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Abstract

The trapped neutron catalyzed
model for cold fusion (TNCF model)
was used to analyze experimental data
showing tritium and neutron generation
in an electrolytic system composed of
2 Pd cylindrical cathode, a Ptanode and
an LiOD + D,0 electrolytic solution.
The density of the trapped thermal neu-
trons n_was determined from the
amount of tritiam observed in the so-
lution as 10° cm™. The density n_was
used to calculate the number of high
energy neutrons to be observed in the
experiment giving the ¢/n ratio 6 x 10°
aresult consistent with the observation
8.7 x 104,

Introduction

The experimental data piled up in

these seven years after the report of an
observation of the gigantic excess heat
in an electrolytic system have shown
us the wide-spread existence of condi-
tions which result in the so-called cold
fusion in solids. These data waiting ex-
planation on a common base have been
a target of eager scientists who have
been excited by the interesting features
of the cold fusion phenomenon. One of
the present authors (K.H.) has been en-
gaging in construction of a conceptual
framework reconcilable with the abun-
dant and complex data of cold fusion.
A model named TNCF (irapped neu-
tron catalyzed fusion) proposed by him
has been applied for analyses of sev-
eral typical experimental data and
proved its ability to explain the phe-
nomenon consistently. The data
collectred until now include the excess
heat Q and helium generation**, Q and
nuclear transmutation (NT)*?, Q, tri-
tium and neutron generation® and the
large excess heat with high qualitative
reproducibility®®,

It is well known that tritium is one
of main nuclear products together with
helium and neutron. The amount of the
tritium exceeded that of neutrons by a
factor of five to eight, though the mea-
surements were difficult to do simulta-
neously.

There were simultaneous and
quantitative measurements™ of tritium
and neutron which were analyzed by
TNCF model as will be reported.

Experimental results

In the experiment" with alterna-
tion of several modes of electrolysis,
an on-line measurement of tritium and
neutrons was conducted for 80 days.
The electrolytic cell contained a Pd
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Fig. 1. Sampling data: Evolution of tritium level in electrolyte.

cathode (20 mmg x 30 mm, a surface
area § =25cm?), aPtanode and 11 D,0
+ 0.3 mol/1 LiOD. The modes of elec-
trolysis were a sawtooth (35 days), the
second sawtooth (6 days), the third
sawtooth (8 days), L-H mode (21 days)
and another sawtooth (9 days), succes-
sively.

At first, the cell generated neutrons
only occasionally until a lot of tritium
had been generated after 60 days from
the beginning for about a month as secen
in Fig. 1 (Fig. 5 of the original paper™).
Total number of neutrons with energies
245and 3 ~7 MeV was 6.8 x 10¢ while
that of tritium measured in the solution
was 4.2 x 10", This result gives an
overall t/n ratio of 8.7 x 10°.

The data will be analyzed on
TNCF model in this paper giving a den-
sity of the trapped neutrons in the PdD
cathode and a consistent explanation of
the cold fusion phenomenon occurring
there as shown in the next section.

Experimental data explanation
using the TNCF model

The TNCF model? assumes a
stable existence of thermal neutrons in
acrystal having characteristics for ncu-
tron trapping; 1) the crystal is sur-
rounded by “walls” with an appropri-
ate geometry to reflect thermal neutrons
in the Bloch state by the difference of
neutron band structures in the crystal
and in the walis, 2) the neutron affinity
of the crystal is positive and large
enough to stabilize the neutron Bloch
wavc against §decay of the neutron and
also against absorption by a nucleus in
the crystal.

If a crystal has such properties and
contains thermal neutrons, the neutrons
stay in the crystal forever. The neutron
could be considered as standing wave
in a finite volume: a superposition of
travelling waves with wave vectors of
the opposite direction. Each travelling
wave is reflected at a boundary with
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penetration of a short distance.

A large disorder in the periodicity
of the crystal potential for ncutrons will
work as a perturbation on the neutron
Bloch wave to destroy its stability re-
sulting in absorption by a nucleus caus-
ing the disorder. We will treat, for sim-
plicity, minor elements in the crystal as
impurities interacting with the neutron
to fuse with it. As the minor elements,
we take deuterons in Pd lattice and ¢Li
nuclei in the Li layer on the surface of
the Pd cathode.

According to the presumption of
TNCF model, we assume an existence
of stable thermal neutron with density
n_in the cathode. The neutron can be
absorbed by a deuteron there or bySLi
nucleus in the surface layer with a
thickness 4, (we take it as 1 um in the
numerical estimation bclow).

Then, relevant nuclear reactions
are listed as follows;

n+%Li = ‘He 2.1 MeV) +1 (2.7 MeV), (1)
1 (2.7 MeV)+d =*He(3.5 MeV) + n(14.1 MeV),(2)
n+d=1(27 MeV) + 7 (6.25 MeV), 3)
d +d =*He (0.82 MeV) +n (2.45 MeV), (4)

=1(1.01 MeV) + p 3.02MeV).  (5)

The cross sections for the first three re-
actionsares_  ~1,5 ,~14x10" and
5, .~ 9 x 10* barns, respectively. (1 bamn
=10% cm?)

In the experiment!, tritium was
observed only for a month in the final
period as shown in Fig. 1 where used
the L-H mode. So, we can calculate nn
assumed as a constant throughout the
period by a following relation between
tritium number N and n_

N=035nvy n ,ASs, T,

where T is the duration of the tritium
generation, 4, = 10* cm, n_, = 3.5 x

10# cm™ and v, =2.7x 10° cm/s (T =
300° K). Using parameiers given
above, we obtain

n ~3x10°cm?,

This value of the density of the
trapped neutron is compared with val-
ues obtained in the analyses of other
experiments; n, ~ 10’ cm® in  Ni -
Rb,CO,+H,0 system generating excess
heat and nuclear transmutation (NT) of
Rb into S, n, ~ 10" cm? in Pd -
LiOD+D, 0 generating excess heatand
NT of Al into Si’, n_ ~ 10" cm in Pd -
LiOD+D,0 generating *He and cxcess
heat!, and n, ~ 10**cm™ in Pd-black -
LiOD+D, 0 generating excess heat and
tremendous *He?.

These results show that the rcla-
tive efficiency of neutron trapping in
the crystal is higher in samples with
smaller size.

On the other hand, the tritium gen-
erated in the reaction (1) has an energy
of 2.7 MeV and can make fusion reac-
tion (2) effectively to generate a neu-
tron. Taking the range of propagation
of the triton with 2.7 MeV as 1 um, we
obtain the number of the generated neu-
trons as 1.9 x 10 ftritium (¢/n = 5.3 x
10°). This value is compared with the
experimental value of overall ¢/ ratio
8.7 x 10*. The coincidence is fairly
good if we notice that there are some
other mechanisms generating neutron
except tritium which lower the theoreti-
cal value of the t/n ratio.

Let us now investigate mecha-
nisms of the neutron generation ob-
served in the experiment™ without tri-
tium,

The energy of the observed neu-
tron was 2.45 and 3 ~ 7 MeV. This fac
shows that the mechanism of the neu
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tron generation is not restricted to the
direct d - d reaction (4) responsible to
the 2.45 MeV neutron which can occur
effectively only for a high energy deu-
teron accelerated by a collision with
14.1 MeV neutron.

About the observed amount of the
neutrons, the emission was only for 3
days after 15 days from the start and
slight (20 % up over background (BG)
level ~ 0.04 /s). Then, it reached an in-
terval where no neutrons were observed
for 20 days.

Changing the mode of the elec-
trolysis, higher excess neutrons were
obtained reaching 1.6 times the BG
level at a period where also observed a
lot of tritium. This behavior of neutron
cmission is too complicated to analyze
completely by the simple model we
uscd for the determination of the neu-
tron density n_from the number of ob-
scrved tritium atom, We will give some
speculations on the simple facts in these
data.

The neutrons observed together
with tritium could be interpreted as gen-
erated by tritium with 2,7 MeV react-
ing with deutcrons in the sample as dis-
cussed above which gave a reasonable
value of t/n ratio. Some neutrons, how-
ever, were observed independent of tri-
tium in the experiment™. It is therefore
necessary 1o take up other mechanisms
responsible to the generation of neu-
trons in Pd/D system without tritium
generation measured outside the cath-
ode. For an order of magritude ¢stima-
tion, we will calculate a possible num-
ber of high energy neutrons generated
in the reaction (2) by the tritium (with
7 keV) produced in the reaction (3) in
the sample. The reaction (3) would be
occurring in the Pd cathode and the
generated tritium will remain there not

going out 1o the electrolytic solution if
it did not fuse with deuteron by the rc-
action (2) before losing encrgy in a path
with length ~ 10 cm.

Using the values of the neutron
density n_~ 10° cm” obtained above
from the tritium data, we could calcu-
late number of trittum with energy 6.98
keV by the reaction (3) in the sample
as

N’ =3.6x 107s.

Here, we assumed the density of
deuteron interacting with the thermal
neutron as n, = 6.8 x 102 cm™.

The generated tritium with energy
6.98 keV fuses with a deutcron on the
path with length ~ 1 pm by a probabil-
ity of 10-* where the cross scction s, =
3 x 1076 bamns (for 6.98 ke V) was Laken
as a constant irrespective of the energy
of the triton. This gives a numbcr of
high energy neutrons to be observed
outside of the sample 2.4 x 10 /s. Fur-
thermore, the neutron with 14.1 McV
will make a collision with a deuteron
to dissociate it to produce a proton and
a neutron with a cross section ~ 0.2
barns. This reaction multiplies the num-
ber of neutrons observed outside the
sample.

The number of neutrons generated
through the channel of n + dand ¢ + d
reactions was 4.1 x 10° for 20 days of
experiment with high tritium activity.
This is too small compared with the
total number of neutron 6.8 x 105 ob-
served mainly in the period of tritium
activity and lowers the t/n ratio esti-
mated above a little. Though the value
is small, it will be pertinent with the
neutrons observed in the earlier period
of the experiment where the number is
rather low (20% over BG level ~ 8 x
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10-¥/s) independent of tritium activity
observed in the solution.

Now, we have two channels for the
neutron generation in Pd/D + Li sys-
tem; 1) Reactions (1) and (2) giving ¢/
n ratio of 10°, and 2) reactions (3) and
(2) giving two orders of magnitude
lower generation rate of neutron in the
Pd crystal.

The alternation of the neutron ac-
tive and inactive periods and also tri-
tium active and inactive periods in the
experiment remain as riddles to be ex-
plained by the theory. The modes of
electrolysis used in the experiment
surely influence the distribution of el-
ements in the cathode and determine
the nuclear processes occurring there.
It is necessary to clarify those processes
10 know the details of the cold fusion
phenomenon occurring in the complex
system of palladium and deuterium
covered with lithium metal and/or
lithium-palladium alloy layers.

Conclusion

The amount of tritium atoms ob-
served in the experiment gave us the
density of trapped neutronsn_~ 10° cm™.
This is the lowest value of the density
107 ~ 10" ¢cm we obtained hitherto in
the analyses of cold fusion experi-
ments. It is possible to say from these
data that the smaller the size of the Pd
(Ni) cathode, the higher the density of
trapped neutrons in the sample and the
more the excess heat.

Then, the number of neutrons ob-
served together with triton was ana-
lyzed consistently using the density of
trapped neutrons ~ 10° cm™ determined
by the tritium data.

This result also gives an explana-
tion of high ¢/n ratio noticed in this and

other experiments.

It should be noticed that the time
evolution of cold fusion events shown
clearly in Fig. 1 (Fig. 5 of the original
paper"). As is well known, it takes a
very long time to realize a condition to
induce the cold fusion phenomenon as
we can see a typical example in this fig-
ure. So, we have to be patient 1o form
conclusions for a difficult phenomenon
like the cold fusion from such limited
data.

The authors would like to express
their thanks to Prof. A. Takahashi of
Osaka University for valuable discus-
sions throughout this work.
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