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WI’)H entropg Procluction?

Non~equilibrium processes
dissipate energy. This Procﬂuces

irreversible increase of entropg

Entropg Procluction for estimating the Per‘formance
" of devices (exergg is reduced bg irreversibility)

Fantastic framework for Pinpointing

the quantum~to~c|assica| transition
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fintropg Procluction

Rudolf Clausius

l m[:)ortant ﬁgure ot merit for ol:)timisation of thermal machines

Role of quantum fluctuations in entropg Production



ff:ntropg Procluction

H, ® are not observable. No continuity equation for entropy
No unhcging thcorg of entropy Procluction, to date
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.f_ntropg Procluction

which entrop9 to use”?

0t,0 = —l[H,p] +D(IO)

Mo (8) = =0uSun(plpy) el

Donald, Breuer

dSy
For thermal bath: HUN(t) = SdtN | CIDUN(t)
Cdt

Rudolf Clausius

finergg ﬂux From sgstem to environment



:ntropg Procluction

which entropy to use”
d:p = —ilH, p] +D(p)
* Spohn, Lebowitz
H’UN(t) — _atS’UN([OLOt) Deffner & Lutz

Donald, Breuer

dS,,
For thermal bath: I1, n (t) = dtN - D, N (t)
[1(t), ®(t) divergeas T — 0 — dSUN | (I)E (t)
ealised |argc heat reservoirs dt I

Several atteml:)ts at fixi ng, it ...



:ntropg Procluction

which entrop9 to use”?

2(t)= i)l T[>

Nice Phgsical interpretation:
how tar IS the state ot the comPouncl

a factorised sgstem—-environment state”

However: it does not increase monotonica”g in time (signature

of recurrence?). Monotonicitg onlg for large environments

E‘sposito et al. NUP 12, 015013 (10); Pucdi et al. J Stat PO4005 (13)



Qur Proposal for

q~harmonic sgstems

S = — / d? o Wi(a)InW(a) E‘ntropg of the Wigner function

For Gaussian states: can be directl9 related to

- coincides with Renyi-2 > (e energy diference

entropg So (Q) — —In TI'Q2 J C Baez, arXiv 1182.2098 (2011)

- satisfies the strong sub-additivity inequa!itg _ " be used to construct

correlation measures Lo ( Qa,:b)

Adesso, Girolami, Serafini 2014)
~ 1Cor thermal states:

[1(t) = —0:S(W(t)[Weq)

> 0O (Gaussian states)
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J. Santos, G. Lancli, and M FPaternostro, Phgs Rev Lett 118, 220601 (2017)



W]ﬂg it makes sense
(t) = — / 20 D(W) In(W/Woo)

For a 5ingle harmonic oscillator in a thermal bath:

d(t)= - _|:Y1/2 ((aTa) — 7) Observable!

g %
w12 T

but No cll\/ergence at zero~tem[:>eratu re ol Clnie

J. Santos, G. Lancli, and M FPaternostro, Phgs Rev Lett 118, 220601 (2017)



For a squeczecl bath

Wy
Y ; _
d(t)= a'a) —n
ZKA%C o 4K|8|2 826—1'(2Apst+9) .
IT = 1AL sinh“(2r) + N A%p cosh(2r) + 4/<Re[ (kT A ]smh(2r).

J. Santos, G. Landi, and M FPaternostro, Phgs Rev Lett 118, 220601 (2017)



'f:ntropg Procluction:

open questions

Irreversibi Iitg
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ff:ntropg Procluction

12 open sgstems

For a single harmonic oscillator
in a thermal bath:

2N, + 1

I, = 2K, (

(d2)s + (P2 )s (d@5)s + (Bp)s
I, = 2k, ( Za als 1) 49 1
" ( ON, + 1 TR\ TN, + 1

‘.ixperimentang testable (and indeed tested!)

M Brunelli and MP, arXiv:1610.01172 (2016)



Entrop9 Procluction

& mesoscopics

OPtomechanics

Fixed mirror
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lntra»-cavitg atomic sgstems
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M Brunelli et al. arXivi1602.06958 (2016)



.’f:ntropg Procluction

& mesoscopics

lntra~cavit9 atomic systems

300¢
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M Brunelli et al. arXiv:1602.06958 (2016)



What makes this

framework quantum?
F(p) = Foq +TS(p||peq) Non—-equilibrium free energy

b (,0) > F eq E‘quilibration implies decrease of free energy

1 dF(p) .
p— > J— J—
11 T TR 0 II=01U p= peq
S(pllpeq) = S(pllpeq) + C(p)
clia gon al relative entropy of
entropg coherence

(Baumgratz, Cramer, Plenio)

G Francica, J Goold, and F Plastina, arXiv:1707.06950 (2017)
J Santos, | Celeri, G T Landi, and M Paternostro, arXiv:1707.08946 (2017)



What makes this

Framework quantum?

[ nterpretation to the mismatch

H — /Hd _I_ T\ between entropy Procluction In
—%S(Z?HPeq) (,0) quantum and classical settmgs

dt

dt

entrop9 flux has no contribution arising

T Environment 1Crom quantum COl’"lCF@ﬂCCS

G Francica, J Goold, and F Plastina, arXiv:1707.06950 (2017)
J Santos, | Celeri, G T Landi, and M Paternostro, arXiv:1707.08946 (2017)



Cha ngi ng Persl:)ective
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J Santos, A de Paula, R Drumoncl) G. T. Lancli, and M Paternostro
arXiv:1804-.02970 (2018) —To Appear in PRA as a Ral:)icl Communication
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