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

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

• Weak system-lead coupling

• Weak dissipation rates
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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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Resonant cooling for Ei − Ej = ΔL
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Heating by cooling — mechanism
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|E4⟩
|E5⟩

System

|EL
0 ⟩

|EL
1 ⟩

⋯ i.e. No exchange of energy

 either increases or 
decreases both  and 
ĤSL

ES EL

• Such coupling arises in simple, realizable systems!

Lead already in ground state

 Both move up in energy 
(before lead is cooled again)
⟹

+

 System heats to max energy⟹

• Stop cooling  temperature gradient remains due to total energy conservation⟹

  Shovan Dutta, RRI

• No heating without cooling  (i.e. no violation of 2nd law)
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Simplest case

System“Lead”

ĤL = − ΔL ̂σz ĤS = + ΔS
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̂Sz

↑

↓

⋯
⋯

|mz = 0⟩

|mz = 1⟩

|mz = S⟩

|mz = − 1⟩

|mz = − S⟩

ϵĤSL
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ĤL = − ΔL ̂σz ĤS = + ΔS
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Free-fermion lead  -level system+ N
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Analytic solution using detailed balance

Rmz→mz+1 ∝ γϵ2 ∫εL(k)>μL

dk sin2 k
(ΔS + |εL(k) − μL | )2 Rmz+1→mz ∝ γϵ2 ∫εL(k)<μL

dk sin2 k
(ΔS − |εL(k) − μL | )2
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Corollary 1:  Mid-spectrum nonclassical steady state
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Corollary 1:  Mid-spectrum nonclassical steady state
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Corollary 2:  Global cooling  subsector heating+
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Corollary 3:  Stable temperature gradient

ĤXXZ
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̂σ+ ̂σ+ ̂σ+ ̂σ+

Bz = 2 Bz = − 2
Jz = 1
J⊥ = 1
γ = 2

|ψ(t = 0)⟩ = | ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ⟩

βS

0 50 100 150 200 250

-0.5

0.0

0.5

tt
0 50 100 150 200 250

0

5

10

15

β lβL

St
op

 c
oo

lin
g

No energy exchange  temperature difference remains⟹
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Symmetry breaking in the coupling

ĤSL = ̂σ x ̂Sx + η ̂σy ̂SyĤL = − ̂σz ĤS = ΔS
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Symmetry breaking in the coupling

ĤSL = ̂σ x ̂Sx + η ̂σy ̂Sy
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Summary

9/10

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

• Realize in circuit/cavity QED,  Rydberg array,  cold atoms/ions…

• -photon Fock state & other non-thermal steady statesN

̂σ+ ̂S−
1 + ̂σ− ̂S+

1↑

↓

0 1 2 3 4 5 6 7 8 9 10
-1

0

1
0 1 2 3 4 5 6 7 8 9 10

-1

0

1

0.

0.2

0.4

0.6

0.8

1.0

pn

μL

n

heating cooling

  Shovan Dutta, RRI   Heating from cooling & vice versa

Thank you :)
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