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SUMMARY

l. Thermodynamic uncertainty
relations (TURSs)

. TURS and Zubarev Ensemble.

lll. TURs and fluctuation
theorems.

IV. Applications to quantum heat
engines.
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TURSs - Thermodynamics of Precision

* Implications for quantum
heat engines:
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* Implications for quantum
heat engines:
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* Regime of validity?

* Oirigin? Beyond Fluctuation
theorems!?
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TURSs - Thermodynamics of Precision

* Implications for quantum
heat engines:

T
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arXiv 1705.05817

var(P) > 2Ty (P)

* Regime of validity?

* Oirigin? Beyond Fluctuation
theorems!?

e Quantum coherent effects?

A. C. Barato, U. Seifert,“Thermodynamic Uncertainty Relation for Biomolecular Processes”,
Physical Review Letters, 1 14, 158101 (2015)
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Total Hamiltonian: 7:[ — 7:[0 — ﬁint 7:[0 = 7:[0 + 7:[3 + 7:[L

7:lint = VLC + VRC

Initial factorized condition: pg = Zgle_ﬁL (H—peNw) ® po X Z}gle_ﬂR(HR_“RNR)
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TUR stems from the geometry of quantum states
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TUR stems from the geometry of quantum states
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e Fisher Information metric.

e Quantum Cramer-Rao bound.



TUR stems from the geometry of quantum states
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e Fisher Information metric.

e Quantum Cramer-Rao bound.

G. Guarnieri, G.T. Landi, S. R. Clark, J. Goold, “Thermodynamics of precision in quantum non
equilibrium steady states”, arXiv 1902.10428
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TURs from Fluctuation Theorems

Jarzynski-Wojcik Fluctuation Theorem
(Phys. Rev. Lett. 92, 230602 (2004)
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Stronger than regular FTs since there is only the
forward distribution.
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TURs from Fluctuation Theorems

1 Jarzynski-Wojcik Fluctuation Theorem
(Phys. Rev. Lett. 92, 230602 (2004)

SR
P(_Q)—eﬁg e

Stronger than regular FTs since there is only the
forward distribution.

Can be generalized to an arbitrary number of systems
and an arbitrary number of currents:

P(Ql,...,Qn) :e;AiQi
P(_Qla it _Qn)
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v TUR for the currents:

var(Q;)
(Qi)?

v/ This is the tighest (saturable) bound
possible for this scenario.

Rl

L, v/  TUR for the covariance matrix:

| C— f({(X))aq” >0

(Sl cont ARG q=((Q1),---,(2n))

v/ Conditions on the signs of the covariances:

q; 1 ’

sign cov(Q;, Qj) = SIgN ¢;q;

var(Q;) | var(Q;) © F(Z)
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SWAP engine
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SWAP engine
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var(Qn) N\
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A.M.Timpanaro, G. Guarnieri, J. Goold, G, T. Landi “Thermodynamic uncertainty relations from
exchange fluctuation theorems”, arXiv 1904.07574
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CONCLUSIONS

* TURSs: simple but with enormous predictive power.

* A loose TURs exists solely as a consequence of the geometry of non-
equilibrium steady-states.

* A dynamical TUR can be derived as a consequence of Fluctuation
Theorems.
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