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Collective advantages in thermodynamics
The outcome of a task is improved when performed globally on a 

collection of systems than when realized on each system individually. 
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Sublinear dissipation?
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General definitions
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General framework for geometric thermo
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General framework for geometric thermo
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Geometric thermodynamics

Ĥ(t) = λk(t)X̂k

Wdiss = kBT∫
τ

0
dt ·λi(t) ·λj(t) gij



Thermodynamic length
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L[λ] = ∫
τ

0
dt ·λi(t) ·λj(t) gij

•  Quantum 3, 197  
• Phys. Rev. Lett. 51, 1127 
• Phys. Rev. Lett. 99, 100602 
• …

βWdiss ≥
1
τ
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Thermodynamic length
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L[λ] = ∫
τ

0
dt ·λi(t) ·λj(t) gij

•  Quantum 3, 197  
• Phys. Rev. Lett. 51, 1127 
• Phys. Rev. Lett. 99, 100602 
• …

βWdiss ≥
1
τ

L2 ··λi + Γi
jk

·λj ·λk = 0

Γi
jk =

1
2

gil (∂kgjl + ∂jgkl − ∂lgjk)



Computing the metric and minimal dissipation
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Single relaxation timescale gij = τeq
∂2 ln Z
∂λi∂λ j
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Framework

Ĥ(t) = Ĥ0(t) + ̂V(t)

̂V(0) = ̂V(τ) = 0
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Fundamental limit
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Fundamental limit
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Geodesics are great circles min
λ

βWdiss ≤
π2

τ

Ĥ(t) = − 2 log[sin( L(τ − t)
τ ) ̂ρth(0) + sin( Lt

τ ) ̂ρth(τ)]
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Geodesics are great circles min
λ

βWdiss ≤
π2

τ

Ĥ(t) = − 2 log[sin( L(τ − t)
τ ) ̂ρth(0) + sin( Lt

τ ) ̂ρth(τ)]
Every order of interaction is needed



Collective bit reset
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Collective bit reset
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More realistic control
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Restrict to two-body interaction with few control parameters
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Erasure on a all-to-all model
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Erasure on a all-to-all model
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Erasure on the star model
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Erasure on the pyramid model (short range)
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Conclusion

Purely thermodynamic collective advantage

Sub-linear scaling with two-body “realistic” interaction
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Geometric interpretation of hamiltonian constraints
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