Cold Nuclear Fusion
The electronlike particles cal led muons can catalyze nuclear fusion
reac tions, eliminating the need for powerful lasers or high-temperature
plasmas. The pro cess may one day become a commercial energy source

by Johann Rafelski and Steven E. Jones
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is, the ordinary molecule). Because the
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muomolecular ion has a net positive
charge (two positively charged pro

INITIAL STEPS of muon-catalyzed fusion bring a deuterium nucleus and a tritium nu
cleus into unusually close proximity. First a muon invades a molecule consisting of two

tons and only one negatively charged
muon), it takes the place of one of the

nuclei held together by an electron cloud. The muon may collide with a tritium nucleus

positively charged nuclei in the elec

(1).
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Then, as a quantum-mechanical consequence of the muon's high mass, the muon falls

(2).
(1a), the muon may collide with a deuterium nucleus, forming a deuterium
muoatom (1b). In a later collision (1e) the muon can be transferred to a tritium nucleus,
forming a tritium muoatom (2a). The tritium muoatom then penetrates the electron cloud
of another molecule and collides with a deuterium nucleus (3). The tritium nucleus, the
into a very tight orbit around the nucleus, forming what is called a tritium muoatom
Alternatively

deuterium nucleus and the muon then combine within the molecule to form a muomolecu
lar ion, in which the muon holds the nuclei together much as an electron binds nuclei in
an ordinary molecule

(4). Because of the muon's
200 times closer together

ion are approximately

high mass, the nuclei in a muomolecular
than the nuclei in an ordinary molecule.
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alpha particle and the neutron move

rare conditions.

rates allowed about 150 fusions per

away from each other at high speed.
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er yields. These exciting discoveries
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a true catalyst for nuclear fusion.
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mechanism depends on a resonance
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tures the negatively charged muon by
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virtue of its own positive charge, there-

The molecule's vibrational states are
quantized: only certain amounts of vi
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sense the molecule is like a xylophone
that has only a fixed set of tones. In
Vesman's mechanism the energy given
off by the formation of the muomolec
ular ion "rings" one of the vibrational
states of the molecule-the molecule as
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resonance is therefore quite loosely
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bound: it has a very low binding ener
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gy in relation to typical muomolecular
energies. It was Ponomarev's achieve
ment to show, by a series of detailed
calculations,

that such an unusual,

loosely bound state can exist.
The resonance mechanism calls for
precise tuning: the energy absorbed by
the molecule must be equal to the en
ergy of its vibrational state. The bind
ing energy of the loosely bound muo
molecular ion turns out to be slightly

FUSION occurs as a tritium nucleus and a deuterium nucleus in a muomolecular ion com
bine, forming a helium nucleus and a free neutron and releasing energy. Because the triti
um and deuterium nuclei in the muomolecular ion are held close together by a muon, the
strong nuclear force can cause them to fuse

(1)

into a helium-5 nucleus orbited by a muon.

The helium-5 nucleus breaks up almost immediately. Usually

(2a)

it breaks into a neu

tron, an alpha particle, or helium-4 nucleus, and a muon. Sometimes, however

(2b),

the

positively charged alpha particle captures the negatively charged muon, forming a helium
muoatom and preventing the muon from catalyzing another reaction. In any case, the fu
sion releases kinetic energy: the neutron and the alpha particle move away at high speed.
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ow might muon-catalyzed fusion
serve as a practical source of en

ergy? Although there has been little
time to evaluate the implications of
the recent discoveries, a number of
possibilities have begun to emerge. In
addition to the number of fusions per
muon, the efficiency with which mu

2 TRITIUM

ons can be generated in the first place

MUOATOM

may determine which scheme can be
come viable. The energy equivalent of
the muon's mass is roughly equal to
the energy gained from six fusion reac
tions; in other words, an ideal, perfect
ly efficient muon-generating machine
could create one muon for every six
muon-catalyzed fusions taking place
in the separate reaction vessel. Unfor
tunately the actual energy cost of cre

4 HELIUM 5

ating a muon is at least 20 times great
er. Advances in the technology of par
ticle accelerators may well bring this
cost down.
The cost of producing muons has
been explored at

FUSION
REACTION CYCLE of a cold-fusion reaction starts and ends with a free muon (1). A
tritium muoatom forms

(2),

sometimes by way of a deuterium muoatom (10). The muo

atom combines with a deuterium nucleus to form a muomolecular ion
make a helium-S nucleus

(4).

CERN,

the European

laboratory for particle physics, by
Magnus Jandel of the University of

(3),

which fuses to

The helium 5 splits into an alpha particle and a neutron,

Uppsala and one of us (Rafelski). Our
study shows that a single muon could
be created by aiming an ion beam at a
vessel of deuterium and tritium at an

because the catalyst has been removed; sticking is a primary obstacle to the development

energy cost equivalent to between 100
and 500 fusion reactions. As the LAMPF

of muon-catalyzed fusion. If the muon does not stick, it is free to begin another cycle (1).

experiments have shown, the muon

releasing energy (5). If the muon sticks to the alpha particle (50), the cycle is interrupted
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thus produced could go on to catalyze
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One concept for generating energy
by muon-catalyzed fusion was pro
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In addition to these concepts, a pure
fusion reactor may also be possible.
Such a reactor would have several

COMMERCIAL COLD-FUSION REACTOR could be built with existing technology.

advantages over fission reactors and

To make the required muons, a particle accelerator directs a beam of ions (charged at

fusion-fission hybrids. For one, the
"ash" inevitably produced by the fu
sion process is helium, a harmless gas,
rather than radioactive waste. For an
other, the materials required for fuel
ing fusion reactions are abundantly

oms) at a target made of a substance such as deuterium or lithium. The resulting muon
beam is guided into a reaction vessel supplied with deuterium (which can be collected
from seawater) and tritium. There the muons catalyze fusion reactions. A purifier re
moves the helium produced by the reactions. Neutrons from the fusion reactions collide
with a blanket of lithium, producing tritium and helium. The tritium is channeled into the
fusion vessel and the helium is removed. Heat from the fusion reactions vaporizes a work
ing fluid that is piped through the lithium blanket. The vapor spins a set of high-pressure

available in seawater (which contains

turbines that run electric·power generators. Some of the electricity powers the particle

plentiful deuterium, as well as lithium

accelerator, pumps and other components of the reactor. The rest is sold to consumers.

that can be used to make tritium).

T

resonance mechanism would ensure
that fusion would proceed more slow

duce spin-offs that aid basic research.

some particle other than the muon

ly:

only negative muons would be need

might also be able to catalyze fusion.

the colliding muoatom and molecule,

ed, but a large number of positive

As George Zweig of the California In

ly charged muons would also be pro

stitute of Technology has suggested,

when it is added to the binding ener
gy given up by the muomolecular ion,

free quarks (if they are ever found)

would be more energy than the larg

nism and would therefore be available

could catalyze fusion reactions. Nev

er molecule could readily absorb. This

for the purposes of pure research.

ertheless, the muon suits the role re

has two important implications. First,

Ready availability of a large number

markably well. Each muon can cata

it means that a muon-catalyzed fusion

of positive muons could open the door

lyze a long series of reactions, both

reactor would not be susceptible to

to fuller understanding of the enigmat

because

mechanism

runaway reactions or meltdown. Sec

ic muon itself. Muon-catalyzed fusion

makes it possible for muomolecular

ond, it implies that muon-catalyzed fu

thus could foster a close symbiosis of

ions to form quickly and because each

sion cannot be used as the basis for

fundamental research and advanced

muon has a good chance of being freed

thermonuclear weapons.

technological applications.

he zoo of elementary particles is a
large one, and it is conceivable that

the

resonance

the increased kinetic energy of

For instance, in the fusion reactor

duced by the muon-generating mecha

after a fusion event to catalyze another

Historically, pioneering research in

Aside from its possible technologi

reaction. It also happens that the tem

physics tends to precede applications

cal applications, research on muon

perature at which the resonance mech

beneficial to society by one or two gen
erations. The physics of exotic parti

catalyzed fusion touches on many ar

cles is now entering a stage at which

involved depend on the laws of mo

anism should work best-about 900
degrees C., according to Melvin Leon

eas of modern physics. The processes

of LAMPF-is also near the temperature

applications are emerging; muon-cata

lecular, atomic, nuclear and particle

at which many energy-generating sys

lyzed fusion is a prominent example.

physics. Research on muon-catalyzed

tems, such as high-pressure steam tur
bines, are most efficient.

In the case of muon-catalyzed fu
sion, the applications that are bene

fusion challenges our ability to com
bine concepts from these diverse fields

At much higher temperatures the

ficial to society may themselves pro-

and deepens our knowledge of each.
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