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Electromagnetically induced fusion (in a crystal)
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Exposing the solid compound LiD (lithium deuteride) to X rays for the duration

of 111 h, we detect 88 events of nuclear fusion < + °Li — ®Be*
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The nuclei that constitute a crystalline lattice oscillate relative to each other with a very low energy that is not
sufficient to penetrate through the Coulomb barriers separating them. An additional energy, which is needed to
tunnel through the barrier and fuse, can be supplied by external electromagnetic waves (x rays or synchrotron
radiation). Exposing the solid compound LiD (lithium deuteride) to x rays for the duration of 111 h, we detect 88
events of nuclear fusion d + °Li — ®*Be*. Our theoretical estimate agrees with what we observed. One possible
application of the phenomenon we found is in measurements of the rates of various nuclear reactions (not
necessarily fusion) at extremely low energies inaccessible in accelerator experiments.

DOI: 10.1103/PhysRevC.93.034622

I. INTRODUCTION

Fusion of two atomic nuclei is possible if they approach
each other at a short distance (~10~1 c¢m). To come that
close, they need to go through a Coulomb barrier of the height
of a few MeV. The penetration probability for such a barrier
at room temperature (energy of relative motion, ~10 meV)
is practically 0 (~10726% [1]), but this probability rapidly
increases when the kinetic energy of the nuclei increases.
For example, for the dd system at an energy of 30 keV the
penetration probability becomes ~107 [1]. Therefore, the
obvious way to fuse the nuclei is to raise the temperature of
their mixture. In this way so-called thermonuclear reactions
occur in stellar bodies, in nuclear weapons, and in the
TOKAMAK [2].

such a probability, one muon can help with fusion, i.e., can
catalyze the fusion of many nuclear pairs before it decays
(muon lifetime, ~2 x 107® ). Muon-catalyzed fusion has
been observed and well studied both experimentally and
theoretically (see, for example, Refs. [6] and [7]) but turned
out to be inefficient as a new source for energy production.

In the present paper, we suggest and experimentally explore
yet another possible approach to fusion of light nuclei. The
idea is to make a crystal out of the atoms whose nuclei we
want to fuse. In this crystal, the nuclei sit next to each other
at an atomic distance and oscillate around the equilibrium
positions. A crystal is just a huge molecule, and of course
the probability of spontaneous fusion of neighboring nuclei is
negligible, the same as in ordinary molecules. An experiment
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LiD - crystal
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LiD - crystal
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LiD - crystal

New distribution
over the levels
that depends on
the spectrum of
the X-rays
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We only need the stationary distribution:
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Average rates (Wa) = Z Wa(E,”) Pa(E;”)
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Low-energy
tracks

E > 6 MeV







Efficiency of detecting

We cannot register all
the fusion events

LiH because the a-particles
slow down when passing
through the material
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SUMMARY

* Neutrons can excite the oscillations of the nuclei relative to

each other in a crystal

* Low fusion probabilities are magnified by the macroscopic
number of the pairs

* Such a phenomenon could be used to study the low-energy

nuclear reactions
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