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A thermal neutron in a crystal be-
haves like a wave traveling in space. The
neutron has three ways it can escape: (1)
running out, (2) fusion with a nucleus,
and (3) transformation into a proton by
f3 decay. If these three are prevented
from taking place, the ncutron is stable
in the crystal. Conditions for the stabili-
zation of a neutron in a crystal is shown
with its probable effects.

Introduction

After its discovery in 1932, the na-
ture of the neutron has been a major
problem. Its magnetic moment was dif-
ficult to understand in Quantum Me-
chanics, Its decay was also a riddle.
Even now, the problem of the nucleon
— proton and neutron — is one of the
central problems in elementary particle
physics.

Though the interaction with atoms
and molecules is weak, since the inven-
tion of the atomic pile the neutron has
been used to analyze the structure of
matter by diffraction. This was made

possible by the discovery of the fission
of 235 by the absorption of a ncutron,
generating two or three neutrons. The
neutron has thus played a key role in
atomic piles and nuclear weapons. Even
S0, its nature is not well known.

In the history of cold fusion re-
search it has been considered necessary
to understand the nature of the thermal
neutron in the crystal. In this paper, the
stability of a neutron interacting with
nuclei on a lattice (lattice nuclei) is in-
vestigated qualitatively to show the im-
portant rol¢ of the neutron in solid state
- nuclear physics.

A neutron in a crystal

A thermal neutron destined to dc-
cay with the emission of an electron in
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Fig. 1. Energy bands of low energy
rieutrons in a one-dimensional solid with
lattice constant c.. Kronig-Penny attrac-
tive potential with zero width limit is
used. The parameter P = 3n/2, oo = (a)
1078, (b) V2 x 10¥ cm.
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about 900-s bchaves as a wave in a crystal, interacting with lattice nuclei. We will
treat three problems related with the ncutron in a crystal in this section.

Trapping in a crystal

The thermal neutron with energy 0.025 ¢V corresponding to a temperature of
300°K has a de Broglic wave length 1.80 A comparable to the lattice constants of
crystals. This is the reason neutron diffraction is widely applied in technology and
science using neutrons from the atomic pile. This situation also shows a possibility
of ncutron trapping in a crystal surrounded by another. crystal with a different
lattice constant.

A simple example of such a situation for trap ncutrons is shown in Fig. 1. The
ncutron band was calculated by one-dimensional Kronig - Penny model with an
attractive § - function potential with lattice constants a = (a) 10~® and (b) +v2 x 10~
8 cm. This model calculation shows clearly a shift of the energy band with a change
of the lattice constant. Therefore, in principle, a ncutron can be trapped in a crystal
surrounded by another crystal with an appropriate lattice constant.

The trapped neutron in a crystal could be expressed by a standing Bloch wave
with large amplitude at each lattice nucleus.

Stability against absorption by a nucleus

There is a possibility that the trapped ncutron in a crystal is absorbed by a
lattice nuclcus (from a Bloch wave to a nuclcon in a nucleus) only when the ab-
sorbed state has lower energy than before. Let’s formulate this problem.

If the kinetic and potential energies of the neutron in the standing Bloch state
are expressed as K, and Uy, and in the absorbed state as K, and U, respectivcly,
the uncertainty principle tells us a following relation between K, and the nuclear size Ax:

2 2
K,~ h z "~ h2 273
2m,(Ax) 2m,r,A
where r  is a constant length 1.2 x 10713 cm, A is the mass number of the lattice
nuclcus and m_ is the neutron mass (m, = 1.67 x 10724 g).

Then putting numerical values into parameters in this equation, we obtain a

relation between K, and the mass number A;
h* ]
K,~ Zn—"—r}—A 31434 (MeV)...ouernn 2

For A = 100, this relation gives K,~ 0.68 MeV. Therefore, the neutron Bloch
wave trapped in a crystal is stable against the absorption by a lattice nucleus if U,
is not larger than U, + 143 A?3 in MeV (U, + 0.68 MeV for A = 100);

Up=U, S143 425 i 3)
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This criterion excludes crystals with a nuclcus with a larger mass number
than a threshold value A | for effcctive trapping of thermal neutrons.

Stability against f# decay

A neutron may stably stay in a crystal unless it disintcgrates by 3 decay into a
proton, an electron and a neutrino, when it is {ree to go out or be absorbed by a
nucleus.

Let us assume that the neutron Bloch wave transforms into a proton Bloch
wave when it suffers f§ decay. Furthermore, let us estimate the stability of the
neutron wave by the neutron affinity of a nucleus 4 defined by the following
relation':

N=—CM =2 MY e 4)

Hcre, 2 M is the nucleus with a mass number A and a proton number Z com-
posing the lattice nuclei. This definition tells us that the neutron affinity is a quan-
tity expressing an energy difference of two nuclear states, one with an extra ncu-
tron and the other with an extra proton. The positive value of 1) means the former
is lower in energy and more stable.

For a crystal, we define the ncutron affinity of the crystal <n> as an average
of 71 over the lattice nuclei. Therefore, the neutron affinity of a crystal composed
of an identical nucleus is the same to that for the nucleus. Furthermorc, we may
assume that when a neutron is trapped in a crystal with a positive neutron affinity
<7>, then the neutron is stable against beta decay.

We have calculated <n> for elements using their natural abundance to take
an average and the result is tabulated in the Table 1 of the preceeding paper!.

Interestingly enough, almost all cold fusion matcrials have positive neutron
affinity where the thermal neutron is stable, as we assumed as its characteristic,

Effect of the stable neutron in crystal

The investigation given above is not at all rigorous nor quantitative. Even so,
it shows a possibility of the stable neutron in a crystal if some conditions are
fulfilled: (1) Trapping in a crystal by an appropriate configuration of crystals with
different lattice constants (or compositions), (2) Stability against absorption by a
nucleus, and (3) Stability against 3 decay.

Criterions for the conditions (2) and (3) are not deduced from the first prin-
ciples and cannot be totally valid. Until a more advanced treatment of these prob-
lems is accomplished, we should consider that the criterions are phenomenologi-
cal and have to be checked by experimental results. Let’s try to analyze some
cases for this check.

First of all, to illustrate a possible effect of a lattice on the phenomenon oc-
curring in the nucleus, let us take up an experiment? showing a change of decay
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constant of tritium. Though the mecha-
nism to reducc radioactivity of tritium
in titanium is not known yet, the cxperi-
mental results? show a possibility of the
change of decay time by the influence
of lattice nuclei and/or neutrons trapped
there, from our point of view.

Second, it is well known from cold
fusion experiments that materials show-
ing the cold fusion phenomenon by oc-
clusion of deuterium or hydrogen belong
to elements with a mass number less
than that of palladium (A ~ 106.4). This
shows from the criterion Eq.(3) that at
about this value of A, U, becomes larger
than ~ U, + 14.3 A‘f/3 (McV). This
means the threshold mass number A is
about 107;

Third, we can show a consisicnt
explanation of several cold fusion ex-
periments3-> by an assumption of the
trapped neutron.

In an elcctrolysis cxperiment with
a Ni cathode and Rb,CO, electrolyte in
H,0, a correlated gencration of excess
heat and shift of the Sr isotope ratio were
observed?. Assuming an existence of the
trapped neutron in nickel and using a
part of the experimental data, a consis-
tent explanation of the remaining data
was given®. And also the density N, of
the neutron in the sample was deter-
minedS: N, ~ 107 cm™3,

In an experiment* with a Pd cath-
ode and LiOD + D,O solution, the gen-
eration of excess heat and helium were
observed with correlation. The density
of the trapped neutron was determined’
from the experimental data: N, ~ 103
cm™,

In another experiment’ with a Pd-
black cathode instead of Pd rod in the
above experiment, a huge excess heat
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and a large amount of hchum genera-
tion (102° ~ 102! cm=3) were measured.
In this case, the analysis8 gave a ncu-
tron density of N~ 1015 cm.

These valucs depend on the as-
sumptions made in the calculation to
supplement unwritten or unknown fac-
tors in the experiments and may vary one
or two orders of magnitude. Even so, the
cxplanations obtained there are consis-
tent with each other and provide an in-
sight into the physics of cold fusion.

It might be possible to confirm the
existence of the trapped ncutron by a
neutron magnetic resonance (NMR) in
a sample like the Pd-black used in the
experiment® where the generated excess
energy and helium were highly repro-
ducible.

Conclusion

The cold fusion phenomenon has
disclosed several facets of solid state -
nuclear physics not noticed until a few
years ago. Onc of the most impressive
facets is the role of the thermal neutron,
which is abundant on earth.

The necutron is difficult to touch,
especially when its energy is thermally
low. It is easily absorbed by a nucleus
to produce a new stable or unstable
nucleus. It decays, emitting an ¢lectron
with an energy ~ 780 keV in about 900
s. The main part of the ambient neutron
may be lost, thus not damaging living
things.

On the other hand, looking at the
long history of the life on the carth, the
thermal neutron has been a part of the
environment, like the air and water to
which the life has accustomed itself.
Thermal neutrons must be widely and
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profoundly involved in the phenomena
around us. if we look at them with the
new eyes of scientists. Perhaps, an cra
of the thermal ncutron science has now
been uncovered.

(The author would like 10 express
his thanks to Messrs. M. Nomura, M.
Ohta and S. Yamashita for their help in
the preparation of this manuscript).
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Back Issues

~are running
out!

Your company or school library
should have a set of Cold Fusion back
issues, right? We've a few sets left, is-
sues 1, and 3-17, for only $80 pp. Oth-
erwise they’re $10 each.

As our initial supply of issues 4-18
runs out we will replace them with
photo-copies of the missing issues.

Remember, it only takes one good
idea to be worth many times the $98 12-
issue subscription price. Remember 100,
with the way it’s progressing, this prom-
iscs to be one of the largest industries in
the world in a few years. And that’s go-
ing to help generate a bunch of new
million- and billionaires. Early birds in
personal computers such as Bill Gates,
Steve Jobs, and others made billions.
The ground floor in cold fusion is still
cold and open for inventors and inves-
tors.

Foreign orders, pleased add $3 for
the ridiculously high postage.
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Peterborough NH 03458-1107

603-924-0058 - Fax: 603-924-8613

Books of interest

Alchemy Today(Vol.2) by Chris Illert: “A
beginner’s guide to hadronic circuit diagrams and
the secrets of cold fusion.” Profusely illus. 173p.
US$50. This is a gorgeous, big, heavy book.
Final Quantum Revelation by Kirl Chukanov:
“General theory of world organization.” This is
an epic work and includes info on cold fusion and
plasma power. 400p. USS$40.

Exploring the Physics of the Unknown Universe,
by Milo Wolff. The fundamental particles and their
relation to the structure of the universe. 251p
US$39.

Raptures of the Deep, by Fred Jueneman. An in-
tellectual tour de force covering the spectrum from
physics to folk lore. This is a marvelous book.
286p USS30.

Order from: Cold Fusion Book Dept. 70 North
202, Peterborough NH 03458-1107. Visa/MC are
okay. Add $5 per order for s/;Foreign add $10.
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