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(Bosonic) cold bath

controlled system-bath

interactions

external

drive

(Bosonic) hot bath

quantum 
“working 

substance”

(e.g. single spin)
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ĤS(t)

Quantum thermal machines
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ĤI(t)

Heat: change of baths mean 
energies


Work: change of total mean 
energy due to  

external time-dependence



Quantum thermal machines

• Many challenges to study QTM going beyond 

standard idealised scenarios: 

• Strong system-bath coupling: non-Markovian 

dynamics & nonperturbative simulation 

techniques  

• Finite-time evolution (non-adiabaticity) 



Bosonic bath = 
thermal sample

probe-sample

interaction

quantum 
probe


(e.g. single 
spin)

Invasiveness of quantum thermometry

The probing is invasive!  
Bosonic bath increases mean 

energy: absorbed heat

Measurement 

on the probe 
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⇢B(0) = Z�1e�HE/kT

outcomes 
statistics

estimate 
of T
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ĤI



Case study: pure-dephasing thermometry

• Interaction preserves energy of the probe, but 

not of the sample 

• Dissipated heat = external work to couple and 

decouple probe and sample



accuracy 

of temperature 

estimation 

(for various T)

absorbed heat

(indep of T)

Dynamics of relevant figures of merit

Inevitable tradeoff at short times 
-> study of optimal schemes

Albarelli, Paris, Vacchini, Smirne, arXiv:230503436



Complex and structured environments

• Memory effects: non-Markovian dynamics 

• Strong coupling: nonperturbative approaches     

are needed

Thermal machines,

Quantum biological systems,

Solid-state systems (eg NV 

centers), ….



Exact mapping to an auxiliary configuration

• Non-Markovian 
features detected


• Linear (instead of 
quadratic) scaling 

of CPU time vs 
simulation time

2D electronic spectrum of a dimeric complex

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