Abstract

A remarkable experimental result
of reduced radioactivity of tritium ab-
sorbed by titanium observed by O.
Reifcnschweiler is analyzed on TNCF
modecl. The radioactivity measured in
not discriminated in energy and is the
total result of the beta from tritinm and
neutron in the sample, In TNCF model,
rapped thermal neutron in a crystal can
be affected its decay behavior by the
interaction with lattice nuclei. The re-
duction of the radioactivity is inter-
preted as a result of the neutron-lattice
interaction, i.e. the disappearance of the
radioactivity of some neutrons in the
sample in an optimum condition. The
density of the trapped thermal neutron
contributing to the phenomenon ob-
served was determined as ~ 10" cm™?
in accordance with the previous data
obtained in different experiments.

1. Introduction

It is a very interesting phenomenon
that various strange behaviors of nuclei
have been observed in some transition
metals including Pd, Ti and Ni occlud-
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ing hydrogen isotopes and also in some
compounds containing a lot of hydro-
gen isotopes. The most interesting
events in them is the so-called cold fu-
sion'?, i.e. nuclear reactions in solids.
Experimental data in the cold fusion
phenomenon had been analyzed on
TNCF model® giving a quantitative and
consistent explanation of physics occur-
ring there with the conventional phys-
ics*. It has become fairly certain that
the trapped thermal neutron with den-
sities in the range of 10° ~ 10" exists
stably in the sample showing the cold
fusion phenomenon.

Another interesting phenomenon is
the “reduced radioactivity of tritium”
absorbed by titanium observed by 0.
Reifenschweiler>'. The theme of this
paper is an analysis of this data using
the TNCF model.

2, Experimental fact and its
interpretation

Reifenschweiler measured the re-
sulting X-rays induced by S-decay of ‘tri-
tium’ absorbed by Ti (TiT, . = Ti/T sys-
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tem). The sample was in a shape of ex-
_ tremely small monocrystalline particles
. with diameter ¢ = 15 nm. In a process
~ of sample treatment, he observed a de-
crease of the radioactivity, i.c. intensity
of X-rays from the sample Ti/T. From
the experimental result, he had con-
" cluded the reduction of radioactivity of
tritium absorbed by Ti.

We have to note, at first, that the
X-rays they had measured was the re-
sult of not only the decay ‘tritinm but
also that of thermal neutron, if any, in
the sample. As we have known now, it
is possible that the thermal neutron can
be trapped stably or unstably in some
transition metals including Ti, showing
the cold fusion phenomenon if some
conditions are satisfied.

In addition to the trapping, the ther-
mal neutron could be elongated its life
time due 1o the interaction with lattice
nuclei. The trapping is a necessary
condition, but not sufficient for the sta-
bility of the trapped neutron against the
beta-decay or against a trapping by a
lattice-nucleus.

Because of the abundant back-
ground neutrons in ambient, it is apt to
measure B-decay of tritium and neutron
simultaneously, no matter their origin.
If the stability of the trapped thermal
neutron changes, the intensity of the
emitted electron from the sample, and
also the resulting X-rays change. This
is the most reasonable explanation of
“the reduction of radioactivity of tritium
absorbed by tritium” as shown quanti-
tatively in the next section.

Knowing the change of the radio-
activity from measurement, we can €s-
timate the density of the trapped ther-
mal neutrons in the sample as shown
also in the next section.

3. Estimation of the density of the
trapped thermal neutron in TV/'T
system,

To analyze the experimental data
observed by 0. Reifenschweiter, we will
assume the experimentally observed
change of the radioactivity is induced
only by the change of the neutron sta-
bility, though it is possible to change
the radioactivity of tritium in a crystal
by an interaction with the trapped ther-
mal neutron. Also, we will assume that
the neutron density changes only
through the beta decay in the time of
the experiment, though it can change by
the trapping of neutron from ambient.
Also, it is assumed that the number of
neutron changes only by S-decay
throughout the experiment.

The S-decay of tritium and neutron
in their free states are with decay times
T=12262y(=387x10*s)and I° =
8.87 x 10? s, and the maximum elec-
tron energies 18 and 483 keV, respec-
tively. In general, we can express the
decay behavior as follows:

nft) = n0)e*",........ 1)
n(t) = n 0™, ... 2)

where n (0) is the density of the
trapped neutrons contributing to the
change of radioactivity.

The number of events at time ¢ per
unit time and unit volume of the sample
emitting an electron from ftritium and
neutron are given as follows:

,1(z)_";°) < (3)
,Z(z)—”T(O) T (4)
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Therefore, the number of the emit-
ted electrons as a whole at time 7 in a
unit time is expressed as follows:

N®)=N,0+N,1)=
10) purr | 1) purr, ()
T T

{ n

As explained above, the decay time
T of the neutron is a variable because
of the neutron-lattice nuclei interaction.
To analyze the experimental data, we
will assume for simplicity that T_ has
two values, an infinity in the stable state
and 887.4 s in the free state.

Then, we have two values of the
numbger of emitted electrons for a state
where the trapped neutron is stable and
another state where it decays as a free

state: (0)
(2) n et
t D trerererenrenasesanes 6
H= T (6)
Ny =49 “”'f""T(?) I ()

!

If we consider N ?(t) is a result of
only a hypothetical tritium decay, not no-
ticing the existence of the trapped ther-
mal neutron with a density n (0)<< n(0),
the hypothetical decay time 7™, is given
by the following relation:

N® () = "T(O) LT ®)
L1 436005120 puime (9)
T T, t ,(0)

Therefore, a change of the triton
decay time can be detected if

11(0)

ore TL=T)ymin
 n,0)

>2.3x1 z
* 1,

(10)

Assuming an accuracy of the mea-
surement (T, —T") ~ 10°T, ~ 4 x 10° s,
we obtain a condition for the number
of neutrons affecting the measurement:

_,/1'(0)

n (O) O_ te e, (1 1)

n(0)
If the time ¢ is 107 then
7,(0) '
n,(0)

This means that a very small num-
ber of neutrons coexisting with tritium
affect the apparent lifetime of the tri-
tium determined by the experiment
without the energy discrimination,

From the experimental data of T -
T", we can determine the density of
trapped thermal neutrons as follows.
Putting T,~ T, = 7T, and the time of thc
experiment ¢ = 20 T arbitrarily, we
obtain a relation between 7, n (0) and
n(0);

n,(0)
n(0)

Taking the value 7= 0.4 and n (0)
= 9 x 10¥%cm™ corresponding to the
sample TiT, . from the experimental
data, we obtain a value for the density
of the trapped thermal neutron contrib-
uting to the measurement, i.€. emitting
b-ray in a situation, but not in another,
depending on the situation in the
sample,

>4x107"%... 12)

=1.0x10° oo (13)

1 (0) ~3.6 x 10"°5,(0) ~7.2 x 10°crn®

If we take the time of the experiment ¢
as 107 or30 T ,then we will have
n(0)=16x10%0r3.2x 10°cm?,

This is the density the same order
of magnitudes we have determined from
the experimental data of cold fusion
phenomenon on TNCF model (10° ~ 10')
though there is another kind of the
trapped thermal neutrons not changing
their stability in the sample used in the
experiment?.
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It is interesting to notice that
Reifenschweiler observed a sharp de-
crease of “the radioactivity of tritium”
when the hydrogen isotope is absorbed
by small monocrystalline particles of ti-
tanium and the preparation is heated to
several hundred degrees centigrade™.

4. Conclusion

Using the TNCF model, we could
understand the anomalous experimental
data showing the reduction of the radio-
activity of tritium absorbed by titanium.
The number of the trapped thermal neu-
trons contributing to the reduction of
radioactivity in the sample was deter-
mined as 10" cm™ using the experimen-
1al data. This value is in accordance with
the values 10°to 10" cm obtained in
the system showing a nuclear trans-
mutation from Rb to Sr along with the
excess heat and Pd-black/D,O electroly-
sis generating a lot of helium and the
excess heat.

The consistency of the interpreta-
tion of various experimental results in
transition metals with positive neutron
affinity®® not only substantiates the con-
cept itself but also makes plausible the
existence of the trapped thermal neu-
tron in those samples.

The awthor would like to express
his thanks to Prof. K. Hasegawa of the
Radiochemistry Research Laboratory
for his valuable discussions regarding
this work.
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