Synopsis

The experimental NAA data of the
transmutation products in thin-fitm Pd
layer of 200 pm deposited on 1 mm
microspheres (MS) of polystyrene were
analyzed using our TNCF model. The
observed elements: Al, Cu, V, Ni, Fe,
Co, Cr, Zn and Ag, are interpreted as
fission products of the trapped neutron
catalyzed reactions of Pd.

1. Introduction

In the experimental data of the cold
fusion phenomenon, several results
identifying new elements in the elec-
trodes that appeared to be transmuta-
tion products have been obtained. We
have analyzed some of them!? using
the TNCF model, which has been used
to give a consistent interpretation of
~ themany experimental data obtained in
the cold fusion research since its dis-
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covery. In these analyses, it was pointed
out that the nuclear transmutation ob-
served in the experiments should be
divided into two categories if the iso-
tope products are to be explained by
usual nuclear reactions: a) nuclear
transmutation by decay and b) nuclear
transmutation by fission. The former is
the nuclear transmutation induced by
the beta or alpha decays of a nucleus
after absorption of a trapped neutron
in the material. The latter is that in-
duced by a fission of a nucleus after
absorption of a trapped neutron.

The experimental result by Miley
et al.* is a remarkable one due to the
number of elements resulting and their
amounts. There are more than ten ele-
ments in the list of transmuted nuclei
determined by NA A (neutron activation
analysis) and by SIMS (secondary ion
mass spectroscopy). There are cri-
tiques®® of the data analysis given in
the paper* and we have to be careful to
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Element Al | Cu |V Ni {Fe [Co [Cr [Zn | Ag
Yield (x 10=% ug/MS) 233 | 277 | 4.06 | 388 | 153 | 2.18 | 60.4 | 806 | 70.6
No. of atoms (x 10"7% /MS) [[ 520 | 262 | 4.80 | 398 | 165 | 223 | 699 | 742 | 39.4

Table 1: Elements detected by NAA and their amounts per microsphere,

treat the data given there. We analyzed
the experimental results by Miley et
al.4, taking the critiques by Murray**
into consideration and reached our con-
clusion that the NA A data are valuable
for analysis using our model, while the
SIMS data are too ambiguous to be
analyzed.

Following is our result of analysis
of the data on the Pd samples by Miley
et al. which shows probable fission of
nuclei in the thin film of Pd on the sur-
face of polystyrene microspheres (MS)
induced by the trapped thermal neutron
init.

2. Experimental results

The electrolytic experiments with
cathodes of the packed-bed cell (about
1000 microspheres (MS’s)) in a elec-
trolyte 1M LiSO4 + H,O were per-
formed with nickel, palladium and Pd-
Ni multilayer cathodes and titanium
electrodes. Voltages across the bed
were held at about 2 - 3 V, with several
mA of current, giving an electrical in-
put power of approximately 0.06 W.
Inlet-outlet thermocouples provided a
measure of the temperature increase of
the flowing electrolyte. Positive but
often very small increases in tempera-
ture across the cell ranging from 0.1 to
4°C were observed in all cases.

We take in this analysis only Run
#11, where a Pd of 200 um thin-film
was on the polystyrene microsphere.
The volume and mass of the film was
7.05 x 107 cm™ and 8.46 x 10 g, re-
spectively. The number of Pd atoms

in the film was 4.76 x 10,

The analysis of the sample
microspheres by NAA after an experi-
ment that lasted 211 hours showed the
appearance of elements with yields
shown in Table 1.

3. Analysis of the data using the
TNCF model

According to the TNCF model, as
given before™, we assume a quasi-
stable existence of the trapped neutrons
with a density n_in the cold fusion
material, which is the Pd thin-film for
this case. Our supplemental premise
demands that the trapped neutrons react
with nuclei in the material according
to the accepted scheme of nuclear phys-
ics with the same cross section for the
reaction in the surface layer and with
1 % of it in volume.

To interpret the data given in Table 1,
we take only relevant reactions ar, fol-
lows(A"=A-A"+1),

n+4 Pd= ".”“Pd ) 0))
AH“Pd =::”Al + '::BAS, 2)

=%, Lo Cl ()

=N VNV @)

= A:mNi + A:mAr 5)

= :.uFe +4. . Ca  (6)
=4,Co+~ K )

=N Cr+~Ti (8

= A'”Zn + A'ws (9)

=AM Ag+ e+ v,. (10)

The mass number A for the stable
isotopes are 102, 104, 105, 106, 108
and 110, with abundances of 0.96,
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10.97,22.33,27.33, 26.71 and 11.81 %,
respectively. If the intermediate nucleus
A+1Pd is unstable, i.e. A = 102, 106,
108 and 110, the above fission reactions
(2) ~ (10) into two nuclei with mass
numbersA'and A" =(A-A'+ 1) occur
with respective decay constants.

There are some experimental facts
showing an acceleration of nuclear reac-
tions in the surface layer of materials,
including the trapped neutrons. An ex-
ample interpreted by acceleration of
beta decay was observed for K. Tak-
ing into this account, we assume in the
following analysis that the reaction
constants of the above fission or decay
(reactions (2) ~ (10)) are all very short
and can be taken as zero in the calcula-
tion.

The number of events N, , in a unit
time of the reaction (1) generating the
unstable isotopes A*'Pd is expressed
using the TNCF model as follows;

N,,=0351yN, 3(o,P,), (11)

where 0.35 n_v_is the flow density of
the thermal trapped neutron, n_and v,
arc the density and the thermal velocity
of the trapped neutrons, respectively,
N, is the initial number of Pd atoms
(= 4.76 x 10'/MS) o, and P, are the
cross section of thermal neutron ab-
sorption for the reaction (1) and the
natural abundance ratio of the isotope
APd, respectively. The cross sections are
given in the nuclear physics data book
as 0, = 3.363, 3.03 x 107, 8.50, 42.27
x 107 b for A= 102, 106, 108 and 110,
respectively. The summation in the re-

lation (11) is over A for unstable iso-
topes A*'Pd.

Using the data for the decreased
number of Pd atoms, or total number
of generated atoms in Table 1, i.e.
N, = 3.05 x 10, we can determine
the adjustable parameter n_ by the re-

lation (11) as follows;
n, =4.5x 10" cm>.

We can guess the branching ratios
of the reactions (2) ~ (10) if we have
the isotope ratio of the generated ele-
ments. However, we have only the
number of elements as given in the
Table 1 and we can calculate only an
average of the branching ratios over A
and A' from them. Unfortunately, we
have no data about the branching ra-
tios for the isotopes or elements as a
whole in the published data books. The
average branching ratios calculated by
the above data are given in Table 2. If
we know branching ratios of the reac-
tions (2) ~ (10) for relevant A and A,
we can check above treatment based on
the TNCF model.

This table shows the same tendency
observed in the branching ratio of fis-
sion products of a composite nuclei
formed by the n + U absorption re-
action that the larger the difference of
masses of product nuclei is, the larger
the branching ratio of the fission reac-
tion is, although this fact is not as yet
explained. It is interesting to notice the
same strange tendency is seen in the
nuclear transmutation by fission as in
the cold fusion phenomenon.

Generated Element Al

Cu |V Ni|Fe | Co|Cr| Zn | Ag

Average Branching Ratio (%) || 17

86 {016 |13 [ 5417323 |24 |13

Table 2: Average branching ratios over A’ of the reactions (2) ~ (10) generating
transmuted nuclei observed in the experiment.
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4. Discussion

The nuclear reactions investigated
after the discovery of radioactivity by
Becquerel and artificial nuclear trans-
mutation by Rutherford until ten years
ago have mainly been in vacuum or in
materials without trapped neutrons. The
reactions are between particles with or
without electric charge and are funda-
mentally a two-body problem. Consid-
erable data about nuclear reactions has
been accumulating.

However, the nuclear reactions ob-
served in the cold fusion materials are
very different from those investigated
hitherto as a two-body problem. If we
remain in the field of modemn physics,
which we think is an appropriate ap-
proach as far as we can use it effec-
tively, the only factor we have not used
effectively is neutrons in the material.
Neutron interaction ‘with matter has
been investigated as a tool for material
analysis and as a method to maintain
the fission reaction in atomic piles. Due
to the difficulty of controlling the be-
havior of neutrons, the science of neu-
trons in materials has been left almost
untouched until the discovery of the
cold fusion phenomenon.

The cold fusion phenomenon has
been a controversial theme of popular
science, but not of serious physicists,
mainly due to the complexity of events
and its secrecy dictated by potential
patents. The various experimental data
piled up in these ten years, however,
show clearly the existence of new sci-
entific facts in materials which include
hydrogen isotopes placed in the pres-
ence of background neutrons which is
estimated at™® as many as 10 n/m? - s
for each thermal and epithermal neu-

tron. We hope that our work could be a
slow-but-steady step toward the final
goal to construct physics of the cold
fusion phenomenon
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