-Markovian dynamics

e Strong coupling: nonperturbative approaches

are needed
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Exact mapping to an auxiliary configuration

Smirne, Tamascelli, Lim, Plenio, Huelga OSID 29, 225019 7 (2023)

Equivalence ThaN
theorem: '

match C(t)/J(w)

. Non-Markovian

1.54 1.54
T features detected
8 1.52 1.52 . .
S 2 - Linear (instead of
2.1.50 Y s quadratic) scaling
3 of CPU time vs

1.48 . . .
simulation time

148 150 1.52 1.54

148 150 152 154
w1 [10*cm™?]

wi [10%* cm™!]
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Collaborations

= H.-P. Breuer - Uni Freiburg - Germany

M. Paternostro - Uni Belfast - United Kingdom

B T S. Campbell - University College Dublin - Ireland
BN F Ciccarello, S. Lorenzo, G. Palma - Uni Palermo
== J. Piilo, K. Luoma - Uni Turku - Finland

wm D. Chruscinski - Uni Torun - Poland

8 S. Huelga -Uni Ulm - Germany
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Quantum guessing games with posterior information REP PROG PHYS
Correlations, Information Backflow, and Objectivity in a Class of Purr ENTROPY-SWITZ
Holevo skew divergence for the characterization of information baclk PHYS REV A
Eight-port homodyne detector: The effect of imperfections on quant PHYS REV A

Entropic and trace-distance-based measures of non-Markovianity  PHYS REV A

On the Use of Total State Decompositions for the Study of Reduced OPEN SYST INF DYN
Non-Markovian dynamics under time-translation symmetry PHYS REV RES

How to design quantum-jump trajectories via distinct master equati QUANTUM-AUSTRIA
Non-Perturbative Treatment of Open-System Multi-Time Expectatic OPEN SYST INF DYN
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