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OUTLINE

e Low dissipation regime
@ Optimisation of thermal machines

@ Applications: non-Markovian effects
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Quasistatics

Thermal bath T =1/
control on H (X(t))

operational time 7 — oo

2/13



Quasistatics
Thermal bath T =1/
control on H (X(t))

operational time 7 — oo
= p(t) = wg(H(1))

= e PHW® 1 7(1)

] 2/13



Quasistatics
Thermal bath T =1/
control on H(X(t))

operational time 7 — oo
= p(t) = wg(H(1))

= e PAW /1 7(¢)

Any X — Y is reversible

e oTer



Quasistatics
Thermal bath T =1/
control on H(X(t))

operational time 7 — oo
= p(t) = wg(H(1))

= e PAW /1 7(¢)

Any X — Y is reversible

AF = AW < AS = BAQ

2/13



Quasistatics
Thermal bath T =1/
control on H(X(t))

operational time 7 — oo
= p(t) = wg(H(1))

= e PAW /1 7(¢)

Any X — Y is reversible

AF = AW < AS = BAQ
UNIVERSAL...

e oTer



Quasistatics
Thermal bath T =1/
control on H(X(t))

operational time 7 — oo
= p(t) = wg(H(1))

= e PAW /1 7(¢)

Any X — Y is reversible

AF = AW < AS = BAQ
UNIVERSAL...
...but NO POWER!
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Low-dissipation regime AS;., o< 1/7
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Low-dissipation regime AS;., o< 1/7

by by

XY AS=0AQ+ — & AF =AW —-T—
T T
ASi'/"I‘ AVvdis

(T — Te)AS — T2t — To 22

P=

TC +TH
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Speed optimization (75, 7¢)
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O Carnot Eff.
A Maximum
i< Power Eff.
L low/high
power
region
Y.-H. Ma et al.
PRE 98, 042112 (2018)
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Symmetric case Xy = Yo =X

T = 7Y"MCarnot v<1

P(max) _ (AS)Q (TH - TC)Q"Y(l - ’7)
K 4% ATy + (1 —9)Th
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Symmetric case Xy = Yo =X
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Symmetric case Yy = Y = X

T = 7Y"MCarnot 7 < 1
AS)* (Ty — To)*y(1 — )
4% ATy + (1 —7)Ty

AS:/dS:/Sdt:—/dtTr[w[glnwg]

1 .
ws(X) = AS = / S\) - X dt
0

max (
p{ma) =

scalar product
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Recipe for 2?1

QD) o slow driving
Y. = thermodynamic length (X — Y)

0<t<1) @ linear response

@ discrete processes

1. .
> :/ Xm0 dt
0

quadratic form (m > 0)

1Scandi, Perarnau arXiv 1810.05583
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Infinitesimal cycles are optimal

P.Abiuso, M.Perarnau arXiv 1907.xxxxx

AS2 ( GV dt)
= . / §'m )§ dt < max [ETm_l(/\)E"]
X X)X dt
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Infinitesimal cycles are optimal

P.Abiuso, M.Perarnau arXiv 1907.xxxxx

AS2 < S B - X dt

fullfilled for  X(t) = lim._yo {X* + et mmLE0)

P

x+te
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Applications

optimal control for the performance of:
e independent N-Qubits array, Ising chain, XY model

@ systems near critical transitions
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Applications

optimal control for the performance of:
e independent N-Qubits array, Ising chain, XY model

@ systems near critical transitions

Qubit Carnot Cycle (H = @az)

Using slow-driving® technique

Pz ~ 0.11

(vVTu - vVTc)?
A

A(model) ~ 7y

%Cavina, Mari, Giovannetti - Phys.Rev.Lett. 119, 050601 (2017)
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non-Markovian setup

Ps

Phsc
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n-M model
psc = _i[Hs + Hc + ny psc] + Ds[psc] + Dc[psc]

non-Markovian bath

1
]
]
]
|
1
1
l E 1
C |
c/ |
\,‘ :
,"\ 1
S’ \\ :
\
. T '
1
E; C |
VAN !
AY
S ‘ |
\ 1
\ 1
]
|
]
1

Y= % # 0 — non-Markovian dynamics on S

] 10/13



the n-M coupling enhances the power output
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the n-M coupling enhances the power output
— but no free energy is pumped in the system from the baths (e.g.
efficiency is not boosted)
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Why faster thermalisation?

non-Markovian bath
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Why faster thermalisation?

non-Markovian bath
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Conclusions

o Low-dissipation regime allows simple optimisation
(speed, shape, working point)
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Conclusions

o Low-dissipation regime allows simple optimisation
(speed, shape, working point)

@ Best control: infinitesimal modulation

Remarks

General: any quantum system in the 1-d regime, any control

restrictions H(\(t)), any continuously controlled system with small
dissipations

@ Results on simple models and phase transition systems (to be
published)

@ Non-Markov mechanism for accelerated thermalisation
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THANK YOU!

P.Abiuso, M.Perarnau arXiv 1907 .xxxxx
P.Abiuso, V.Giovannetti PRA 99, 052106 (2019)
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