Abstract

An interesting experimental result
of neutron burst and an accompanying
production of carbon in dc glow dis-
charge as observed by Yamadaet al. is
analyzed here using a model in which
we assume fairly stable trapped neu-
trons in the crystal. The paramcter n_
(the density of the trapped thermal neu-
trons) was determined by the average
(maximum) rate of neutron emission
~900/230 min (180/3 min) in a burst
which lasted ~ 30 min as n_= 2.0 x
10'2 (4.6 x 10'*) cm™. The X-ray spec-
tra before and after the neutron burst had
shown the existence of oxygen in the
former and carbon in the latter. This data
was explained quantitatively by a trans-
mutation of **O into *C due to a reac-
tion n + ¥Q ="C +a.

1. Introduction

After the discovery of cold fusion?,
it has become e¢vident that nuclear re-
actions are occurring in some solid
materials, generating excess heat, tri-
tium, helium 4, neutrons and various
transmuted nuclei. Those data on the
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cold fusion including the generation of
excess heat, nuclear reaction products
(tritium, helium 4, neutron, etc.) and
transmuted nuclei had been analyzed
and a consistent explanation was given
by the TNCF model®.

The nuclear transmutation (NT) in
some solids generating new elements
and isotopes is widely recognized in
electrolytic and glow discharge experi-
ments. General features of the phenom-
enon of NT have been analyzed on the
TNCF model’. Recently, Yamada et al.®
had observed neutron bursts and the
production of carbon in dc discharge
with Pd electrodes.

The theme of this paper will be an
analysis of the above data® using the
TNCF model™ 1o give a possible consis-
tent interpretation of the phenomenon
of the neutron burst and the production
of carbon.

2. Experimental Results?

To confirm the cold fusion phe-
nromenon under glow discharge condi-
tion, a point-to-plane electrode configu-
ration in slightly pressurized (2 atm)
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deuterium gas for highly non-uniform
electric field was employed®.

A neutron burst took place in 2 runs
out of total 37 runs.

Using an optical microscope, a
black deposit was observed to cover the
tip surfaces of two positive Pd elec-
trodes which had been used in the runs
with neutron bursts. X-ray photo-elec-
tron spectroscopy (XPS) revealed the
black deposit to be carbon, mixed with
palladium on the surface of palladium
point electrode. The total amount of
carbon impurity in the Pd electrode and
in environment deuterium gas did not
account for the large amount of carbon
on the tip surface of electrode.

From Fig.3 in Ref.(8) of neutron
counts and the explanation given there,
we can take the average (maximum)
rate of neutron emission in the burst as
~900/230 min (180/3 min ). The total
numbers included in a burst were 10*
and 10° in the run A and run B, respec-
tively. And also, from Figs. 4 and 5 of
Ref. (8), of XPS (X-ray photo-electron
spectroscopy) spectra before and after
the neutron burst, we can estimate that
the relative number of oxygen atoms
in the surface layer as the same order
as that of carbon atoms (N N )

1). This estimation was certified by
Prof. Yamada® by his experience with
the thicknesses of oxygen and carbon
layers ( 2 ~ 3 nm) on the Pd surface.

3. Analysis of the Experimental
Data and Conclusion

The experimental data® introduced
briefly in the preceding section could
be explained by the TNCF model*” with
a presumption of the quasi-stable ex-
istence of trapped thermal neutrons in
solid sample.

When there are trapped ncutron in
a solid with a density n_, a ncutron in-
duces a fusion reaction with an occluded
deuteron generating a triton (Cross scc-
tion o, = 5.5 x 10* barn): (1)

n+d =1(698kcV)+ y(6.25MeV),

The number of the fusion reactions
(and therefore the numbers N and N
of generated tritons and photons, re-
spectvely) in a time 7 could be given
by a relation®

N =035nypVo 18 )

where V is the velume of the solid, € is
a numerical factor (with a value ~ 1 in
this case), and v_ is a thermal velocity
of the ncutron.

Next, a triton with 6.98 keV gen-
erated in the reaction (1) will react with
adeuteron to generate a helium 4 (cross
section o, of which is ~ 3 x 107 barn)
t +d =“He (3.5MeV) + n (14.1MeV).

3)

Also, the gamma photon with 6.25
MeV generated in the reaction (1) will
induce a dissociation of a deuteron (with
a cross section C,~25x 10~ barn and
the threshold energy of 2.2 MeV) sup-
plying a neutron to be trapped in the
sample:

7(6.25MeV)+d =n + p. 4

The number of neutrons 900 ob-
served in 230 min in the sample with
an initial D/Pd ratio of 0.6 and a vol-
ume 1.73 x 16-% cm? used in the experi-
ment gives the density of the trapped
neutron of 2.0 x 10'2cm using the re-
lation (2) for the number of gamma gen-
erated in the reactions (1) and the neu-
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trons gencrated in the reaction (4). For
the maximum rate ~ 180/3 min of the
neutron generation, we obtain a value
n® = 4.6 x 10'"* cm~ for the density of
the trapped thermal neutrons.

The number of neutrons generated
by the reaction (3) is smaller than that
by the reaction (4) by three orders of
magnitude in this case.

The neutrons with 14.1 MeV gen-
erated in the reaction (3) will induce a
dissociation of a dcuteron, also;

n(14.IMeV)+d =n+p+n. (5)

N(e)de of the X-rays from O be-
fore the neutron burst and that of from
13C after the neutron burst is confirmed.
This, reversely, will show reality of the
fundamental assumptions of the TNCF
model, i.e. existence of the quasi-stable
thermal neutrons in solid in an appro-
priate structure and its reaction with lat-
tice nuclel in special situations.

A possible mechanism of the neu-
tron trapping in Pd electrode (anode inth
is case) could be the band structure cf-
fect in Pd metal with PdO,_surface layer
with a thickness of ~ few nm.

The authors would like tc express
their thanks to Prof. H. Yamada for his
kind discussions on their data.
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