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

Free-fermion bath + Lindblad dissipators — system reaches bath temperature for

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

* Weak and generic system-bath coupling PRB 97, 134301 (2018)

* Weak dissipation rates
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Numerical simulations: sympathetic cooling works best in above limits
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Here: Spectacular failure in presence of symmetry — heating by cooling
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Generic case for single-qubit 7= 0 bath

Bath System
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Generic case for single-qubit 7= 0 bath

Bath System Steady state given by transitions
between system eigenstates due to Hgg
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Generic case for single-qubit 7= 0 bath

Bath
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Steady state given by transitions
between system eigenstates due to Hgg
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Heating from cooling — simplest case

Bath System
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Heating from cooling — simplest case

Bath System
bath spin is 1
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Heating from cooling — simplest case

Bath System
bath spin is 1
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Heating from cooling — simplest case

Bath System
bath spin is 1
|m*=S)
Y |m*=1)
Y l o S_X No resonance — §¢ . conserved

y P - A ~ X - [U(1) symmetry]
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Heating from cooling — simplest case

Bath System
bath spin is 1
——— | 7 = S>
Y |m*=1)
Y l o S_X No resonance — §¢ . conserved
y P - A ~ J - [U(1) symmetry]
|m* = 0)
eHgp
|
me = — 1) —> System heats to max energy!
€ Ky . (& vice versa)
m*=—S5) Also valid for nonuniform spacings

Shovan Dutta Global heating from local cooling



Heating from cooling — extended system

Same argument for generic system that preserves total $° (e.g. XXZ chain)
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Heating from cooling — extended system

Same argument for generic system that preserves total $° (e.g. XXZ chain)
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—> system heatsto | 1 7 ... T ) — which can be anywhere in the spectrum
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Heating from cooling — extended system

Same argument for generic system that preserves total $° (e.g. XXZ chain)
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—> system heatsto | 1 7 ... T ) — which can be anywhere in the spectrum

Effect of symmetry breaking: o 15 sites, J, =1, J, = 0.5, B, = -1
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Heating from cooling — infinite bath
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Heating from cooling — infinite bath

XY chain = free fermions Hg
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Heating from cooling — infinite bath

XY chain = free fermions Hg
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Bath spectrum for single-particle excitations: &(k) = —2Jcosk
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Heating from cooling — infinite bath

XY chain = free fermions Hg
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Bath spectrum for single-particle excitations: &(k) = —2Jcosk
U
Only particle excitations: eiSt

—> Heats to maximum S¢
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Heating from cooling — infinite bath

XY chain = free fermions Hg
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Bath spectrum for single-particle excitations: &(k) = —2Jcosk
U
U
Only particle excitations: 613’? Only hole excitations: 61§1‘
—> Heats to maximum §¢ —> Cools to minimum §¢
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Heating from cooling — infinite bath

XY chain = free fermions Hg
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Bath spectrum for single-particle excitations: &(k) = —2Jcosk
U
U
Only particle excitations: ﬂﬁf Only hole excitations: ¢,57 Both: &,57 + GIST
—> Heats to maximum §¢ —> Cools to minimum $* —> Intermediate state
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Free-fermion bath + N-level system

e(k) = —cosk
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Free-fermion bath + N-level system

e(k) = —cosk
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Free-fermion bath + N-level system

e(k) = —cosk
2,1
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Free-fermion bath + N-level system

e(k) = —cosk
9
ep(k) ~ — Z — cos(nk)  Fewer modes cool = more heating
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Preparing mid-spectrum nonclassical state

System |n) Bath spectrum
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Preparing mid-spectrum nonclassical state

System |n) Bath spectrum
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Preparing mid-spectrum nonclassical state

System |n) Bath spectrum
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Preparing mid-spectrum nonclassical state
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Summary

Thank you o)

* Breakdown of thermalization due to conserved “charge” related to energy

* Global heating by local cooling (& vice versa)

* N-photon Fock state & other non-thermal states
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Supplement: Symmetry breaking in ﬁs

A ~A+O— 4 A—Q+ 2
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s = X 155, + 013583, + 818),) - 555 -8 J=1.0,=05.8,=-1
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Supplement: Symmetry breaking in Hgg

HB - = 6-Z ﬁs — ASSZ ﬁSB = 8X§X+n 6—)’3‘)’

€KYy .
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