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Some Bits of History

US develops and uses nuclear weapons on Japan at the end of World
War II (1945). Other countries follow; current count is nine.

Cold War leads to nuclear arms race between US and its allies and the
Soviet Union.

Nuclear Non-Proliferation Treaty (NPT) enters into force (1970).

Prevent the spread of nuclear weapons, fissile materials, and
technology.
Reduce or eliminate nuclear weapons.
Support the right to peacefully use nuclear technology

Collapse of the Soviet Union

Many components of the Soviet nuclear arsenal left behind in the
former Soviet Union (FSU).
Collapse of Russian ruble in 1998 leaves even Russian arsenal with
limited funds for maintenance and security of nuclear materials.
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Nuclear Weapons 101

Jerry Gilfoyle Science Policy 3 / 24



Nuclear Weapons 101

Jerry Gilfoyle Science Policy 4 / 24



Nuclear Weapons 101

Play
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The Comprehensive Test Ban Treaty (CTBT)
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The CTBT Verification Regime

The International Monitoring System (IMS), consists of 337 facilities that constantly
monitor for signs of nuclear explosions. Over 70% are already collecting data.

Detection technologies:

Seismic: 50 primary and 120 auxiliary seismic stations monitor shock waves.
Hydroacoustic: 11 hydrophone stations ‘listen’ for sound waves in the oceans.
Infrasound: 60 stations on the surface can detect ultra-low frequency sound waves
(inaudible to the human ear) that are emitted by large explosions.
Radionuclide: 80 stations measure radioactive particles in the atmosphere, 40 also
pick up noble gases.

On-site-Inspection: If IMS data from
the IMS show a nuclear test has
ocurred, a Member State can re-
quest an on-site-inspection subject to
a vote .
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Testing the Testers

North Korean tests a nuclear bomb on
October 9, 2006.

More than 20 CTBTO seismic
stations capture the blast.
Radionuclides detected two weeks and
4700 miles away (!) in the Yukon.

They do it again on May 25, 2009

Sixty-one CTBTO seismic stations
capture the blast.
No radionuclides are found!!?? →
Epic fail?

The fun never ends; another test on February 12, 2013

CTBTO seismic stations capture the blast.
Radionuclides found again! Link
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What is Happening?

Geologists detect the shaking induced by the blast and pinpoint the
site of the explosion within 100 meters - first sign of a test. And then
estimate the yield (geology).

A few special nuclei made in the blast (xenon) are chemically inert
and find their way through a kilometer of rock to reach the
atmosphere.

Calculations of the weather enables meteorologists to predict the
spread of the plume from the blast (meteorology, physics,
computer science).

Air monitoring stations process huge amounts of air to capture the
xenon atoms (chemistry).

Nuclear physics detectors make the final identification of the decay of
the xenon nuclei (nuclear physics).

Now comes the response (political science).

Detecting the nuclear test re-
quires sophisticated science that
draws on many people in many
disciplines!

International response is driven
by the scientific results - scien-
tists have to get it right!
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Why Should You Care?
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Loose Nukes

The Soviet and US Nuclear Arsenals

By the end of the Cold War the US and USSR had nuclear arsenals
containing about 64,000 warheads on various delivery vehicles.

US and Soviet military stockpiles contained about 1600 tons of
highly-enriched uranium (HEU) and about 200 tons of plutonium.

An unforeseen consequence of the end of the Cold War was the
disposition of nuclear weapons materials.
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Loose Nukes?
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Why Should You Care?
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What Can an Opponent Do?
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The US Response?
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How Loose are the Nukes?
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Conclusions

Do we live in a safer world than during the Cold War? Yes, sort of.

The threat of nuclear Armageddon has receded with the lowering of
tensions between Russia and the US.

Has the threat of a nuclear conflict increased? Yes, sort of.

While the threat of a large-scale nuclear war between Russia and the
US is smaller, the proliferation of nuclear weapons technology has
increased the risk of nuclear weapons being used.

What can be done? Lots, but it will take time, money (Opps! There
goes my tax cut!) and leadership from the US (CTBT, NPT, ABM,
BWC, CTR).

What can I do?

Learn! Cut through the hype.
Vote! Write to Congress.
The US and other countries are in desperate
need of technical expertise.
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Why Should You Pay For It (basic science, that is)?

1 Over the last 100 years at least 50% of the growth in our
standard of living is due to technological change.

2 It’s expensive!
JLab, where I do my research, cost about $500 million in 1994 (about
1/4− 1/2 a Space Shuttle mission).

3 Technological spinoffs: NMR→MRI,
WWW, transistors, computers, ...
At JLab about 100 devices have been
patented.

4 Production of trained scientists, engi-
neers, technicians. .... all from basic
science research.
About 200 doctoral theses have come
out of JLab.

In Paris in 1783 Benjamin Franklin watched with amazement one of the
first hot-air balloon flights. The following exchange was said to occur.

Questioner to Franklin: Sir, what’s the use of flying in the air?

Ben Franklin’s answer: Sir, what’s the use of a newborn baby?
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Additional Slides
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What is the Threat?
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Public Policy Opportunities
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Science Policy and Education
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Assessing Risk
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