The 9th KIAS School and Workshop on

Quantum Information and Thermodynamics

Nov. 2 /5, 2025 | Co-op City Hotel Seongsan @ Jeju

Fluctuation-response inequality
for open quantum systems

*Hyun-Myung Chun, Euijoon Kwon, Hyunggyu Park, and Jae Sung Lee

&

h<%
KOREA VY & Y KOREA KOREA
INSTITUTE FOR Y N INSTITUTE FOR INSTITUTE FOR
ADVANCED AR W P RV/AY Y avancee 4 B V/A\' 9 ADpVANCED
STUDY /\\1 & STUDY STUDY

NNNNNNNNNNNNNNNNNNNNNNN

Reference: Physical Review Letters 135, 097101 (2025)




Table of Contents

* Background

* Fluctuation-Response Inequalities
for classical stochastic processes

* Fluctuation-Response Inequalities
for open quantum systems




Fluctuation-dissipation theorem

Near equilibrium,
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C = 2L : Fluctuation-Dissipation Theorem (FDT)



Fluctuation-response relations for NESS
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(FDT can be modified in a more general form)
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Thermodynamic bounds on response

Owen/Gingrich/Horowitz, PRX (2020)
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Kinetic and entropic perturbations

unigue steady state

Cizi =D, (szl’j‘ Wj,-p,-> =

J(i)
[1] kinetic perturbation [2] entropic perturbation
0 0 0 0 1 0 0
5. = Vigy, Yt Wisn- E_<sz - W; >
0B;; oW, oW;; oF; 2 oW, ow;;
Wi = Wi(1 +0) W, > W(1 + 68/2)
Wi = Wi(1 +0) W, > Wil — 5/2)
. aB,.j<®> e
1 . v 1
5 A e, 5 4O) (i B0
' ‘o @ o o I 1n
: LS. e : oF;;
: : d » dissipation :




Observables of interest
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Dynamic perturbation

kinetic entropic
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Fluctuation-response inequalities

multivariate Cramér-Rao bound
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Response uncertainty relations
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Response uncertainty relations
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Open quantum system

Lindblad master equation
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Quantum Fisher information

> Ry (DI @)1y 0,R () < Var(©@)}  where 1 4/(2) = = (9,05, In @[{s(r)};01>0
a.p

PL{s(D))e ] = tr (%GN"-%%%GIpSS> with 2, e = M, « M
k dependence on POVM
- jump unraveling

. . homodyne unravelin : - :
Lindblad equation | I y | 9 I(z) < Iy(7) : quantum Fisher info.
~ heterodyne unraveling

global
™~ arbitrary POVM sl @

1 - —
Dy(pg: Po+a0) = r 2 [1p(6)],;d0,d0; Dy(p,0) = 2[1 —+/F(p,0)] where F(p,0) = (tr{ NZN):
T L,J Bures distance fidelity

ly;0) = UtN_l---U,()ll//g) ® |init. env.) = Z MaN---Maolt//g) ® | measured env.)

ao,...aN



Quantum fluctuation-response inequality
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Any relation to dissipation?
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Any relation to dissipation?
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Summary

Classical systems Open quantum systems
FRIs
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Thank you for your attention!
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