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‘ ‘ ‘ ‘ ‘ Q: What happens to the system?

Free-fermion lead 4+ Markovian (Lindblad) dissipation — system reaches lead temperature for

* Infinite lead w/ bandwidth larger than system Reichental, Klempner, Kafri, Podolsky,

* Weak system-lead coupling PRB 97, 134301 (2018)

* Weak dissipation rates
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Free-fermion lead 4+ Markovian (Lindblad) dissipation — system reaches lead temperature for

* Infinite lead w/ bandwidth larger than system Reichental, Klempner, Kafri, Podolsky,

* Weak system-lead coupling PRB 97, 134301 (2018)

* Weak dissipation rates

Finite-size simulations: approximate sympathetic cooling + works best in above limits

Raghunandan, Wolf, Ospelkaus, Schmidt,VWeimer, Sci.Adv. 6, eaaw9268 (2020)
Zanoci, Yoo, Swingle, PRB 108,035156 (2023)

Tupkary, Dhar, Kulkarni, Purkayastha, PRA 107,062216 (2023)

Palmero, Xu, Guo, Poletti, PRE 100,022111 (2019)
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‘ ‘ ‘ ‘ ‘ Q: What happens to the system?

Free-fermion lead 4+ Markovian (Lindblad) dissipation — system reaches lead temperature for

* Infinite lead w/ bandwidth larger than system Reichental, Klempner, Kafri, Podolsky,

* Weak system-lead coupling PRB 97, 134301 (2018)

* Weak dissipation rates

Finite-size simulations: approximate sympathetic cooling + works best in above limits

Raghunandan, Wolf, Ospelkaus, Schmidt,VWeimer, Sci.Adv. 6, eaaw9268 (2020)
Zanoci, Yoo, Swingle, PRB 108,035156 (2023)

Tupkary, Dhar, Kulkarni, Purkayastha, PRA 107,062216 (2023)

Palmero, Xu, Guo, Poletti, PRE 100,022111 (2019)

Here: Spectacular failure in presence of symmetry — heating by cooling
(Even in the above ideal limits)
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Why we expect sympathetic cooling
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Why we expect sympathetic cooling

“Lead” System Steady state given by transitions
between system eigenstates due to Hg

:?; Perturbed eigenstates of H,, :
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Why we expect sympathetic cooling

“Lead” System Steady state given by transitions
between system eigenstates due to Hg
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Resonant cooling for E; — E; = A
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Heating by cooling — mechanism

“Lead” System Hg, either increases or
decreases both £ and E;

| Es) i.e. No exchange of energy
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Heating by cooling — mechanism

“Lead” System Hg, either increases or
decreases both £ and E;

|ES) i.e. No exchange of energy
| Ey)
T | E5) T
Lead already in ground state
| E>)
<+
ED) A eHy —> Both move up in energy
|E,) (before lead is cooled again)
| Eg)
| Eo) —> System heats to max energy

* No heating without cooling (i.e. no violation of 2nd law)
 Stop cooling = temperature gradient remains due to total energy conservation

* Such coupling arises in simple, realizable systems!
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Simplest case
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“Lead” System
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|m? = ) lead spin is 1
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Simplest case

“Lead” System
ﬂL - — AL6Z ﬁs = 4+ Asr§Z PISL =%_ + 6_§+
|m? = ) lead spin is 1
~ |m*=1)
R —> System heats to max energy!
i St
6_ H |]f}/lZ = O>
eH
—— | o Also for nonuniform spacing
mt=—1)
mt=-3)

1) £, decreases w/ 6%, (2) E¢ increases w/ 5%, (3) Coupling conserves 6° + 5%
L S pling
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Simplest case
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1) £, decreases w/ 6%, (2) E¢ increases w/ 5%, (3) Coupling conserves 6° + 5%
L S pling
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Where does the energy come from??
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Where does the energy come from??
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Where does the energy come from??
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Where does the energy come from??

asa JEDIFEITD)
e C

|~LT> |ll> AL_AS

cool 2

project Ag— A

| T1) 2
Caeeay o l1bL ]
SO A -1 I

Energy comes from the measurement device
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Finite temperature
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Finite temperature

“Lead” System
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Finite temperature

“Lead” System
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Extended system

Same argument for generic system that preserves total $° (e.g. XXZ chain)

N2 1 2 3 4 5
P 009

0\ 67ST+67S8T

L e @ ® ® @ ®

H XXZ
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Extended system

Same argument for generic system that preserves total $° (e.g. XXZ chain)

N2 1 2 3 4 5
P 009

0\ 67ST+67S8T
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H XXZ

Not localized — excitation at site 1 is carried away into the bulk

—> System heats to | T 17 ... T ) — which can be anywhere in the spectrum
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Extended system

Same argument for generic system that preserves total $° (e.g. XXZ chain)

N2 1 2 3 4 5
Al e @ @O

0 67ST+67S8T

L it e ® ® @ ®

Hyxz
Not localized — excitation at site 1 is carried away into the bulk

—> System heats to | T 17 ... T ) — which can be anywhere in the spectrum
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symmetry breaking
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Infinite lead + generic system

XY chain = free fermions ST Eg1
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XY chain = free fermions ST Eg1
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Lead spectrum for single-particle excitations: & (k) = —2Jcosk
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Infinite lead + generic system

XY chain = free fermions ST Eg1
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Infinite lead + generic system

XY chain = free fermions

Gecnrn@ee

T °
8 7 6 5 4

vy Yy ob oy

-«

Lead spectrum for single-particle excitations: & (k) = —2Jcosk
HL
\\//IML
HL
Only particle excitations: ﬂﬁf Only hole excitations: ¢,57 Both: ¢,57 + éjﬁf
—> Heats to maximum $*° —> Cools to minimum §* —> Intermediate state
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Free-fermion lead 4+ N-level system
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g (k) = —cosk

HL

Analytic solution using detailed balance
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Free-fermion lead 4+ N-level system
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Analytic solution using detailed balance
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Free-fermion lead 4+ N-level system
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Analytic solution using detailed balance
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Corollary |: Mid-spectrum nonclassical steady state

System |n) Lead spectrum
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Corollary |: Mid-spectrum nonclassical steady state

System |n) Lead spectrum

______ <0.2
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0.21 T l Steady-state occupations
4)
-0.8f
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12) O 0.6
HL heating - cooling 04
'L 0.2
|
10) A0k e,

0123456 78 910

n
“Nonlinear cavity”
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Corollary |: Mid-spectrum nonclassical steady state

“Nonlinear cavity”
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Corollary 2: Global cooling 4+ subsector heating

XY chain = free fermions ﬁXXZ
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Corollary 2: Global cooling 4+ subsector heating

XY chain = free fermions Hx~s
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Corollary 2: Global cooling 4+ subsector heating

XY chain = free fermions Hx~s
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Corollary 2: Global cooling 4+ subsector heating

XY chain = free fermions
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Corollary 2: Global cooling 4+ subsector heating

XY chain = free fermions Hx~s
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Corollary 3: Stable temperature gradient
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No energy exchange =—> temperature difference remains
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Symmetry breaking in the coupling

'

H =-6° Hy = AS? Hy =68+ 68

Shovan Dutta, RRI Heating from cooling & vice versa



Symmetry breaking in the coupling
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Symmetry breaking in the coupling

'

H =-6° Hy = AS? Hy =68+ 68

resonance
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Summary

* “Anti-thermalization” due to conserved quantum number related to energy

Thank you o)

* N-photon Fock state & other non-thermal steady states

* Realize in circuit/cavity QED, Rydberg array, cold atoms/ions...
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https://arxiv.org/abs/2412.07630

