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You better learn how to add.

— Yasiin Bey

Acknowledgements

It takes a village to raise a child, and it takes a global network of some of the kindest
and smartest people to ever do it to get me through a doctoral degree. To say I am
grateful would be an extraordinary understatement. I am built of all of you.

I could not have made the transition into research work without the open-hearted
goodwill of Dr. Mathieu Huot, and I have been inspired by Dr. Dario Stein and Dr.
Paolo Perrone both as communicators and as mathematicians. I joined this research
group because of advice from Dr. Swaraj Dash when I came to visit in December
2019, and have benefitted from his mathematical company in the last year. Thanks
too to Younesse Kaddar, Jack Liell-Cock, Dr. Cristina Matache, Dr. Sean Moss,
Dr. Philip Saville and Dr. Hugo Paquet for conversations over the years.

Thank you to Prof. Ichiro Hasuo, and the members of the Hasuo-lab at the
National Institute for Informatics, Tokyo, for welcoming me at the beginning of
2024. My trip to Tokyo coincided with a challenging moment in my relationship to
academic work. The opportunity to be part of such a uniquely friendly and driven
research group was invaluable. The additional benefits of spending four months
living in Tokyo, a city that I am now cursed to return to for the rest of my life,
are similarly vast. I would like to thank, in particular, Dr. Clovis Eberhart and
Dr. James Haydon for our work together, and Noriko Kitakawa and Dr. Kittiphon
Phalakarn for easing the challenge of moving across the world to a country that
I had definitely done an inappropriate amount of preparation for.

I wish also to thank Dr. Aleks Kissinger, Dr. Rob Cornish and Dr. Dan
Marsden for their help at the transfer and confirmation stages of my DPhil. It
is rare to get the chance to have generative conversations with people who have
really taken the time to read your work. Additional thanks to Dr. Kissinger and
Prof. Chris Heunen for agreeing to examine this thesis.

I am indebted to my supervisor, Prof. Sam Staton. My DPhil has been defined
by your gentle-handed cultivation of conversation and curiosity, especially since I
joined in the tumult of 2020. It is no surprise that the Oxford group has attracted
such thoughtful communicators and researchers. Insofar as there are traditional
ways of completing a DPhil, I have avoided them (or they have avoided me) and
your guidance has been essential in getting me to this point. I am lucky that my
CV found its way to you1 and I have greatly enjoyed working together.

1For this, I have Prof. Heather Harrington and Prof. Bob Coecke to thank.



Thank you to Steve S. on Math Stack Exchange for resolving a fundamental
misunderstanding about C*-algebras within minutes of my publishing the question2.

Thank you to my students. Mathematics is not a spectator sport and, despite
impressions from school, it is a team one. Each of you has made me a better
mathematician; it was and is a pleasure to be on a team with you.

I arrived in Oxford in October 2020 and in the first week met more people
than I had in the proceeding six months, alongside beginning a research degree
in theoretical computer science, which meant little to me at the time, and having
to move flat because of a cockroach infestation. Half of that year was spent in
London playing too much online chess and learning about sheaves, and when it
came to an end I owed what remained of my mental health to Nicolas Garraud,
Paul Micoud, Brianna Yang and Lindiwe Makgalemele.

Nico, you are one of the kindest hearts I have been lucky to know, and an
iconic Master of the Beans.

Paul, I benefitted so much from my proximity to the thoughtfulness with which
you approach life and baking. Bri, Oxford is a silly place that takes itself very
seriously. With you, the silliness was so easily found, overflowing with laughter
in various kitchens. To you both, the Baron Bigod Cheese Collective lives on;
I look forward to our next meeting.

Lindi, I have said more than enough in prolix book inscriptions, so let me just
say this: I admire you deeply, as a writer and as a friend. To know you is to want
to create; to choose to look gently but clearly; and to magnify with both.

In my second year, I had the luck of living with Len Ho. If you ever face
this opportunity I encourage you to take it. Not only will you find yourself with
a very well-stocked pantry, returning home to steaming bowls of food to your
name, you will also know and be known by a truly conscientious practitioner of
love. It is the least you can do to make them a fried egg and a hash brown from
time-to-time, they are changing your life.

Dr. Marthe Goudsmit Samaritter has been a shoulder to lean on throughout
the ups-and-downs of research and of being in one’s graduate-school second (third?)
adolescence. I have learned much from you about interweaving one’s life, thought
and ethics, mostly whilst sitting on or in view of some lovely grass with a cat.

A highlight of my time at Oxford was running the Fresher’s Week for the new
graduate students at Exeter in 2022 with Caroline Morita. Caz, thank you for
fielding the same questions over and over with me. To both you and Roland Chen,
thank you for your friendship and our shenanigans that year. It was probably the
most uni I’ve ever felt. It made the hard things easier and the easy things fun.

2Steve S (https://math.stackexchange.com/users/1557600/steve-s). The Algebraic Tensor
Product of C*-Algebras as an Operator System under Di!erent Norms. Mathematics Stack
Exchange. Feb. 2025. eprint: https://math.stackexchange.com/q/5031395.

https://math.stackexchange.com/q/5031395


Roland, thank you for feeding me, in all senses of the word, in a time when
I would have struggled to feed myself.

Another source of joy in this period was the radio show I cohosted with Ben
Caspi, Ben Nedis: The Tallest Mountain In Variety Town, on the Oxide radio
station3. Once a week we would chat and try to provide ‘genre whiplash’ for our
listeners, of which there were few. It was really, really good fun, and to Ben, I
am grateful for your company and your music.

My life in Oxford orbited the Exeter College MCR. Thank you to everyone
who volunteered their time to sustain it, and the members who helped to make it
so warm. Thank you to the college sta!, in particular, Vilmos, Elena and Tony,
for making college feel like home. Floreat Exon.

I would not be who I am without Zoë Morrall, who taught me and teaches
me the glamour of curiosity.

I have Bidhya Limbu, a poet of both words and actions, to thank for a restored
faith in modern London as a literary city.

Much of the fun I had in Tokyo was due to the serendipitous friendships of
Lucia Baumann and Adam Siegel, turning over stones in search of good food
and thumping techno.

Soul nourishment in Tokyo came in the dual forms Fairport Convention’s
Unhalfbricking and my friendship with Alexandra Wells. Alex, thank you for
influencing the music I listen to and the clothes I wear, but also how I create and
how I laugh. It is a great compliment to be the “big one” to your “little one”: both of
us travelling thousands of miles in opposite directions only to find our doppelgängers.

It is still a slight mystery to me how I have managed to finish this thesis. The
last year has been very di"cult, and I owe the fact that it has also been productive
to Berlin, some lovely people there, and a very handy ADHD diagnosis.

I have lived the last six months in a beautiful flat in Kreuzberg, with my flatmate
Lisa Schmitz and her cat Clovis4. Thank you, both, for making me feel so at home,
for conversations in the kitchen, real radiators, and many visits to the cinema.

Thank you to Sam Danello, Connie Sjordin and Adam Dowkes for your support
in the final leg. Sam, how I enjoy creating various lists in curry houses with you.
Connie, thank you for being grumpy with me as we place the final pieces in the
jigsaw. Adam, thank you for being part of my rhizosphere, and encouraging every
screenshot of mathematics I sent you.

Credit goes to Colette Allen, Roger Vanburgh, Harry Ford, James Day and Shaan
Bains for doing everything necessary to allow me a glorious week at Glastonbury

3For as long as it remains hosted online by Oxide, you may find the final episode here:
https://www.nedsummers.com/BenNedisFinalEp

4Not to be mistaken for Clovis, the human man, earlier thanked in these acknowledgements

https://www.nedsummers.com/BenNedisFinalEp


one month before when I intended to finish this degree (an insane decision on
my part). CNM indeed.

I moved to Berlin with the hope of building a creative community. I have read
poems and told stories on stage and in smoking areas around the city. Berlin
is also blessed with bookshops and cinemas and I have read and watched more
than any other year of my life, but far beyond these exercises in performance and
consumption, the greatest creative addition to my Berlin has been Sara Bresciani.
Sara, here we stand at the perfect moment of our lives to have met each other.
It has been my privilege to be part of your Berlin, to have you be part of mine
and to be able to count on your company in whatever follows.

I am particularly grateful for the support in the last year of Lola De Coster,
Jack Kennedy and Flore Postel-Vinay.

Jack, I admire your unique brand of gentleness, and the contagiousness of your
curiosity. I do not know how this year would have gone without you.

Lola, our journeys over the last few years have been such a perfect mix of
parallels and divergences. Our reflections have taught me about myself, the
world, and about you; all gifts.

Flore, who would have imagined that ten years later we would find ourselves
sharing a settlement again (and on my side, with plenty of mathematical analysis
too)? May we continue to find more places to drink wine, laugh, and ponder; I
always leave your company happier to be.

To Robyn Armour I owe, with gratitude, an immeasurable amount of who I am.
Thank you too to Sally, Tom, George and Stanley, for everything.

Dr. Matteo Tabaro remains the person with whom I have most enjoyed doing
mathematics. Thank you, Matteo, for your eye in all its clarity and your friendship
in all its softness.

Thank you to Dr. Nicole Gehl for reminding me, amongst other things, that
I too am human and that I may permit myself to be so.

For all that remains, I am indebted to Dr. Tim Birkle, Adelaide Hayes-Elliott,
Emma Duncanova and Prathm Juneja.

Tim, my oldest friend. Thank you for anchoring me with your friendship,
allowing me to become myself and becoming yourself too.

Emma, I am proud to know you, to get to know you. I admire you, and
understand more of what it is to be a person from exploring with you. Thank you
for making me laugh and touching the world with me.

Adelaide, when I am with you, it feels, just for a moment, like everything is
OK. Thank you for being silly and serious and my friend.

Prathm, it is me, it is your friend, Ned. I couldn’t have done it without you.
It is hard to imagine anywhere feeling quite so much like home as Canal Street
with you. Thank you for reminding me of the magic.



And, of course, thank you to my wonderful, wonderful family; I would be much
less funny without you. My grandparents, Jill & Robin Summers, and Janice &
Benny Shnider; my aunts, uncles and cousins, Sadie, Jo, Tony, Bec, Braham, Darren,
Jordan, Ness, Sasha, Romy, Josh, Blake, Berry, Scarlett, Amira; the cats, Cookie,
Crumble, Stanley5, and Smudge. Tom, I love you and I miss you.

Zoe Lipton, SSTC. I know you are not one for e!usion, so I will say only this: it
has felt like the most natural thing in the world to have you so nearby.

Luke Summers, thank you for letting me o! the hook by being both the more
academic son6 and the more employed one. It is one of the greatest joys of my life
to continue to discover what it means to be your brother and your friend.

And my parents, Kerri and Alistair Summers. Thank you for your support in all
my decisions, no matter how short-lived they turned out to be; for encouraging me
to become this version of myself, no matter how inexplicable he turned out to be;
for never saying no to the purchase of a book; for choosing to love who and what I
love; for modelling so many of the things I want to be when I grow up; for insisting
that I never need to thank you for any of these things, because you are my parents,
and this is what parents do; and for making me cry as I write this in the library.

5Not to be mistaken for Stanley, the human man, earlier thanked in these acknowledgements.
6Luke Summers. ‘Echoes of the Shoah: British Jewry and the Bosnian War’. In: Holocaust

Studies (Aug. 2024), pp. 1–22.


	Introduction
	Preliminaries
	Common Categories
	Category Theory
	Topology
	Multisets
	Radon Probability Monad
	Kolmogorov Extension Theorem

	Quantum de Finetti Theorems as Categorical Limits
	Introduction
	Staging C*-Algebras
	Complete Positivity and Monoidal Structures for C*-algebras
	Quantum de Finetti Theorems
	Main Results: Quantum de Finetti Theorems as Categorical Limits

	Classical de Finetti Theorems, Multisets, and Symmetric C*-Algebra Tensors
	Introduction
	The Kleisli Category de Finetti Limit
	The Multiset de Finetti Limit
	The Symmetric Tensor Quantum de Finetti Colimit

	De Finetti Theorems As Final Coalgebra and Initial Transition Algebra
	Introduction
	Exchangeable Coalgebras and Affine, Commutative Monads
	Coalgebras and the Radon Monad
	The Coalgebraic de Finetti Theorem
	The Transition Algebra Quantum de Finetti Theorem

	Conclusion
	Index of Notation
	Index of Definitions
	References

