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Unveiling non-equilibrium thermodynamics via statistical estimation theory
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Recently, it was discovered that a universal inequality called the
thermodynamic uncertainty relation holds in stochastic thermodynamics. This inequality is an
inequality between "cost™ and "quality," indicating that high cost is necessary for high quality.
There are many such trade-off relations in statistical estimation theory, including the Cramer-Rao
inequality. In this study, we focus on the similarity between the inequalities in nonequilibrium
thermodynamics and statistical estimation, and clarify the equations in nonequilibrium systems from
the viewpoint of statistical estimation. By using classical and quantum estimation theory, we
derived new thermodynamic uncertainty relations i1n classical and quantum systems.



(stochastic thermodynamics)

fluctuation theorem

Maxwell Loschmidt
| m
PUES oo SoOhsvoO
IRRE TEREEDER  IFHERRBRERTIREZEIL
BNFE RER HERZTH
2016 . AR AS >0 As £ 0,(As) >0
thermodynamic (AslgTrOE—) (aslFTOE—)
uncertainty relation
cost R BNFEERBAFOHER
quality
quality cost cost
quality = / 2
[ 1 2/ ]
cost quality quality
cost

Cramér-Rao || CramérRaoA®R | BN¥AREREE

Fisher
ER Var[é] > % VE}TZ[]] > Aiz
Cramér-Rao PUE HEE 6 Va1
Quality HEEONE Var[d] AL VEOEENMRE cv[/]
Cramér-Rao Cost T1vIv—IERE 1(9) IToMOE—4%R AY

(TRILF-)
5R2 :Cramér-RaoNER & B NFEFFEE MR R

1.
2.
1 Cramér-Rao
Fisher
1 Cramér-Rao
2
1. Cramér-Rao
Fisher
2. 1 Fisher Fisher
3.



(1) 2019
2019 Cramer-Rao

Review E

Review E,Physical Review Research

Physical Review Letters
Physical Review E

2019
Fokker-Planck

(2)2020

Physical Review Letters

(3) 2021

Fisher
Physical
Underdamped
Physical

Physical Review E

Physical Review E
Physica A



19 19 0

Van Vu Tan Hasegawa Yoshihiko 3

Toward relaxation asymmetry: Heating is faster than cooling 2021

Physical Review Research 43160
DOI

10.1103/PhysRevResearch.3.043160

Hasegawa Yoshihiko 127

Irreversibility, Loschmidt Echo, and Thermodynamic Uncertainty Relation 2021

Physical Review Letters 240602
DOI

10.1103/PhysRevLett.127.240602

Van Vu Tan Hasegawa Yoshihiko 127

Lower Bound on Irreversibility in Thermal Relaxation of Open Quantum Systems 2021

Physical Review Letters 190601
DOI

10.1103/PhysRevLett.127.190601

Tran Quoc Hoan Chen Mark Hasegawa Yoshihiko 103

Topological persistence machine of phase transitions 2021

Physical Review E 52127

DOl
10.1103/PhysReVvE.103.052127




Itabashi Kazuha Tran Quoc Hoan Hasegawa Yoshihiko 103

Evaluating the phase dynamics of coupled oscillators via time-variant topological features 2021

Physical Review E 32207
DOI

10.1103/PhysRevE.103.032207

Hasegawa Yoshihiko 126

Thermodynamic Uncertainty Relation for General Open Quantum Systems 2021

Physical Review Letters 10602
DOI

10.1103/PhysRevLett.126.010602

Van Vu Tan Hasegawa Yoshihiko 126

Geometrical Bounds of the Irreversibility in Markovian Systems 2021

Physical Review Letters 10601
DOI

10.1103/PhysRevLett.126.010601

Vo Van Tuan Van Vu Tan Hasegawa Yoshihiko 102

Unified approach to classical speed limit and thermodynamic uncertainty relation 2020

Physical Review E 62132

DOl
10.1103/PhysReVvE.102.062132




Hasegawa Yoshihiko 125

Quantum Thermodynamic Uncertainty Relation for Continuous Measurement 2020

Physical Review Letters 50601
DOI

10.1103/PhysRevLett.125.050601

Van Vu Tan Vo Van Tuan Hasegawa Yoshihiko 101

Entropy production estimation with optimal current 2020

Physical Review E 42138
DOI

10.1103/PhysRevE.101.042138

Tan Van Vu, Yoshihiko Hasegawa 53

Uncertainty Relation Under Information Measurement and Feedback Control 2020

Journal of Physics A: Mathematical and Theoretical 75001
DOI

10.1088/1751-8121/ab64a4

Tan Van Vu, Yoshihiko Hasegawa 2

Thermodynamic Uncertainty Relations Under Arbitrary Control Protocols 2020

Physical Review Research 13060

DOl
10.1103/PhysRevResearch.2.013060




Hiroshi Kera, Yoshihiko Hasegawa 7

Spurious Vanishing Problem in Approximate Vanishing ldeal 2019

IEEE Access 178961
DOl

10.1109/ACCESS.2019.2958648

Tan Van Vu, Yoshihiko Hasegawa 100

Uncertainty Relations for Underdamped Langevin Dynamics 2019

Physical Review E 32130
DOl

10.1103/PhysRevE.100.032130

Quoc Hoan Tran, Van Tuan Vo, Yoshihiko Hasegawa 100

Scale-variant Topological Information for Characterizing Complex Networks 2019

Physical Review E 32308
DOl

10.1103/PhysRevE.100.032308

Xingyan Chu, Yoshihiko Hasegawa 535

Augmented Variational Superposed Gaussian Approximation for Fokker-Planck Equations with 2019

Rational Polynomial Functions

Physica A 122511
DOl

10.1016/j .physa.2019.122511




Yoshihiko Hasegawa, Tan Van Vu 123

Fluctuation Theorem Uncertainty Relation 2019

Physical Review Letters 110602
DOI

10.1103/PhysRevLett.123.110602

Tan Van Vu, Yoshihiko Hasegawa 100

Uncertainty Relations for Time-delayed Langevin Systems 2019

Physical Review E 12134
DOI

10.1103/PhysRevE.100.012134

Yoshihiko Hasegawa, Tan Van Vu 99

Uncertainty Relations in Stochastic Processes: An Information Inequality Approach 2019

Physical Review E 62126

DOl
10.1103/PhysReVvE.99.062126

1SAAQ:

2022




Van Tuan Vo, Tan Van Vu, Yoshihiko Hasegawa

Unified Approach to Classical Speed Limit and Thermodynamic Uncertainty Relation

The Workshop on Stochastic Thermodynamics 11

2021

Van Vu Tan

2021

Tan Van Vu, Yoshihiko Hasegawa

Generalized Uncertainty Relations for Semi-Markov Processes

10th International Conference on Applied Physics and Mathematics

2020

Hiroshi Kera, Yoshihiko Hasegawa

Gradient Boosts the Approximate Vanishing ldeal

Thirty-Fourth AAAl Conference on Artificial Intelligence

2020




Quoc Hoan Tran, Van Tuan Vo, Yoshihiko Hasegawa

Scale-variant Topological Portraits of Complex Networks

NetSci-X 2020: International School and Conference on Network Science

2019

Quoc Hoan Tran, Yoshihiko Hasegawa

Topological Time-series Analysis with Delay-Variant Embedding

Conference on Complex Systems 2019

2019

https://ww.hasegawa-lab.net/







