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Abstract

This thesis explores two specific problems within the broad context of
one-shot information theory.

In the first part of this thesis, we investigate Bayesian and minimax esti-
mators for quantum state estimation under general Bregman divergences
with single-shot measurements. We also study the problem of covariant
state estimation and obtain optimal measurements for the same.

In the second part, we study work extraction processes mediated by finite-
time interactions with an ambient bath—partial thermalizations—as con-
tinuous time Markov processes for two-level systems. We analyze the
distribution of work for the case where the energy gap of a two-level sys-
tem is driven at a constant rate. We also analyse work extraction cycles
by modifying the Carnot cycle, incorporating processes involving partial
thermalizations.



iv

Acknowledgements

I will be, forever, indebted to Marco for his patience and time in helping
me get so far. His democratic approach towards research and his readi-
ness to discuss conceptual issues have made these past years sufferable.
His encouragement when it came to doing things differently and his ever-
timely feedback have enabled me to pursue things my own way. He has
tolerated my digressions, sometimes with great enthusiasm, and which I
have deeply enjoyed.

None of this would have been possible without Chris, who agreed to fund
my PhD, and has been a pillar of great help and support throughout these
years. His kindness, empathetic attitude, and a disposition to listen with
care made life in Sydney bearable. His silent support is something that I
will always cherish.

I would like to thank Kamil for his time and willingness to share his
research ideas with me and for teaching me the shrewd skill that is to
publish papers.

I have to thank: Desh, for setting a great example as an academic and a
person—the time I spent with him and others at RRI in Bangalore has had
a lasting impression; Sesh, for letting me do a project with him during
my masters and his general help & guidance; Prof. Sibasish, who trusted
and supported me during a challenging time, and Manik da for the many
nights spent on the rooftop of the hostel at IMSc discussing physics and
socialist ideas.

I could not have been who I am without abbu, who taught me some of the
most important lessons in life, and who would have been very proud if
he were alive today. Bereft of his presence, I wonder if this void can ever
be filled. I am beholden to ammu, in perpetuity. She has taken care of me
in the most distressing of times and has been a source of great strength



v

and determination. The family mentions would be heavily incomplete
without my nani-ammi and nana-abba, who took care of me when I was
little, and who’s ideals far exceeded their times. Their memories are an
eternal source of love and warmth in my life.

I must say a few words about my middle sister, Iram, who has always
fed me amazing dishes and who’s coolness I cannot mimic, and my little
darling sister, Fatima, who has made a gazillion elaborate cards for me. I
have missed them deeply over these years.

And now to mention the most current person who has been a constant
throughout the highs and lows of life and who has kept me sane—Geet—
he prefers not be spoken too much about.

I would also like to thank Lily, Robyn, and Camila for offering generous
help with the university paperwork whenever needed.

I must also acknowledge the support of the Sydney Quantum Academy’s
top-up and extension scholarships that gave me a-much-needed extra
time in the end.

Finally, I would like to thank the socialist policies around higher educa-
tion in India that enabled a nobody.



vi

Contents

1 Introduction 1

I Quantum state estimation 10

2 Overview & formalism 11
2.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.2 Mathematical preliminaries . . . . . . . . . . . . . . . . . . . 17

3 Bayesian state estimation 23
3.1 Existence of a Bayesian estimator for any estimator . . . . . 23
3.2 A Bayesian method for minimax state estimation . . . . . . 28

4 Covariant state estimation 33
4.1 Minimax measurement for covariant estimation . . . . . . . 40

5 Optimal state estimation for qubits 43

II Work in quasi-thermal processes for two-level sys-
tems 51

6 Overview & model 52
6.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52



CONTENTS vii

6.2 Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

7 Average work and variance 62
7.1 Analytical results . . . . . . . . . . . . . . . . . . . . . . . . . 62

7.1.1 Average work . . . . . . . . . . . . . . . . . . . . . . . 62
7.1.2 Lower bound on variance . . . . . . . . . . . . . . . . 69

7.2 Numerical results . . . . . . . . . . . . . . . . . . . . . . . . . 75
7.2.1 Monte Carlo for variance of work . . . . . . . . . . . 75
7.2.2 Fluctuation-dissipation relation . . . . . . . . . . . . . 75

7.3 Distribution of work . . . . . . . . . . . . . . . . . . . . . . . 79

8 Optimal processes 85
8.1 p as independent variable . . . . . . . . . . . . . . . . . . . . 85
8.2 t as independent variable . . . . . . . . . . . . . . . . . . . . 91

9 Application: finite-time heat engines 94
9.1 Carnot engine: review . . . . . . . . . . . . . . . . . . . . . . 95
9.2 Finite-time heat engines . . . . . . . . . . . . . . . . . . . . . 98

9.2.1 Optimal finite-time cycles limiting to Carnot cycle . 101
9.2.2 General optimal finite-time cycles . . . . . . . . . . . 102
9.2.3 Comparing finite-time optimal cycles . . . . . . . . . 103

10 Conclusion & Outlook 108

Appendices 119

A Part I 120
A.1 Quantum Bayes estimator for Bregman divergence . . . . . 120
A.2 Proof of Lemma 1 . . . . . . . . . . . . . . . . . . . . . . . . . 121
A.3 Proof of l.s.c. for Bregman divergence . . . . . . . . . . . . . 123
A.4 Why the Bayes estimator is discontinuous. . . . . . . . . . . 124
A.5 Additional lemma(s) . . . . . . . . . . . . . . . . . . . . . . . 126



CONTENTS viii

A.6 Aside on t-designs . . . . . . . . . . . . . . . . . . . . . . . . 128

B Part II 129
B.1 Quantum Isothermal processes . . . . . . . . . . . . . . . . . 129
B.2 Aside on special functions . . . . . . . . . . . . . . . . . . . . 131
B.3 Proof of Lemma 13 . . . . . . . . . . . . . . . . . . . . . . . . 131
B.4 Proof of Lemma 14 . . . . . . . . . . . . . . . . . . . . . . . . 133
B.5 Partial thermalization under Assumption 1 while increas-

ing the energy gap . . . . . . . . . . . . . . . . . . . . . . . . 135


	Title Page
	Certificate of Original Authorship
	Abstract
	Acknowledgements
	Contents



