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e Quantum thermalization

© Coupling of local quantum thermalized systems
© Incoherent resonant coupling

@ Incoherent resonant coupling: steady state

© Incoherent resonant coupling: heat flow

@ Summary
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Quantum thermalization

Quantum thermalization

TLS in heat bath 5 =1/kgT

& AL
A=wn, A=4"5 {3341=1
Thermalizer:
£p=T(3pa" — 1{Ap}) +Te™(5'pa— 1{1- 4, p})
Stationary state: e 1 84

= e
R
Current operator:

J=LH=-Twhi+Twe™ (1 - A)
Current vanishes in steady state:
J=Ti(Jpf) =0
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Coupling of local quantum thermalized systems
TLS A in hot bath 84, TLS B in cold bath 85 > 34
i
dt
Joint stationary state:

T A R dp A A
= —i[Ha, pa] + Lapa, % = —i[Heg, sl + Lsps

Pas = PalB
Coupling: Kag = e(4" b+ b 3)
dpas
dt
Levy-Kosloff arXiv:1402.3825:
@ This equation is incorrect, even for weak coupling
@ lts stationary state may violate 2nd Law
o Correct equation: joint thermalizer L4p instead of L4+ Lp

@ L,p is intricate: autonomy of A and B is lost
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Incoherent resonant coupling

My points:
@ Revive autonomy of A and B
@ It would persist for weak stochastic coupling
@ Let's smash coherence of coupling
@ ... and restrict to resonant coupling
Coupling: Kap = /e (£(6)8" b+ ()b 8)
£ = (wy + iwy)/+/2 with standard white-noises w1, w;
In resonance wy = wp: [KAB, A, + HB] =0

dPAB
dt

= —i[Ha+ A, pasl + (La+ Ls + LX) Pas

K « Mia A AT A pa A A Ao A
ﬁABp = € <(:)Jr prBb a-—+ ab PAB baT — %{I'IA—F nB—ZnA nB,pAB}>
Incoherent coupling LK preserves autonomy of A and B.
AB ‘
- — . 1 Apr 2014, Kibbutz Ma’agan, Israel 5/
(TS DI I (WIS @ TR SITE BT IS Il A u tonomy of coupled quantum thermodynam 8



Incoherent resonant coupling: steady state
Full master equation:

dpas
dt

=—iw[Aa+ fg, Pas]
+Ta(8paB 8™—1{fip, pag}) +Tae (&' pap 4-1{1— fa, pas})
+Te(bpae b'—1{ Ag, pag})+Tae (b pag b-2{1— g, pas})
+e(4" bpas b §+§BT0AAB ba" —1{fa+ fp—2hahg, Pas})

Take (for simplicity) T4 =Tg =T > ¢

AS :As'\s_f D2 ApB+[§A[§B+2§A+2bB
PaB = PAPE ™ T (21 e=Prw + e~ Pow)(1 + e—Pa)(1 + e—Pow)

D= wha_g—whs 7 DA:e*w/D’A fia_g—wBpfia , DB:e*wﬁB fig__g—whafip
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Incoherent resonant coupling: heat flow
Current operators:

Ja=LyHa=—Taha+Tae 41— fi)

Js =L g = —Tghg+ Mge P88(1— fig)
Currents in steady state: J5 = Tr( Jap5g) and Jg = Tr( Jgp5p)

Ja+Jz=0.
In our case:
B =Tr(Japsp) = cw(e@Pr — e=wP8)

I cancels from Ja in lowest order in ¢/T.
Heat flows from hot to cold baths, 2nd Law respected®.
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Summary

Summary

®

Autonomy of local Q-thermodynamic systems is lost for
coherent coupling

Autonomy of local Q-thermodynamic systems is preserved for
incoherent coupling

Resonant coupling seems also necessary for consistency
Heat flows from hot to cold

(4

Proof is given for weak incoherent resonant coupling in special
case [ =1Tpg
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