Hideo Kozima, Seiji Watanabe
Katsuhiko Hiroe, Masahiro Nomura
Masayuki Ohta

Department of Physics

Faculty of Science

Shizuoka University

836 Oya, Shizuoka 422, JAPAN

Abstract

Quantitative analysis of the elec-
trolysis experiments on the D,O +
LiOH using a palladium double-struc-
ture cathode with Pd-black and plati-
num anode. The huge excess heat and
a large amount of helium observed in
the experiment were analyzed using the
TNCF model. The density of the
trapped neutrons in the sample deter-
mined by the experimental data is con-
sistent with the value determined by
other data on the isotope shift.

Introduction

Among the experimental results of
the cold fusion phenomenon, the so-
called nuclear products are more quan-
titative microscopically than the excess
energy. In the data of the nuclear prod-
ucts there are a few excellent ones

showing quantitative results with good
reproducibility. The data by Arata et al*
reported recently show a high helium
density ~ 107 cm™ in their sample with
a fantastic structure designed with a
clever way to catch nuclear products.

The experimental data on the ex-
cess heat? and the above result analyzed
here using the Trapped Neutron Cata-
lyzed Fusion model is consistant with
the preceding analysis® of the isotope
shifts in the experiment with Rb elec-
trolyte*in H 0.

Summary of the Experimental
Results

We will give in this section, a sur-
vey of the experimental results'? with
a specially designed Pd cathode.

With a philosophy that when
nuclear fusion reaction occurs in a deu-
terated host solid, both huge fusion ¢n-
ergy and a large amount of helium as
the most important nuclear reaction el-
ement at least, should be simulta-
neously observed. Dr. Arata designed
a special type of Pd cathode using a
double structure with a cylindrical
closed container of Pd and palladium
powder (Pd black) contained in it. The
smallness (400 nm in diameter) of the
spherical particle of the powder made it
easy 1o attain the high D/Pd ratio of ~ 1.

Their experiments showed follow-
ing results.

(1) In the experiment measuring heat
they obtained such a huge excess en-
ergy of several hundred MJ/cm? for
several months from the Pd-black
sample. '

(2) After three years they analyzed the
sample which generated the large excess
energy and obtained a large amount of
helium as high as 10?° ~ 10 cm.



Because of ambiguity in their pa-
pers we have Lo assume concrete nu-
merical values for the amount of ex-
cess energy and duration of the elec-
trolysis so we can analyze them nu-
merically to give the neutron density
in the sample in orders of magnitude.
We will take following values: the
amount of excess energy 300 MJ in the
time of the experiment 3 months on the
end of 1992, 3 years before the helium
detection.

Theoretical Explanation of the
Experimental Results by TNCF
Model

1) Fundamental relations

Using the TNCF model®, it is pos-
sible to analyze experimental results
obtained in cold fusion research. To
analyze the data summarized in the pre-
ceding scction, we can use following
reactions: ’

n+°Li =*He(2.1 MeV) + #2.7 MeV), (1)
t+d =*He 3.5 MeV) + n (14.1 MeV) (2)

The reaction (1) is induced by thermal
neutrons trapped in the sample (and
neutrons from outside) with a cross sec-
tion ~ 1 barns and a reaction energy 4.8
MeYV at the outer surface of the double-
structure cathode where PdLi alloy and
Limetal layers are formed by electrolysis.

Reaction (2) is induced by tritons
generated in the reaction (1) and di-
rected inwards with a cross section ~ 1
bam (at a triton energy more than 0.1
MeV) and an reaction energy 17.6
MeV.

The tritons generated in the reac-
tion (1) go out from and into the sample
according to the initial direction. For

simplicity and order of magnitude cs-
timation, let us take a half of the tri-
tons generated in the surface layer go
into the sample without loss of encrgy
in the layer.

Then, the tritons interact with the
deuterons in the Pd lattice and induces
the reaction (2). We can calculate the
fusion probability using numerical data
in nuclear physics.

The neutrons generated in the re-
action (2) interact with deuterons and
Pd nuclei. High energy neutrons make
mainly elastic collisions, losing energy
to become a thermal neutrons. A deu-
teron accelerated by the elastic colli-
sion with the neutron can make inelas-
tic or fusion reactions with another deu-
teron or nucleus generating energy and
particles.

Neutrons generated in this process
supply thermal neutrons to maintain the
fusion reaction (1).

2) Relations related with present ex-
periment.

Now, let us consider numerical re-
lations in the reaction occurring in the
system of Arata’s experiment.

Let us define a probabilities P, and
P, of the occurence of reaction (2) in
the sample and in the electrolytic solu-
tion, respectively, following the reac-
tion (1):

©))
@

P,={pLo,
P,=(pLa,

where { and {’ are number ratios of tri-
tons going inwards and outward to gen-
erated, p and p’ are the densities of pal-
Jadium in the sample and in the solu-
tion, L and L’ are the linear dimensions
of the sample and the solution, respec-
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tively, and o, is the fusion cross sec-
tion of the reaction (2) at an energy
range from 0.1 ~ 2.7 MeV. We have
values pip’ = 2.2, J¢' ~ 1 for the pa-
rameters. Then assuming L/L" = 2 for
the order of magnitude estimation (tak-
ing into consideration of triton chan-
neling in crystal), we have P, = P,. For

- simplicity, we will take up only reac-
tions occurring in the sample, hereaf-
ter.

For one reaction (1) occured, the
reaction (2) in the sample will occur P,
times and some of the neutrons (7) out
of 1) generated here will induce sev-
eral reactions between deuterons and
lattice nuclei. Denoting energy gener-
ated by the neutron as 7, total en-
ergy e generated by the successive re-
actions started from the first reaction
(1) is expressed as follows:

£=0,+P,(Q,+10). )

In this equation we put values @, = 4.8
MeV and Q,=17.6 MeV, respectively,
assuming all energy is generated by re-
actions (1) and (2) is thermalized in the
system.

The total excess energy generated
in the sample through the time T, in
which occurred N events of the reac-
tion (1), is given as: ‘

E=Ne¢g ©)
The number of helium atoms N, cre-
ated in the sample is given, then,

N,=nV=NP, )
where n, is the density of the generated
(and remaining there) helium atoms and
V is the volume of the sample.

Let us estimate the number v, of

the reaction (1) in unit time. Because
we consider the reaction (1) induced by
the trapped thermal neutron in the
sample, v, is given as follows:

v = N b vhpus'losam’

®)

where 0.35N u_is the flux density of
the thermal neutron (cm?s), N_and u_
are the density and the thermal veloc-
ity of the trapped neutron, respectively,
[, and S are the width and the area of
the surface layer of the cathode where
lithium is absorbed forming PdLi al-
loy (or precipitated as Li metal), r  is
the density of SLi nucleus in the layer
and is the fusion cross section of the
thermal neutron with Li nucleus.
Then, the number v, of the reac-
tion in unit time is given as follows:

v2 = vl P2

&)

Between these quantities defined
above, there are following relations:

N=1uT

L] 2

(10)

N=vT (11)
where T'is the time where the reactions
(1) occurred.

From experimental conditions de-
scribed in the papers'? we can use fol-
lowing values for parameters related
with experimental condition:

v, =27x10°cm/s 6, ~1 ban
0, ~ 1 bamn

V=0.68¢m’ p=6.8x10%cm?
P = 3.5x10%cm?

for Li metal. (For PdLi substitutional
alloy, the value differs a little.)
About the time T for the reaction



(1), we have 10 include the period where
no electrolysis was performed, because
in our model there occurs fusion reac-
tion (1) if the wapped neutron and °Li
exist. Therefore, we have to take into
" our calculation the interval of about 3
years between their energy and the he-
lium measurements. So, we takeas T =
6x 10" s.

Then, for the total energy E, we
multiply a factor 6 to the value ob-
served in the measurement of several
(1aking as 6) months:

E=3x10°).
Using the observed value n, = 10 cm™,
we obtain total number of helium atom
in the sample of 0.1 mol palladium:
N,=7x 10"
This number and the time T give us the
value v, by the relation (10),
v,=1.16x 10257,
Then, we can get v, by the relation (9)
with the value of P, = 0.034 calculated
using L =1 cm:

P=0.0034, v =34x10"s"
Dividing E given above by N = v T =
2.1 x 10%, we obtain €

e=E/N=15x10?]=9.2 MeV.
This value gives us with use of the re-
lation (5),
nQ,=1.1x 10* MeV
The value of 4 is not determined by this
treatment.

Furthermore, using the value v,
given above in the relation (8) and S =
3.1 cm? assuming a cubic sample con-
taining 0.1 mol Pd, we canestimate N A

N ,=34x10"cm?
Here, we have made an assumption that
N_ is constant throughout the experi-
ment. Then, assuming the width of the
surface layer as 10~ cm, we obtain
N ~3x10%.

In reality, the assumption of con-
stancy of the N_is not true. N, varies

and it makes v, and the power gencra-
tion to fluctuate. Especially, in the pe-
riod of interval where no electrolysis,
N_may decrease by the decreasc of Li
nucleus in the surface layer. We have
to notice also that this value of the dcn-
sity is for neutrons contributing to the
reaction (1). There might be more neu-
trons in the particles of Pd-black
sample. The density in the particle
should be one or two orders of magni-
tude higher than this value.

3) Comparison of the result with the
case of isotope shift.

In a previous paper®, we have ana-
lyzed an experimental data of the
nuclear transmutation with Ni cathode
and Rb electrolyte in light watcr. The
decrease of the ratio ®Sr/**Sr in the ex-
periment was consistently explaincd
and the density of trapped neutrons in
the cathode was determined as about
10° cm when the duration of the cx-
periment was assumed as 10 days. This
value is compared with the value ob-
tained above, N, ~ 10" with the as-
sumption A, ~ 10* cm. In the case of
Pd-black cathode, there are much ex-
cess energy and we understand the high
value of the neutron density in it.

On the other hand, we gave a semi-
quantitative analysis of the data show-
ing a correlation of the excess heat and
helium generations’. In the analysis, we
determined the number of events with-
out to the events with helium genera-
tion as ~ 6. This value is compared with
a ratio:

nQ,/Q, ~110/8 ~6
The agreement of these values in the

order could be taken as a positive evi-
dence supporting the model.



Conclusion

The analysis given above shows
clearly that the experimental results
obtained by Arata et al'? are reasonable
in the light of conventional physics with
one assumption on the property of neu-
trons in a crystal lattice. A condition for
the realization of the excess energy gen-
eration described in the paper! that itis
necessary 1o give preliminary electroly-
sis for at most several months is inter-
preted in our model as the time to ac-
complish the condition to maintain
enough neutron density in the sample.

One of several remarkable experi-
mental results with fixed parameters
related with the condition employed
gave us an insight into the physics of
cold fusion through the analysis, even
though there remains some ambiguity
in parameters used in calculation.

When the necessity is recognized
to fix the necessary parameters, it is
possible to determine and describe
them in the paper. Improvement in the
description will make the analysis more
quantitative.

Ina preceding paperé, we have ana-
lyzed the experimental data on the heat
and helium generation and obtained
consistent results with that obtained
here, as shown in the last section. Nu-
merical consistency in the analysis of
the isotope shift*and that given here
substantiate the reality of the TNCF
model.

It will be possible for us to ana-
lyze any experimental data when the
pertinent parameters are known. A most
interesting phenomenon is the Paterson
cell. We hope the details of the action
of the cell in time and space (structure)
become available.

The authors would like to express
their thanks to Prof. A. Takahashi of

Osaka Univ. for the precious discus-
sions through this work.
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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 Kiril 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 US$30.

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





