An explanation of the experimental data show-
ing excess heat and gamma emission which was
obtained in a PdO/Pd/PdOID(H) heterostructure

Abstract

A cold fusion experiment generat-
ing various effects in PAO/Pd/PdO
sample deuterated (hydrated) by the
electrochemical method was analyzed
using the TNCF model. The density of
the trapped neutrons was determined
by the amount of the excess heat, at
most 2.0 x 10" cm™ cm. The gamma
signals at energies of 3.8, 6.3 and 2.22
MeV observed in the experiment were
identified as due to the neutron-nuclei
fusion in the sample.

1. Introduction

The cold fusion phenomenon in
various systems with hydrogen and/or
deuterium has been widely and thor-
oughly investigated in these almost 8
years and the essential parts of the
phenomenon has been confirmed.
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In the experimental data of the cold
fusion, gamma spectrum has recently
been observed with high precision*™ In
the analysis of these data, we have given
a consistent explanation® of gamma rays
atF_ =511 keV and a nuclear transmu-
tation of ¥K into “K. In arecent paper®
showing the excess heat and gamma
spectrum, there was observed an excess
power of 1.5 t0 2.5 W and clear gamma
peaks in a range up to 7.5 MeV in Pd/
D(H)/Li system. In the analysis of the
data obtained in Pd/D/Li system®, where
a gamma spectrum in the energy range
of 0.1 - 7.5 MeV was measured, we
have confirmed fusion reactions be-
tween thermal neutrons and nuclei in
the cathode®. In the report’ of
RCCFNT4 (4 th Russian Conference on
Cold Fusion and Nuclear Transmuta-
tion), one of the authors (H.K.) had
given a description of the fact and an
explanation of the data! using the TNCF
model.
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In this paper we will give a consis-
tent explanation of the excess heat and
three gamma peaks obtained in the PdO
heterostructure? in relation with nuclear
reactions.between nuclei in the sample
and the trapped neutron, on the TNCF
model. A possible explanation of the
electrophysical processes observed in
the experiment will be given.

2. Experimental Facts

1) Excess heat, 2) neutron emis-
sion, 3) gamma spectra and 4)
electrophysical processes were mea-
sured in the heterostructure cathode
saturated with D(H) by electrolysis of
(I) D,0+NaOD and (II) H,0+KOH
solution. Thickness of Pd sample was
50 um and PdO coating was 500A.

It was shown that Pd/PdO:D,_ at
x £ 107 possessed metallic conductiv-
ity in the temperature range of 4.2 -
300°K.

(1) Excess Heat

A strong heat flush with a duration
of 2 - 7 s and energy density of 60 - 100
J/cm? was observed in the after-clec-
trolysis period for a Pd/PdO:D(H)
sample placed in air atmosphere. The
thermal energy of each flash was ap-
proximately 2 - 5 times higher than the
energy supplied to the sample during
electrolysis. Neutron and y-emissions
accompanied the heat production.

(2) Neutron Emission
The neutron emission had a burst-
like character (with intensity up to
,=35x10%n/cm? in a time of 1 ms)
and preceded the heat evolution.

(3) Gamma spectrum
The gamma emission was detected

in the process of deuterium desorption
from the sample with intensity maxima
n the ranges of 3.8 £0.5,6.3£0.2 MeV
as well as the sharp low intensity line
of 2.22 MeV (width of about 10 keV).

(4) Electrophysical Processes

Electroconductivity and the varia-
tion of linear dimension of the sample
were measured upon deuteration and
desorption procedures, and the deute-
rium localization in cluster form at the
Pd-PdO interface was established.

It was shown that Pd/PdO:D_
samples at x < 107 possessed a metal-
lic character of electric conductivity in
the temperature region of 4.2 - 300°K.

3. Analysis of the Experimental
Data

The number of events N_in a time
7 of the fusion reaction between the
trapped neutron and the nucleus x is
given by a following relation:

N =035nyp Vo & 1)

In this relation, 0.35n v_is the neu-
tron flux per unit area and time, p_is
the density of the nucleus x in the vol-
ume V, o, is the cross section of the
fusion reaction. The adjustable factor &
is introduced to take difference of the
neutron stability in the sample into our
consideration® suggested by an experi-
mental data on the nuclear transmuta-
tion in the volume?®. We will use values
of £=0.01 in the volume (PdD) and
& =1 in the surface layer (PdO/D and
alkali metal layer if any) where the neu-
trons are less stable.

Considering abundance and fusion
cross section of the nucleus, the effec-
tive reactions in the Pd/PdO:D cathode
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could be taken as follows:

n+p=d+v(222MeV), 2)
n+d=1+7v{625MeV), . (3
n+ "0 =0+ y(395McV), @)
n+'%Pd =1'%Pd + y(9.6 MeV), (5)
n+'%Pd ='Pd + y(6.2 MeV), (6)

The natural abundance of the iso-
tope '*0 is 0.204 %, and the fusion cross
sections of the reactions (2), (3) and (4)
are0.3,5.5x 10*and 2.1 x 10~ barn at
room temperature, respectively. The
natural abundance of the isotopes ap-
peared in the reactions (5) and (6) are
22.3 and 26.5%, respectively, and the
cross sections of these reactions are 20.3
and 8.5 barn at 300°K, respectively.

Using the relation (1) for the num-
ber of events with £ = 0.01 in the vol-
ume and = 1 in the surfacc layer(s), we
obtain the density of the trapped neu-
tron in the Pd film from the maximum
and minimum exces$ heat data of 100
J/em¥2 s =75 W/cm? and 60 J/cm?/ 7 s
= 8.6 W/cm? as n_= 2.0 x 10" and
2.3 x 10 cm?, respectively, in the pe-
riods of events, _

The gamma peaks at 3.8 £ 0.5,
6.3 0.2, and 2.22 MeV should be
attributed to the reactions (4), (3) and (2),
respectively. It will be possible to give
more quantitative analysis if we know the
intensities of these peaks numerically
using the value of n_ determined above as
we did in the analysis of the data
obtained in a porous Ni sample®. It is
also noticed that the peaks at 2.2 and
6.3 MeV had been observed in another
experiment’ in the Pd/D/Li cathode.

The metallic electric conductivity
of the sample used in this experiment
can be explained as a result of the
alkali metal layer supposed to be depos-
ited on the surface of the sample in the

electrochemical process of dcutcron
(proton) saturation.

4. Discussion

The gamma rays observed in this
cxperiment? shows the unambiguous
evidence of the fusion reactions between
a neutron and nuclei in the system and
also the existence of neutrons in the cold
fusion materials. The ncutrons could be
considered as the trapped neutrons
assumed in the TNCF model.

The density of the trapped neutrons
2.0 x 10" cm™ at most is determined
by the maximum amount of the excess
heat and is consistent with other values
determined in diffcrent materials®.

The cxperimental data of the neu-
tron burst and heat evolution observed
in this experiment shows that the
nuclear events generating the neutrons
is an origin of the excess heat genera-
tion not only by the amount but also by
the time order.

There should be thin layers of
alkali metal on the surface of the sample
deposited in the process of the electro-
chemical saturation of the sample with
deuterium (hydrogen). Then, fusion re-
actions of neutrons with nuclei of the
alkali metal might give a large influence
for the numerical value of n_determined
above taking into only Pd and PdO
layers in the sample and lower its value.

We have (0 take into account a process
of the photo-disintegration of deuterons
to analyze numerically the experimental
data of neutrons as a breeder of neu-
trons in the cold fusion process:

Y+d=p+n. €))

The threshold energy of this reac-
tion is about 2.22 MeV and the cross
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section has a broad peak at about4 MeV
of 2.5 m barm®. The neutron burst ob-
served n this and other experiments
should be relevant with this neutron
generating process.

More gencrally, it is necessary to
consider photo-disintegration of a
nucleus M with a mass number A
though the cross section is small when
the mass number A of the nucleus is
large:

7Y +*M ="M+ )]

This reaction will work as a ncu-
tron breeder and also as a mechanism
to lower the mass number in NT
(nuclear transmutation).

In conclusion, we could say that |

complex data obtained in the experi-
ment'? where the observed events in a
sampic with heterostructure have been
explained consistently, at least partially,
by using the TNCF model which as-
sumes existence of the irapped neutron
in the sample. The density of the trapped
nieutron determined from the experi-
mental data of the excess heat is in the
range between 2.3 and 20 x 102 cm™?,
the same order of magnitude obiained
in other samples in the cold fusion
experiments,
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Books of Interest

Alchemy Today(Vol.2) by Chris Ill=rt: “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. You will love it!

Final Quantwn Revelation by Kiril Chukanov:
“General theory of world organization.” This
1s a strange (epic) work and includes info on
cold fusion and plasma power. 400p. US$35.
Exploring the Physics of the Unknown Uni-
verse, by Milo Wolff. The fundamental par-
ticles and their relation to the structure of the
universe. 251p US$39.

Raptures of the Deep, by Fred Jueneman. An
intellectual tour de force covering the spectrum
from physics to folk lore. This is a marvelous
book. 286p US$30. I highly recommend it!
Order from: Radio Bookshop, 70 Nonth 202,
Peterborough NH 03458-1107. Visa/MC are
okay. Add $5 per order for s/h; Foreign add $10.
Fax: 603-588-3205.
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