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Open Quantum Systems

\ / From unitary dynamics to \

CPT-MAPS (Quantum channels)

Hsg = Hs + Hg + H;

pse(t) = Usepse(0)Udg

To describe the exact dynamics of the total system SE is a big issue
ps(t) = Tre {pse(t)} = Po—t[ps(0)]

Applications of the techniques in

- quantum optics and condensed matter physics
- quantum measurement theory
- quantum information science

- quantum thermodvnamics - Completely positive (positive probabilities)
= quantum biolo Y - Trace preserving (normalization)
. ’ = - Linear map

Master equations: only the Hilbert space of S matters

CPT-map




Open quantum
systems

Theory of
T Quantum Markovian master
Eri‘;h”_‘;? e nano-technology equations
superconductors:
Electronic Raman
scattering
Other Secular
PRB 98, 121104(R) (20#5) approaches approximation
Open Quantlfm. bath Local ME Positivity-preserving Global ME
quantum statistics Redfield eq. )
batteries tagging (Partial Secular)
arXiv:1907.04704, PRA 100, 912107 (2019)/’/

PRB 99, 035421 (2019 :
’ ( ) accepted in PRA ;
PRB 98, 205423 (2018) ;
Test using an exactly solvable model

In preparation



Local vs Global debate
for multipartite systems

Exact dynamics

Global ME
Local ME
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Local ME for the chargling of open quantum batteries

D. Farina, G.M. Andolina, A. Mari, M. Polini, V. Giovannetti, Physical Review B 99 (3), 035421 (2019),
Charger-mediated energy transfer for quantum batteries: An open-system approach.

G.M. Andolina, D. Farina, A. Mari, V. Pellegrini, V. Giovannetti, M. Polini, Physical Review B 98 (20),
205423 (2018), Charger-mediated energy transfer in exactly solvable models for quantum batteries.

A. E. Allahverdyan et al.,
Europhys. Lett. 67, 565 (2004).

gB(T) = Inaxgy [U“B(HBPB(T)) — trp (HBU,OB(T)UT)] (work extraction)

qubit-qubit model,

Oscillator-oscillator model,
steady state ergotropy

energetic decoupling

Oscillator-qubit model,
fast charging
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Aroundl the global Limit: coarse-grained rRedfield equation

After Born and Markov approximations

_ PSA
Redfield non-CP cp Secular
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D. Farina and V. Giovannetti, Phys. Rev. A 100, 012107 (2019)

+* Recover complete positivity of the Redfield equation via a coarse-grain averaging technique.

** We derive general bounds for the coarse graining timescale above which the positivity of the Redfield equation is

guaranteed.

** Impact on the Lamb shift term, implies non-commutation between dissipative and the Hamiltonian components

+»» Application to two-level system or a quantum harmonic oscillator coupled to a fermionic or bosonic thermal bath via

dipole-like interaction.
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Test using an exactly solvable model (in preparation)

% Local

. . % Global (Secular)
% Exact dynamics vs —

% Coarse grained Redfield (Partial Secular)

Convex combination between Local and Global
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uantuwm bath statistics tagging

r

@ U|
t - O 50

= \.

o
t>0 )

~

D. Farina, V. Cavina, V. Giovannetti,
arXiv:1907.04704,
accepted in PRA
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effective thermalization rates

ng = Np(B)/Nr(B)

Bosonic/Fermionic master equation

Qubit probe

1
p(0) = =ilH, pO)+ YN, () )7 = 5 (o pt0)]

1
+y[1+ sqNg B)] (O'_p(l‘)0'+ ) {oyo, p(l‘)})

N, (B) 1

sp =1, sp=-1

q €1{b, f}

Harmonic oscillator probe
p(t) = =i[H, p(0)] +y[1 + 54 Ny (B)l(ap(t)a” - 5{a’a, p(t)})

+yNg(B)a'p(t)a - 5{aa’, p(t)})

D. Farina and V. Giovannetti, Phys. Rev. A 100, 012107 (2019)
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