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SigmaCamp 2025 Lecture Overview

Saturday, August 2
Quantum Advantage, by Scott Aaronson . . . . . . . . ... .. e e e e

Sunday, August 3
What Powers Life: Myths and Truths About Energy in Your Cells, by Alexander Galkin .
Benford’s Law, by Alexei Borodin . . . . . . . . . . .. .. ...
Chemistry, Al, and You: Charting Your Course in the Future of Science, by Yana Kosenkov
Soft Robotics and Programmable Matter, by David Bershadsky . . . . .. ... ... ...

Monday, August 4
Healed by Nothing: The Weird Science of Placebos, by Olga Komargodski . . . . . .. ..
What is a Proof? From Euclid to Zero-Knowledge Arguments, by Adam Smith . . . . . .
How to Search in the Dark, by Deniz Erdag . . . . . . .. .. .. ... ... ... .....
The Language of Chemistry in Drug Discovery, by Dmitri Kosenkov . . . ... ... ...
Learning About Learning, by Daniel Salkinder . . . . .. ... ... ... .........

Tuesday, August 5
Simpson’s Paradox: How Mathematics can Heal Patients and Political Divides, by Andrey
Boris Khesin . . . . . . .
On Particle Physics, Curved Spacetime, and Mysteries in Our Universe, by Avia Raviv-
Moshe . . . . .
We Are Probably Alone in the Universe (But That’s Not Certain), by Mark Lukin . . . .
Al: Brains or Big Data? How Smart Al Really Gets, by Julia Kempe . . . . ... .. ...

Wednesday, August 6
Quest for Biological Immortality: The Need, The Fraud, & The Roadmap, by Leon Peshkin
Why Do Physicists Say That 1 +2+3+4+:: = 1=12?, by Zohar Komargodski
The Surface Was Invented by the Devil, by Anibal Boscoboinik . . . . ... ........
Are All In nities the Same?, by Sofya Raskhodnikova . . . . ... ... ... .......
The Engineering of Warfare, by Nestor Tkachenko . . . . . ... ... ... ........

Thursday, August 7
Cracking the Code of Autism: How Computers Helped Discover 4 Hidden Subtypes, by
Olga Troyanskaya . . . . . . . . . 0 i e e e e e e e e e
Al Without the Machine: Physical, Chemical, Evolutionary, by Alexei Tkachenko . . . . .
Big Numbers, by Scott Aaronson . . . . . . . . . . ...
The Science of Tradeo s: Doing Economics with Everything, by Ori He etz . . . . . . ..

Friday, August 8
Imaging the Invisible: How Radiology Sees What the Eye Cannot, by Victoria Chernyak
How to Count Colorings?, by Pavel Etingof . . . . .. ... ... ... ... ........
Herd Behavior, by Katrina Ligett . . . . . . . . . . . . . .. ... .
The Physics of Perception: How Life Interacts with the Seen and the Unseen, by Polina
Zavyalova . . ...



Saturday, August 2

Quantum Advantage
by Scott Aaronson

What can we do with a quantum computer that actually beats
the best that can be done with a conventional computer?
Three decades ago, Shor’s quantum factoring algorithm gave
a dramatic in-principle answer to this question, but experi-
menters still struggle to build the error-corrected devices that
would be needed to demonstrate Shor’s algorithm at scale. In
this talk, I'll tell you about the so-called \quantum supremacy
experiments," based on random circuit sampling and Boson
sampling, that my collaborators and | proposed 15 years ago
and that Google and others have used to demonstrate quan-
tum advantages starting in 2019. I'll also tell you about the
central drawbacks of these experiments, and what we’re doing
now to try to address those drawbacks.

About the lecturer: Scott Aaronson is a theoretical computer scientist at the University of Texas
at Austin. He received his bachelors from Cornell and his PhD from UC Berkeley, and previously
taught at MIT. He’s spent most of his career studying the capabilities and limitations of quantum
computers, although he also spent a two-year leave at OpenAl, working on theoretical foundations of
Al safety. He’s published a book, Quantum Computing Since Democritus, and also writes a popular
blog. Attending a math camp when he was 15 was a transformative event in his life.



Sunday, August 3

What Powers Life: Myths and Truths About Energy in Your Cells
by Alexander Galkin

We all know that where there are oxygen and food | there
should be life. How do our cells use oxygen and nutrients?
99% of the oxygen we breathe is consumed in small cellular or-
ganelles called mitochondria. In school textbooks, mitochon-
dria are known as the \powerhouse" of the cell, but we will
look at these cellular organelles from a di erent perspective.
In my lecture, we will discuss how energy is processed in our
cells and bust some myths about diets, calories, and aging.

About the lecturer: Alexander received his PhD in Bio-
chemistry at Moscow State University and completed postdoc-
toral studies at Frankfurt University and University College
London. Dr. Galkin’s research lab at the Brain and Mind Re-
search Institute, Weill Cornell Medicine, focuses on studying
the role of mitochondria-associated metabolic changes in tissue
injury during cardiovascular diseases such as stroke, tissue is-
chemic damage, and neurodegeneration using various in vivo
and in vitro models.

Benford’s Law
by Alexei Borodin

If one looks at population numbers of all the towns in the
United States, then one sees that the leftmost digit of those
numbers is \1" about 30% of the time and \9" less than 5%
of the time. The same happens with electricity bills, length
of rivers, and street addresses. This observation is known as
Benford’s law. In this lecture we will investigate this law and
explain why it works. We will also discuss how it can be used,
for example for detecting fraud in nancial documents. The
lecture expects that students are familiar with high school al-
gebra and logarithms.

About the lecturer: Alexei Borodin received his Ph.D. in

mathematics from the University of Pennsylvania in 2001. He was a professor at Caltech in 2003-
2010, and since 2010 he is a professor of mathematics at MIT. Alexei enjoys working on problems
on the interface of algebra and probability.



Chemistry, Al, and You: Charting Your Course in the Future of Science
by Yana Kosenkov

“The chemists are a strange class of mortals,
impelled by an almost insane impulse to seek
their pleasure among smoke and vapor, soot
and flame, poisons and poverty...”

- Johann Becher, 17th-century German chemist

Do you nd excitement in smoke, vapor, and bubbling asks?
If so, you would t right into a 500-year-old alchemy lab! It
is not a secret that modern chemistry is no longer con ned to
glassware and goggles. Contemporary teaching, research, and
industrial labs use robotics, Al, and automated instruments,
operated by collaborative teams of scientists. These environ-
ments are increasingly inclusive, welcoming diverse talents, in-
terests, and perspectives. As the lines between theory and
experiment blur and scienti ¢ research becomes increasingly
more interdisciplinary, there is growing demand for software
developers, Al specialists, data scientists, engineers, designers, user experience specialists in the
area. In this interactive session, we will explore how the fusion of theory and experimentation, fu-
eled by emerging technologies and teamwork, is transforming chemistry and other sciences. Then,
we will make it personal for you, by exploring how your own personality, learning style, strengths
or even perceived limitations, can help you navigate your own unique path in science.

About the lecturer: Yana Kosenkov is a computational chemist and chemical education spe-
cialist whose work focuses on applying arti cial intelligence, machine learning, and automated
technologies to advance drug discovery and make chemistry labs more accessible to scientists of all
abilities. After teaching and advising students at several institutions, Yana recently joined Rutgers
University as a teaching professor of chemistry. Outside of work, she enjoys spending time with
her hushand and three sons solving math and science problems, and enthusiastically cheering (and
occasionally screaming) at their basketball games.



Soft Robotics and Programmable Matter
by David Bershadsky

Robots in our every day world rely on the design of compli-
cated mechanisms to improve their capabilities. Soft robotics
interact in the world in a more organic way. They can incor-
porate soft interface layers to prevent from damaging fragile
objects. Similar to our own muscles they can move without
motors by harnessing shape changing materials. What if we
could improve the capabilities of our soft robots by program-
ming the materials they are made of? We will dive into the
world of shape memory materials, and other materials with
programmable proprieties to explore how they can be synthe-
sized, and used in real world applications through the lens of
soft robotics.

About the lecturer: David Bershadsky is an Electrical and Computer Engineering PhD candi-
date co-advised in Chemical Engineering working on programmable matter for robotic applications.
He studies how we can manipulate the structure of materials in order to control their mechanical
behaviors. At SigmaCamp, David is responsible for teaching the Micro uidics semilab.



Monday, August 4

Healed by Nothing: The Weird Science of Placebos
by Olga Komargodski

Is a placebo really just a sugar pill that does nothing? Or is it
one of the most mysterious and powerful forces in medicine?

For centuries, self-proclaimed healers have sold miracle cures
from snake oil to electric belts, pro ting from people’s hopes.
But what if some of these \fake™ treatments actually helped,
not because of what they are, but because of what people
believe?

In this session, we’ll uncover how the placebo e ect has shaped
medical history, and why it still challenges modern science today. We’'ll dive into the brain’s hidden
power, explore how beliefs can change pain perception, and ask: can a lie sometimes heal?

Not all placebos are created equal. We’ll test which types work best, and why. By the end, you’'ll
be better equipped to spot hype, ask smart questions, and understand the surprising science behind
healing without medicine.

About the lecturer: Dr. Olga Komargodski MD is a board-certi ed physician specializing in
pain management, with advanced training from Stony Brook and Johns Hopkins. She currently
practices in New York, where she helps patients manage complex chronic pain using a combination
of interventional techniques and evidence-based approaches.
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