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Review

The Cold Fusion Phenomenon
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ABSTRACT

Present status of cold fusion research is reviewed after almost nine years
of its discovery. It is recognized that the events of the cold fusion phenome-
non occurring at from room temperature up to about 3000°C include not inly
initially supposed excess heat, neutron and tritium generations but also helium
and gamma ray generations and the nuclear transmutation of the heavier nu-
clei. The experimental evidences of these events have been almost confirmed
and primitive application devices have been worked out but theoretical explana-
tion of the phenomenon is not accomplished yet. A trial of consistent explana-
tion for the whole experimental data is introduced in the final section.
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1. INTRODUCTION

In 1989, Fleischmann et al.” published a paper announcing the discovery of the socalled Cold
Fusion, i.e. generations of the excess heat @ and the nuclear products (tritium ¢, helium 4 ‘He, neu-
tron n, and gamma ray 7 ) in solids. The excess heat generation was confirmed first in electrolytic
system with Pd cathode, Pt anode and D.O + LiOD electrolytic solution. The amount of the ob-
served excess heat was several orders of magnitude larger than that generated by supposed chemical
reactions induced by applied electric field.

The first question raised to reconcile the events with the established knowledge of the material
science (Quantum Mechanics) was consistency of the amount of the excess heat and nuclear prod-
ucts accompanied with it. In the inspection of the consistency, it is assumed the nuclear reactions
relevant to the cold fusion phenomenon were the same reactions between deuterons as those in vac-
uum written down as follows :

d+d=1t(1.01 MeV) + p (3.02 MeV), (1)
= "He (0.82 MeV) + n (2.45 MeV), (2)
= He + 7 (23.8 MeV). (3)

The branching rations of these reactions have been well established in Nuclear Physics as~1:1:
10 7. This predicts a following relation between numbers of generated particles ; N, = N, = 10" Ny..

Therefore evenly, helium 4 could not be observed and the excess heat should amount to about 3
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~ 4 MeV per one tritium (and neutron).

Surprisingly enough for many scientists, those presumptions have been betrayed by the facts
obtained by many researchers made in systems similar to and different from that by the pioneers.
In fact, the observed relations were N, = Ny = 10~ 10" N, and No (= @/5 MeV) ~ N,. This is
the first origin of the confusion occurred after the discovery in 1989 and has lasted even until now
somewhere in the world.

The second question raised to reconcile the observed results with the conventional physical proc-
esses is the question of reproducibility to which the first question relates closely. The simple prob-
able reactions like (1) and (2) are expected to occur with definite probability if enough deuterons are
occluded in Pd lattice to a concentration for an alloy PdD and therefore where the deuterium distrib-
utes uniformly. Experimentally, however, the reproducibility of the event was very poor as every
experimenter knows very well. The presumption of such simple mechanisms could not reconcile with
the fact.

Now, almost nine years after the discovery, many facts have been confirmed and are waiting a
consistent explanation. It has been recognized that the cold fusion phenomenon contains not only
the generation of the excess heat and generations of small nuclei, neutron and the photon but also
the nuclear transmutation (NT) including heavy nuclei in metals occluding hydrogen isotopes (D
and H) and in compounds including them. The scope of experimental results obtained hitherto is
summarized in Table 1. In this table, @ is for the excess heat, the oxide ™ is a proton conductor and

Table 1: Typical Matrix Substances, Agent nuclei, Direct and Indirect Events 1n Cold
Fusion Phenomenon. The letter € signifies an energetic particle and 7y posi-
tion in space.

Matrix Substance Agent Direct Event | Indirect Event
Pd ‘D=d 7 (e) Q

Ti H=p n(e) ‘He

Ni 5Li Transmuted T =t

Na, WO, 18 Nucleus (») | Nuclear
KD,PO, 3K Transmutation
TGS 85Rb,8"Rb X-ray
SrCeosY0.08Nbg 2039, [ 4n = 1

YB&zCllgO;:J

* %

another oxide ** 1s a superconductor.

As we can see in Table 1, the cold fusion phenomenon has wide spread diversity in its events and
also in its fields where the events occur. In short, it is a phenomenon occuring in complex systems
composed of multi-component crystals and neutrons in the presence of time varying electric field.
Therefore, we have to expect chaotic nature for such events of the phenomenon which reflect stochas-
tic behavior of elemental processes directly in the system (direct events). On the other hand, we
can expect qualitative reproducibility for such events of the phenomenon resulting from averaging
over microscopic processes in time and space (indirect events). The direct and indirect events in
Table 1 represent this difference of their nature in the events.
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Typical experimental results of the excess heat, nuclear products (tritium, helium 4, neutron
and gamma ray) and nuclear transmutation (NT) will be reviewed in this order and finally the
theoretical aspect is explained in short. In the experiments done by now, there are measured some-
times several quantities in an experiment simultaneously. To review those experimental results, we
use here classification by event. A work with sereral events will be taken up by its most predomi-
nant event.

The reference is not intended to be exhaustive due to the limited space and the weight is on the
recent papers. The titles of the cited papers in addition to papers published in this volume will
supplement the explanation in this short review.

2. The Excess Heat

At first, we take up the excess heat because of its vast amount of data and its importance in
the application of the cold fusion as an energy source though it is an indirect event resulting from
thermalization (averaging) of the energy liberated by nuclear reactions in solids. In reality, many
data of other events have been observed together with the excess heat and we treat them in the other
divisions.

The excess heat has been measured not only in the original electrolytic system'™ Pd/D/Li but
also in other electrolytic systems ™™ and in discharge™ and gas contact'™ systems. Protom conduc-
tors"™ |, superconductors® and ferroelectrics have shown also the excess heat generation along with
ruclear products and are discussed later.

The most elaborate experiments have been performed on the orogonal Pd/D/Li system. Pons in
France is experimenting with a new precision device with success®. McKubre in SRI International,
USA, has performed elaborate experiment with the same system. They deduced a qualitative for-
mula expressing a dependence of the excess heat on the electric current density, D/Pd ratio x and
time rate of x change, | dx/dt].

Qualitative reproducibility of the excess heat generation up to about 50% of input energy has
been improved vastly by using materials with a large value of surface to volume ratio S/V. The
typical examples are the Patterson multi-coated beads™™ and thin wires of Pd¥ and Ni"® with S/V
~4 x 10% 4 X 10* and 80cm ', respectively. (The value of the original work by Fleischmann et al.”

was 6 ~ 40cm *, for instance.)
3. Particle Generation

The so-called nuclear products, particles generated in the phenomenon, expected first by many
were neutron and tritium due to reactions (1) and (2) and not helium and gamma ray as discussed in
the Introduction. In reality, however, there have been observed much tritium and helium but little
neutron by a factor 10 *~ 10 °. This is a characteristic of the cold fusion phenomenon.

The charged particles triton, ‘He and proton if any in strong interaction with matrix lattice and
are not expected to be observed in their original state as born in nuclear reactions. On the other
hand, neutron and gamma ray interact weakly with matter and are expected to give direct informa-
tion of the relevant reactions.

3.1 Tritium

Tritium has been observed™ ™ in gases and liquids in the system with sufficient amount to
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commensurate with the excess heat. It i1s a common experience of experimenters that tritium is

observed more often than neutron in any experiment. In the cases of simaultaneous detection of

tritium and neutron, number of the former reached ~ 107 times that of the latter”. A steady trit-
lum generation was observed in a glow discharge experiment with Mo or other metal cathodes and
D. gas™ .

3.2 Helium 4

In the particles generated in the cold fusion phenomenon, 'He is comparable to tritium in its
amount generated in clectrolytic experiments. After the first check®™ of helium generation, many
works™™*" have observed 'He outside the samples with enough amount to commensurate with the
excess heat.

This fact excludes the possibility of nuclear reactions in solids similar to those in vacuum unless
the branching ratio of the reaction (3) changes by more than seven orders of magnitude in solids. It
is difficult to suppose that the crystal lattice works so strongly on the nuslear reactions between
two deuterons in it due to the large differences of the short range ~10 "em of the nuclear force
compared with the lattice constant ~ 10 *cm and the large energy ~1MeV to penetrate Coulomb
barrier compared with the thermal energy ~ 0.1eV.

3.3 Neutron

The precise detection™ of neutrons with 2.45 MeV was the historical experiment done in the
presence of the background neutron. There are many evidences® ™ of neutron generation with ener-
gies from 2.45 MeV up to 10 MeV in various cold fusion materials in natural environment. These
data shows again that fundamental reactions of the cold fusion phenomenon are not those reactions
(1) and (2) supposed first but others.

In addition to above data, it should be noticed that there are many null results done in
enviroment with almost zero background necutrons. There are also several works showing positive
effects™ " ** of the thermal neutron on the cold fusion phenomenon. We know that the thermal
neutron is a predominant component of the background neutron as the data® showed clearly. We
have to give our attention on the background neutron.

The experimental data on the neutrons with its wide spread energy spectrum and its rather
small number than tritium by ~ 10 ° seem to show that we have to change our mind from simple
reactions like (1) and (2) to others compatible with experimental data.

3.4 Gamma Ray

First report* of the gamma ray generation was followed by another™ without others for a
long period. 1t has been, however, reported several fine data®™* of gamma ray up to ~ 10 MeV are
one of most direct evidences of nuclear reactions in the cold fusion. There remains a riddle for

scarceness of gamma ray detection for such a long period.

4. Nuclear Transmutation

One of the most spectacular effects in the cold fusion phenomenon is the nuclear transmutation,
change of mass and sometimes atomic numbers of nuclei in the cold fusion systems. There are very
many exerimental results from small changes of atomic and mass numbers®* to generation of
nuclel with large changes of these numbers™ " .

The nuclear transmution accompanies sometimes change of radioactivity of nucleus dissolved in
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the solution of clectrolytic experiments. This effect may be used to reduce hazardous radioactivity
of nuclear ashes remained in nuclear piles.

It is noticed that are evidences that the nuclear transmutation is occuring in biological sys-
tems™ . It is instruective to recollect the situation occured eight years ago when the cold fusion
phenomenon was discovered and then many people became indifferent to it. We have to be moder-
ate to judge new phenomenon considering various possibilities in complex systems composed of at-
oms and background particles on the earth.

5. Conclusion

The cold fusion phenomenon, first investigated mainly from energy point of view, has evolved
into a phenomenon showing an existence of a hidden realm in the solid statenuclear physics. [t
might be a science of thermal neutrons in solids as the experimental facts reviewed above suggest it
clearly.

Efforts to improve the qualitative reproducibility and the intensity of the effects have been
continued with great success. The factors governing the occurence of the cold fusion phenomenon,
especially the excess heat, have been investigated varying such parameters of experiments as composi-
tion and quality of the cathodes, clectrolytes, the form of applied electric voltages and so on. It is
recognized that density of hydrogen isotopes in the material has a threshold value below which al-
most to phenomenon occurs. It seems effective to vary some parameters with time as experienced
in many successful experiments : the parameters were temperature® | electric voltage® and structure

of the materiglg™ ™ i %02 % 3 0 4w

[t is also recognized that the phenomenon occurs both with deute-
rium and with hydrogen in contrast to the initial supposition that the deuterium is the inevitable
agent. This fact put people who adhere to the conventional reactions like (1) and (2) in dilemma
between the fact and their obsession.

[t has become clear that surface or interface area is very important in realization of the cold
fusion phenomenon. This fact is revealed by the localization of the transmuted nuclei confined
around the surface area™ ™ ** and the detection of ‘He outside the cathodes®™®

It is noticed furthermore that the cathode material and the electrolyte in electrolytic experiment
have a definite optimum combination. The well known paors are Pd and Li, and Ni and K or Rb.
This may be a clue to clarify the mechanism of the cold fusion phenomenon in addition to the above
mentioned localization of the transmuted nuclei.  Also, the preparatory period needed in successful
runs before meaningful events occur are widely recognized and ranges from several hours®® to sev-
eral months"”’

There are no microscopic theory to explain those complex events consistently yet. A model
theory™™* has been proposed by the author to interpret the various facts phenomenologically. The
model uses several premises with only one adjustable parameter n,,the density of thermal neutrons
in solids. The model has succeeded to explain more than 40 experimental results with reasonable
values of n, determind by experimental data.

In the model, only such well established reactions are used as follows. The reactions between

the thermal neurton and other nuclei (trigger reactions) are :

n+ *Li = "'He (2.1 MeV) + ¢ (2.7 MeV), (4)
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ntd=1t (6.98keV) + v (6.25 MeV), (5)
n+p=d (1.33keV) + v (2.22 MeV), (6)
nt+tLi=*Be+7y =2He +e + v.+ 16.2MeV + 7. (7

The energetic particles generated in these reactions, then, can react with other particles in the mate-
rial and breed neutron and other particles (breeding reactions) :

t (2.7MeV) +d ="le (3.5MeV) ~n (14.1 MeV), (8
n(e)y+d=n+d", (9)
nle)-d=n+p+n, (10)
vy (e)+d=n+p, (1
d (e)+d=1t (1.01 MeV) + p (3.02 MeV), (12)

="He (0.82MeV) + n (2.45 MeV). (13

The determined values of the parameter n, were almost in a range from 10° to 10%m *. This is not
absurd values in the high time of reactions if the background neutron is trapped and stocked in the
material to induce the trigger reactions and if the breeding reactions work effectively. The prepara-
tory period noticed above may be related with the trapping of the background neutrons. Physical
bases of premises in the model should be worked out if the model is successful in the explanation of
the otherwise confusing facts. Some predictions done by the model will be checked by experiments.
The science of the cold fusion phenomenon has been making progress steadily in experiment and
in theory. Dialogue between experiment and theory will promote research of the cold fusion and
establish a new science of solid state-nuclear physics which enables effective application of the phe-

nomenon to energy and radioactivity problems.
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