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BACKGROUND



For the first time since the 
end of the Cold War, the number of 
nuclear weapons in the world 
is increasing again

Hans Kristensen, Matt Korda, and Robert Norris, Nuclear Notebook, Federation of American Scientists and thebulletin.org/nuclear-risk/nuclear-weapons/nuclear-notebook
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In 2024, humanity edged ever closer to catastrophe. 
Trends that have deeply concerned the Science and 
Security Board continued, and despite unmistakable 
signs of danger, national leaders and their societies 
have failed to do what is needed to change course.  

Consequently, we now move the Doomsday Clock from 
90 seconds to 89 seconds to midnight—the closest it 
has ever been to catastrophe. Our fervent hope is that 
leaders will recognize the world’s existential 
predicament and take bold action to reduce the threats 
posed by nuclear weapons, climate change, and the 
potential misuse of biological science and a variety of 
emerging technologies.

Who are these “clock setters” anyway?



EARLY WARNINGS
How Scientists Intervened in the Nuclear Debate

Engaged



THE DISCOVERY OF NUCLEAR FISSION

Lise Meitner and Otto Hahn, Berlin, c. 1925

(1938/1939)
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  Members of the Metallurgical Lab; University of Chicago Library  Time Life Films, Inc.   Bettmann Archive

BOHR’S ADVOCACY CHICAGO SCIENTISTS’ PETITIONEINSTEIN’S LETTER
August 1939 July 1944 July 1945

  “The United States shall not resort to the use 
of atomic bombs in this war unless the terms 
which will be imposed upon Japan have been 
made public in detail …”

Szilard and Einstein inform President Roose-
velt about the feasibility of a uranium bomb 
and recommend speeding up experimental 
work on nuclear fission. 

EARLY INTERVENTIONS

7

Niels Bohr advocates for not using the atomic 
bomb without first notifying Stalin, trying to 
lay the basis for post-war control of nuclear 
energy.

See www.atomicarchive.com/resources/documents/manhattan-project for a collection of documents

http://www.atomicarchive.com/resources/documents/manhattan-project


Cillian Murphy as J. Robert Oppenheimer 
Universal Pictures, 2023



There is no 
secret, and there 
is no defense.
Albert Einstein on behalf of the 
Emergency Committee of Atomic Scientists  
Princeton, NJ, December 1946

90 Nassau Street 
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SUPPORTING THE END OF NUCLEAR TESTING
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Frank von Hippel, “The Long-Term Global Health Burden from Nuclear Weapon Test Explosions in the Atmosphere: 
Revisiting Andrei Sakharov’s 1958 Estimates,” Science & Global Security, 30 (2), 2022, doi.org/10.1080/08929882.2022.2119716

(FIRST IN THE ATMOSPHERE, THEN UNDERGROUND)

Source: AIP Emilio Segre Visual ArchivesSource: Anonymous

Linus Pauling outside the White House, protesting 
against nuclear weapons testing, April 28, 1962; 
Nobel Peace Price 1963

Soviet physicist Andrei Sakharov (here during a 
hunger strike in June 1974) first warned about the 
long-term health effects of C-14 in 1958

U.S. seismologists with portable seismometers on 
a granite outcrop in Kazakhstan, July 1986 

Source: Tom Cochran, NRDC

https://doi.org/10.1080/08929882.2022.2119716


Is There a Special Role & 
Responsibility for Scientists ?  



A. Glaser, Princeton School on Science and Global Security, October 2025

DÜRRENMATT’S TWENTY-ONE POINTS
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THE PHYSICISTS, 1962

16. The content of physics concerns the physicists, 

its impact concerns all people. 

17. What concerns everyone can only be resolved by everyone. 

18. Every attempt by an individual to resolve for themselves 

what concerns everyone must fail.
…

…



THE “DUAL USE” DILEMMA
(THEN & NOW)
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DUAL USE TECHNOLOGY … THEN
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Source: IAEA (top)

WEAKLY INTEGRATED — OFTEN LARGE, BULKY
Nuclear and space technologies may be entrenched, but they are not deeply embedded in society

SOME ABILITY TO DIFFERENTIATE 
Many technologies are used for both civilian and military purposes, but they tend to have distinct features

GOVERNMENT FUNDED AND CONTROLLED
Major inventions of the 20th century emerged from government programs
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DUAL USE TECHNOLOGY … NOW
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Source: figure.ai (middle), anduril.com (bottom)

DEEPLY INTEGRATED AND EVOLVING RAPIDLY
Not only true for software but increasingly also for hardware, especially for autonomous systems

OFTEN INDISTINGUISHABLE
Appearance and functionality can be de facto identical; code is inherently versatile 

PRIVATELY FUNDED
International competition, trillion-dollar companies; more limited government control in shaping trajectory

http://figure.ai
http://anduril.com
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DISTINGUISHABILITY & INTEGRATION
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OFTEN DETERMINE WHETHER COOPERATION ON AND 
CONTROL OF A DUAL-USE TECHNOLOGY IS POSSIBLE OR LIKELY

Jane Vaynman and Tristan Volpe, Dual Use Deception: How Technology Shapes Cooperation in International Relations, International Organization, 77(3), 2023

(Vaynman and Volpe, 2023)
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https://www.cambridge.org/core/journals/international-organization/article/dual-use-deception-how-technology-shapes-cooperation-in-international-relations/C3BC65F4B54B509440632BD62D074031


NUCLEAR (FUSION) ENERGY
Example #1



A worker inside the DIII-D vacuum vessel during maintenance in 2017, General Atomics, San Diego 
Source: Robert Wilcox
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NUCLEAR FUSION IN 2025
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• At least 53 companies are seeking to commercialize fusion energy 
• About $10 billion in funding 
• More than 1,000 scientists and engineers recruited per year

Most concepts pursued for energy applications are based on magnetic 
confinement fusion and rely on the DT fusion reaction

For many decades, largely a government-led effort, but fusion R&D is 
increasingly conducted by startups and/or involves public-private partnerships

<latexit sha1_base64="h/PCIh9amboWUdU0rVHYiWsu/rc="></latexit>

D + T →↑ 4
He+ n+ 17.6 MeV

The Global Fusion Industry in 2025, Fusion Companies Survey by the Fusion Industry Association, Fusion Industry Association, 2025

The global fusion
industry in 2025
Fusion Companies Survey by  
the Fusion Industry Association



ADDRESSING DUAL-USE ASPECTS OF FUSION

POLICY & REGULATION FOR NUCLEAR FUSION
Acknowledge that nuclear fusion reactors can raise safety and security concerns

Source: Max Planck Institute for Plasma Physics (top) and iaea.org (bottom) 

FUSION TECHNOLOGY
Consider (and prioritize) configurations and materials that make military use difficult, 
especially with regard to fissile material production and tritium diversion

Design reactors and other test facilities with inspections and verifiability in mind

Involve, at an early stage, the International Atomic Energy Agency on how to monitor fusion reactors

Consider and assess accident scenarios

http://iaea.org


AI & ROBOTICS
Example #2
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THE PIVOT AGAINST AI REGULATION
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Oftentimes, I think our response is to be too self-conscious, too risk-averse. […] 

To restrict [the development of AI] now would … mean paralyzing one of the most 
promising technologies we have seen in generations. […] 

We believe that excessive regulation of the AI sector could kill a transformative 
industry just as it’s taking off, and we’ll make every effort to encourage pro-
growth AI policies. […] 

The AI future is not going to be won by hand-wringing about safety.”

U.S. Vice President J. D. Vance, Paris AI Action Summit, February 11, 2025

“
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ROBOTS THAT INDICATE & GUARANTEE 
THEIR “GOOD” INTENTIONS ? 
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LEARNING FROM THE WORLD OF NUCLEAR VERIFICATION

Source: Author and Sandia National Laboratories (right) 



WHERE DO WE GO FROM HERE?
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TOWARD A MORE PEACEFUL FUTURE
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Source: Matt Stanley (top) and Giancarlo Impiglia (bottom) 

The content of physics concerns the physicists, its impact concerns all people”
• We can be explicit about our goals and vision while also acknowledging potential risks

• Build a community of scientists and look for answers together

• Seek opportunities to shape emerging technologies to make them “dual-use resistant”

“

“ What concerns everyone can only be resolved by everyone”

• Scientists and physicists can play an important role in informing policy, even with technical analysis

• Public engagement and pressure was key to major threat reduction efforts in the past

• Get the message out: policymakers need to know their constituents care




