
Quantum control of thermodynamic bounds
D. Gelbwaser-Klimovsky, G. Bensky, M. Kolar, N. Erez, R. Alicki & G.K.

Means: Q. control of steady-state & transient open-system dynamics.

KITP 13













are the source:



Steady stae under QND control



Polarization at

quasi steady-state

Coarse-graining of non-Markov ME 
(A.G. Kofman & G.K., PRL 2001,2004; G. Gordon, N.Erez & G.K. ,J. Phys B(2007))

Start at equilibrium: 

Polarization: 



Floquet (harmonic) expansion of steady-state rates

A.G. Kofman and

G.K., PRL 2001,2004

Same results for Floquet expansion of Markovian (Lindblad) ME

R. Alicki, D. Gelbwaser-Klimovsky & G.K, arXiv:1205.4552v1 [quant-ph]

http://lanl.arxiv.org/abs/1205.4552v1


Steady-state Thermodynamic Variables via 
Floquet

Heat flow:

1st law: power (work flow):



Spectral separation of C&H baths

Heat pump (QR) condition:



Minimal model of a universal heat 
machine  (spectral separation of baths)
D. Gelbwaser-Klimovsky, R. Alicki & G.K., PRE 87, 012140 (2013)

Engine (QHE) regime 



How much work can a quantum piston 

extract from a heat engine?
D. Gelbwaser-Klimovsky, R. Alicki & G.K.

If the piston (p) acts classically (parametrically) on S:

Alicki (1979)

W=0 if P+S is a quantized (time-indep.) complex?

Canonical steady-state balance (1st law):



Kelvin’s 2nd law violated

Work by passivity definition (Lenard (1978))

Passive-state energy (unitary minimization)

Effective temperature



Under Spohn’s law :

Passivity bound can transgress Carnot!

When?



Nonpassive state is negentropy source.

Coh. state



QHM refrigeration: Towards Absolute 
Zero?

M. Kolar, D. Gelbwaser-Klimovsky,  R. Alicki & G.K. PRL 109, 090601 (2012)

Challenging Nernst’s third law (1908)



Cooling rate scaling



Nernst’s unattainability principle challenged



PRL (2009); PRA (2012)













Sinusoidal freq. modulation:

Spectral separation by filtering




