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Is quantum 
mechanics 
falsifiable?



I (almost) never miss a flight …



lower bounds…

upper bounds…



How can the lens of 
(quantum) computer 

science enrich our 
understanding of the 

physical universe?



As I recall, the first time I heard Umesh 
speak was at a 1997 conference in London. 
He explained the lower bound on quantum 
search. Bennett, Bernstein, Brassard, and 
Vazirani had proved that Grover’s algorithm 
is optimal before Grover’s algorithm was 
discovered! (I talked about topological 
quantum computing with anyons.)







Email to Bennett and Vazirani, 1 Nov 1999:

Charlie and Umesh: I would like for you each to write about 3-4 pages for 

Sections (1) and (2), making the points that you think are important. Recall 

section (1) is about the general themes of the field and the accomplishments to 

date, while (2) is about the outstanding open problems and issues. You don't 

need to coordinate with one another; I'll take what you give me and try to 

integrate it into a draft. I'm assuming that Charlie will emphasize quantum 

information theory and cryptography, while Umesh will emphasize algorithms, 

bounds, communication complexity, but it doesn't matter if what you say 

overlaps. 

I would like to have this no later than two weeks from today, Monday November 

15. Sooner if possible. 

Umesh sent his stuff on November 23. Charlie had already provided a draft 

summary and outline on October 31.



[QIS] is already providing a wholly new language for describing how Nature works, and 
new ways of thinking about a wide variety of scientific and technical questions. As with 
any revolutionary scientific insight, the long-term implications cannot be clearly 
anticipated, but we are confident that they will be profound. 

The development of QIS faces special problems because of its long time horizon and its 
intrinsically interdisciplinary nature. Researchers in the field work at the margins of the 
traditional disciplines, and therefore sometimes find it difficult to attain funding or to 
advance their careers. The very best students are attracted by the excitement generated 
by QIS, but are uncertain how to pursue that interest within a conventional academic 
department. Most worrisome, the excellent young scientists who receive advanced 
degrees doing QIS research are often forced to leave the field because of a lack of stable 
funding to support their work …



Workshop on the Computational Worldview and the Sciences
Caltech, 15 March 2007







(2013)







58 open questions in 8 categories: algorithms, complexity, 
cryptography/communication, simulation, physics foundations, 
systems, implementation/hardware, implications.



[Complexity] How powerful are multi-prover quantum interactive 
proof systems?

[Complexity] The classical Probabilistically-Checkable-Proof (PCP) 
theorem indicates that it is hard for classical computers to find 
approximate solutions to classical constraint satisfaction problems. Is 
there a quantum version of the PCP theorem, and if so what are its 
implications?

[Cryptography] Are there general protocols that allow a classical 
verifier to check that a quantum computer is operating correctly?

[Cryptography] Can we prove the security of practical quantum key 
distribution against side-channel attacks based on device-
independent assumptions?



At the White House 
18 October 2016



Bernstein and Vazirani
(1993) 

“The study of the computational 
power of quantum Turing Machines 
gives a method of demonstrating, 
in a quantifiable way, the inherent 
difference between the model 
proposed by quantum physics and 
any classical model.



STOC 1999: Algorithmic 
cooling for NMR 
quantum computation







Communications 
in Mathematical 
Physics (2017)





STOC 2023



Students
Ashwin Nayak 1999
Sean Hallgren 2000
Andris Ambainis 2001
Scott Aaronson 2004
Iordanis Kerenidis 2004
Ben Reichardt 2006
Thomas Vidick 2011
Urmila Mahadev 2018
Chinmay Nirkhe 2022
Yunchao Liu 2024

Postdocs
Leonard Schulman
Isaac Chuang
Amnon Ta-Shma
Dorit Aharonov
Wim van Dam
Daniel Gottesman
Ronald de Wolf
Zeph Landau
Julia Kempe
Oded Regev

Rahul Jain
Jeremie Roland
Itai Arad
Yi-Kai Liu
Sevag Gharibian
Or Sattath
Henry Yuen
Bill Fefferman
Adam Bouland

Some quantumists mentored by Umesh







How can the lens of 
(quantum) computer 

science enrich our 
understanding of the 

physical universe?



Physics + Computer Science = ?



Physics + Computer Science = Awesome
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