Coherence Generation, Irreversible
Entropy production and non-Adiabaticity
in Quantum Processes
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Outline:

1. Work production and irreversibility: Irreversible work

1.1 Irreversibility due to Coherence generation

2. Non-Adiabaticity and irreversibility: Inner friction

2.1 Non-Adiabatic generation of quantum Coherence

3. Conclusions:

The role of coherence in Quantum Thermodynamics



Motivating example: single qubit Otto engine
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Quantum Otto cycle with inner friction: finite-time and disorder
effects
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Work production and
Irreversibility
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Setting the stage: Thermodynamic transformation I

Work parameter \(7) : AMt=0)=X\ > A7) = A¢
Closed quantum system :

the Hamiltonian H [\(t)]| generates the evolution /(7. 0)

Initial (equilibrium ) state

|
|
|
|
pi = E,'jj"(F"_H‘) |
|

A, A Y

pr = UroNpiUl oA

>

final state

{,OT = U(r,0)p;UT(r, O)J




Work and Jarzynski relation I

Probability density for the work done on the system:

g N
N

with PO = z=1e=Fel and P, = )< W) | U(7,0) |
N /

Fluctuation relation A 4

< B w> o —BiAF

where  AF = F[\¢, O] — F[\i, i
\_ %




Irreversible Work I

<E_5iw> = e Pial (Wirr) = (w) = AF >0

The irreversible work quantifies the irreversibility
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Irreversible Work I

<€_'Biw> = e Pial (Wirr) = (w) = AF >0

The irreversible work quantifies the irreversibility

quantum relative entropy

(Sirr) = Bi{wWirr) = D(p-||pB)

AN

e I :

S. Deffner and E. Lutz, PRL10

2
Il

Hypothetical final state @ B:
pp = e 811 /7(B)




(entropic) Quantification of Coherence I

definition

Incoherent states
(in a given basis)

C(p ) =minse; D(p [|o)



(entropic) Quantification of Coherence I

definition
Incoherent states C(p ) =min,e;r D(p ||o)
(in a given basis)

minimization

C(p )= D(p [[Alp ]) = S(Alp.]) = S(p)

A. Streltsov, G. Adesso, M. Plenio,
In the thermodynamic context, the “preferred” basis is obvious ! ArXiv 2016

Generated Coherence : C(Pr) — D(PTHA[QTD — S(A[PTD _ S(P?‘,)



Irreversible work and coherence generation

pr = UroNpiUL [N




Irreversible work and coherence generation

Pr = U,—.U[)\]P-éU:_D[)‘]

Bi(wirr) = C(pr) + D(Alp-]||pB)

oy = AP In fact, the decomposition holds
pp = e H) at any intermediate time t.



Irreversible work and coherence generation

pr = UroNpilJ oA

Bi (uf-z'.r‘-r'> = (‘(p?') + D(A[.OT]HPB)

In fact, the decomposition holds
at any intermediate time t.

,0:‘ — 61‘_3,-(P5—H;)

Three fluctuation theorems:

Fluctuation relations

Stochastic variables averages
Snm = .Sz'[(em(’r) - En-(oj) - (FB - Fl)] 3
Prnm = ]n.-omm(T) —1In PB,mm ; (S} = <S-i-r-r)g (‘p) = D(AT[_,OT]H,OB) , (C) = C(p.r) <E—S> — <€—C> — (E_—j’]> — 1

Cnm = Snm — Pnm = In :Onn(o) —In Pmm (T}

P(a) =" pun(0)Pacsm () (a—am) . for a = s,p,c, (s) = (p) +{¢)

7,1




Example 1: spin % in a rotating magnetic field

N ample
He sampl HY = 2mhu(t)[6$ cos ¢ (t) + o sin ()]
T=100 m ,,);:;/’S?Tz‘)\\r ) T =700 ps fv’.(j//gé\\:\ Exp eriment:
pr N T. B. Batalhao et al.,
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Example 2: kicked rotor

model evolution
H(t)=Ho+V(0)) ,cpd(t—nT) [T — e—iHoT ,—iV ()
~ 2 . ~ . | -
Hy = % with P = —Z@g, and 6 E[O, 271') 0r = UT)O(]UTT rnfglcjg:
V(6) = kcos(0)
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Adiabatic Transformation and non-adiabaticity I

Define the adiabatic state A by the relation: p4 = [J,p UL () Uy = lim,_ U T,O[M

(entropic) non-adiabaticity parameter: A = D ( Pr ‘ ‘ P A)

A Adiabatic Work (hypothetical final state @ A)

(wiya) =Us —U; =Y P =)
T

Inner friction

Uhitary transformar L (Werie) = (w) — (wisa) = EN D(pr||pa)
T oA




Non-adiabaticity and coherence generation I

pr = UroNpiUJ 5[N]

A= C(IOT) + D(AT[/OT]H/OA)

For slow (but yet non-adiabatic) processes,
Coherence generation is the dominant contribution
to non-adiabaticity :

A=C(p)+0 ()

T



Summary:

1. Non-equilibrium thermodynamics
irreversibility due to coherence generation

Pr = Ur."[’\]pin‘D[’\]

A
Bi{wirr) = C(pr) + D(Ap-]l|pB)
/
4 L
pi = ePmH) Py :{f,(h‘B—Hf)
2. Non-adiabaticity
inner friction
A N Bi(Wipr) ==
15 7\ 7 T //’4"'
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