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Physicists should be more aware of the 
consequences of their work (Pupin Hall Case)
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Outline
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Motivation

• Physicists’ 
history

• Non-
proliferation 
regime

• Deadlier 
weapons

• Existing 
frameworks

Questions to be 
answered

• What’s dual 
purpose 
research?

• How do we 
make a 
framework 
for scientists 
to evaluate 
risk? 

Case study

• NNSA 
funded 
projects

• Preliminary 
analysis

• Examples of 
projects
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Motivation: the non-proliferation regime needs a 
framework to examine contemporary research
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Treaties

• NPT

• TPNW

• CTBT

• START/New START

• Tlatelolco

• etc

Agencies

• IAEA

• ABACC

• Euratom

• etc

Scientists and funding agencies not willing to engage with 
nuclear weapons should also know the risk of their projects
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Motivation: modern bombs are already very deadly
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Hiroshima
15 kt

Nagasaki
20 kt

Modern Weapons
100+ kt

580k+ fatalities if 
dropped in NYC

Sources: The Bulletin of the Atomic Scientists, ICAN
https://thebulletin.org/2020/08/counting-the-dead-at-hiroshima-and-
nagasaki/
https://www.icanw.org/how_destructive_are_today_s_nuclear_weapons

110-210k fatalities 
combined

Modern bombs are not only 
several times deadlier; they are 

also more precise and faster.

https://thebulletin.org/2020/08/counting-the-dead-at-hiroshima-and-nagasaki/
https://thebulletin.org/2020/08/counting-the-dead-at-hiroshima-and-nagasaki/
https://www.icanw.org/how_destructive_are_today_s_nuclear_weapons
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Motivation: modern bombs are already very deadly
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Hiroshima
15 kt

Nagasaki
20 kt

Modern Weapons
100+ kt

580k+ casualties if 
dropped in NYC

Sources: The Bulletin of the Atomic Scientists, ICAN
https://thebulletin.org/2020/08/counting-the-dead-at-hiroshima-and-
nagasaki/
https://www.icanw.org/how_destructive_are_today_s_nuclear_weapons

Modern bombs are not only 
several times deadlier; they are 

also more precise and faster.

110-210k casualties 
combined

https://thebulletin.org/2020/08/counting-the-dead-at-hiroshima-and-nagasaki/
https://thebulletin.org/2020/08/counting-the-dead-at-hiroshima-and-nagasaki/
https://www.icanw.org/how_destructive_are_today_s_nuclear_weapons
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Motivation: modern bombs are already very deadly
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Motivation: developing new bombs is not 
necessarily needed for deterrence
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ICAN’s Schools of Mass Destruction

• ICAN report from 2019

• 49 universities 

• Projects funded by NNSA:

– 2/3 of funding directed to 
nuclear-weapon research

• Academic roles in:

– Direct management 

– Institutional Partnerships

– Research Programs

– Workforce Development

September 26, 2024 Bárbara Cruvinel Santiago 9
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Carnegie Endowment Report: “Towards a Nuclear 
Firewall”

• Definition in broad terms how political 
and scientific activities can be warning 
signs of an imminent nuclear weapons 
program. Examples:
– reactor operations

– control of the fuel-cycle

– delivery systems

– military structures

• Need to extend this analysis to even 
earlier stages of research and funding

• Can we have a more technical 
framework for RECENT developments?

September 26, 2024 Bárbara Cruvinel Santiago 10
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What is dual-purpose research in my projects?

September 26, 2024 Bárbara Cruvinel Santiago 11

Civilian vs. 
Military

Nuclear vs. 
Nuclear Weapon 

in the Military 

Civilian research 
used for (nuclear) 

non-peaceful 
purposes on 

purpose or 
inadvertently

Non-nuclear 
weapon nuclear 
research in the 
military that pose 
a proliferation 
risk

Weaponizable = can be used to produce 
new bombs or enhance already existing ones 
or delivery vehicles
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Former postdoctoral projects
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NNSA Funded Projects Brazilian Nuclear-Powered Submarine
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Former postdoctoral projects
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NNSA Funded Projects Brazilian Nuclear-Powered Submarine
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Case Study: What the NNSA currently funds

• 36 projects awarded in 2022 in 
academic institutions 

• Several (if not most) of them can 
have direct applications to 
nuclear-weapon development, 
making it a good place to look 
for what contemporary physics 
research projects are currently 
disguised as civilian research but 
aiding the nuclear weapons 
complex

September 26, 2024 Bárbara Cruvinel Santiago 14

Stewardship Science Academic Alliances
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What this project intends to show at this 
stage

• Make a framework that scientists 
can use to evaluate the risk of 
their own research so THEY can 
make informed decisions

• Enable funders who DO NOT want to 
be involved in nuclear-weapons 
development to better understand 
what they are funding 

• Enable the non-proliferation regime 
to spot budding nuclear-weapons 
development research disguised as 
civilian projects 

September 26, 2024 Bárbara Cruvinel Santiago 15
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What this project intends to show at this 
stage

• Make a framework that scientists 
can use to evaluate the risk of 
their own research so THEY can 
make informed decisions

• Enable funders who DO NOT want to 
be involved in nuclear-weapons 
development to better understand 
what they are funding 

• Enable the non-proliferation regime 
to spot budding nuclear-weapons 
development research disguised as 
civilian projects 

What this project does NOT intend to do 
at the moment

• Make judgement calls on what 
should be funded by the NNSA, 
the military, governments across 
the globe, etc

• Determine what research projects 
should not be pursued 

• Determine what is and is not 
ethical to research

• Make an all-encompassing 
framework of everything that will 
be weaponizable
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Project evaluation

Public slides from 
SSAA symposium and 

linked 
papers/material

“Reading 
Group”/Expert 

Survey

Identify 
weaponizable 

features 

Register data (and 
calculations) through 

questionnaire and 
discussions

Make framework for 
fellow scientists and 

non-proliferation 
actors

September 26, 2024 Bárbara Cruvinel Santiago 17

What projects are weaponizable and how do you identify that so we can write a 
framework to analyze NEW research?

Reading group, as of last 
spring included members 
from Stanford, Yale, 
Columbia, Princeton, 
Illinois State, San Jose 
State and Cornell. 
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Examples of materials
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Clarke et al. Jacobs et al.

Finch et al. Jacobsen et al.
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(Very) preliminary findings

• Still in the process of evaluating these projects, at least 2 
people at a time to prevent biases in assumptions for 
calculations and potential future simulations.

• Out of 36 projects:

– 17 in physics departments

• 2 in astrophysics, 4 in condensed matter and 1 in plasma physics

– All others in closely related fields, some PIs with training in physics

– 13 projects in schools not on ICAN’s list

– At first glance: ~23 projects with potential weaponization risks, but 
only 1 mentions weapons in their materials

September 26, 2024 Bárbara Cruvinel Santiago 19
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Example of not-so-obvious dual-purpose research
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Yoo et al.
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Example of not-so-obvious dual-purpose research
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Jacobsen et al.
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Project also allows us to identify research that 
needs to be pursued more broadly
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Powell et al.

Examples: Pu aging and impact on local communities (immediate need), detection of 
neutrinos to aid in inspection performance (can have an impact 2-3 decades from 
now)



Yale Kimball Smith Series

Possible future directions

• Completing the framework in the form of a public report

• Starting to make considerations about ethical implications of 
different research projects

• What kind of safeguards and regulation can be applicable to 
these kinds of technologies?

• Can we expand this project to flagging dual-purpose projects 
funded by other agencies (DoE, DoD, NASA, NSF, etc) or 
countries? Maybe through cross-referencing of identified 
categories?

• Can we automate the process of finding these technologies 
within the context of published papers using, for example, 
AI/machine learning to aid in non-proliferation?
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Physicists’ Coalition for Nuclear Threat Reduction
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The Coalition is not a part of this work but mentored me to start thinking about 
nuclear security issues from a scientific and policy perspective. 

This is my endorsement of them and not their endorsement or participation on this 
presentation.
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