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Abstract

Results are given of detailed calcu-
lations for 1) the probability of chan-
neling for particles generated in n-d
and n-p fusion reactions, 2) the fusion
probability of a triton generated in n-d
fusion with a deuteron, and 3) the fu-
sion probability of a deuteron acceler-
ated by n-d elastic collision with an-
other deuteron. Many neutrons are
generated in successive reactions of d-
d fusion reactions triggered by trapped
thermal neutrons, sufficient to explain
experimentally observed anomalous
excess heat, neutron bursts, and tri-
tium anomalies in optimum situations.
The results confirm preliminary esti-
mations used in the previous works.

1. Introduction

The cold fusion phenomenon has
been observed in various materials.
These materials are divided into two
categories: (1) materials containing
mainly a lot of deuterium (let us call
them “deuterides™ hereafter); and (2)
materials containing mainly a lot of
hydrogen (“hydrides”).

We had proposed a model (Trapped
Neutron Catalyzed Model for Cold
Fusion, TNCF model) [1-4] to explain
cold fusion phenomenon and the mod-
el gives a consistent qualitative under-
standing of experimental facts in the
phenomenon, even if not quantitative.

The reactions having connection
with the model are as follows:

n+p =d(1.33keV)+7y(2.22 MeV) )
n+d =1(6.98keV) +y(6.25 MeV) @
p+d =3He(5.35keV) +y(549MeV)  (3)

d+d =3He(0.82MeV)+n (2.45MeV) (4)
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=1(1.01 MeV) +p (3.02 MeV) (5)
=%He (76.0 keV) + Y (23.8MeV)  (6)
t+d =%He(3.5MeV)+n(14.1MeV)  (7)

d+3He=p (14.68 MeV) + o (3.67 MeV)  (8)

Here, it is useful to give attention to
the difference in fusion cross sections
of reactions (1) and (2). The cross sec-
tions of these reactions depend on the
energy E of the thermal neutron and
increase as E-1/2 with decrease of the
energy. This fact means low tempera-
ture is advantageous to realize cold fu-
sion for the same density of trapped
thermal neutrons. The fusion cross
section of reaction (1) for a neutron
with energy of 25 MeV is about 3 X
10-1 barns and that of reaction (2) for
the same energy is about 6 x 10-3
barns [5]. So a thermal neutron fuses
more easily with a proton than with a
deuteron by a factor of 50.

Some characteristics of the cold fu-
sion phenomenon in deuterides and
hydrides are pointed out as follows.

(1) Cold fusion in deuterides

Table 1.
Attenuation lengths /, of 6.25 MeV (in Ti
and Pd) and 2.22 MeV (in Ni) photons in
metals

metal Ti Ni Pd
log (€M) 8.0 3.4 22

Once reaction (2) occurs in deu-
terides between a trapped thermal neu-
tron and a deuteron in the sample, the
generated triton and photon will give
several effects on the sample. The at-
tenuation lengths of 6.25 MeV and
2.22 MeV photons in relevant metals
are given in table 1.

If the sample is large enough to at-
tenuate the photon (2 cm for Pd met-
al), the sample will be heated drasti-
cally as observed by rare experiment
[6]. In samples with smaller linear di-
mensions, excess heat will result from
other particles generated in reactions
induced by the triton, In the Ti/D sys-
tem, however, the attenuation length is
too long (~8 cm) to heat the usually
used samples drastically and no re-

markable excess heat has been ob-
served hitherto.

The triton generated in reaction (2)
will be observed in the remains as tri-
tium [7, 8]. In an optimum situation,
the triton will have a fusion reaction
with a deuteron in the sample to gen-
erate “He and a high-energy neutron
with an energy of 14.1 MeV according
to reaction (7). “He generated in this
reaction will be observed as a helium
atom [9, 10] or as an alpha particle.

The high-energy neutron will have
two effects: the neutron itself will be
observed coming out from the sample
[11, 12], or the neutron will make pre-
dominantly elastic collisions with
deuterons in the sample. A deuteron
accelerated by an elastic collision with
the neutron will obtain enough energy
to fuse with another deuteron in the
sample by reactions (4) or (5) (de-
tailed calculation will be given later).

When the neutron generated in reac-
tion (7) loses almost all its energy by
elastic collisions with deuterons, it
contributes to reaction (2) together
with the neutron generated in reaction
(4). In an optimum situation where re-
actions (2), (7), and (4) occur succes-
sively (a chain reaction), many neu-
trons will be generated [13] and a neu-
tron burst will be observed [7, 8, 14]
(detailed calculation will be given lat-
er).

(2) Cold fusion in hydrides [4]

Once reaction (1) occurs in hy-
drides, a deuteron and a photon are
generated. The generated photon can
effectively heat a sample with enough

dimension to attenuate the photon
[15]. The deuteron also contributes to
the heat of the sample, losing its ener-
gy by elastic collisions with charged
particles in the sample. The deuteron
can fuse by reaction (3) to generate
3He which will contribute to heat the
sample and also be measured in hy-
drides.

The larger cross section of reaction
(1) compared with that of reaction (2)
is favorable for stationary heat genera-
tion for hydrides. It is possible to say
that we will obtain excess heat genera-
tion linearly depending on the number
of trapped thermal neutrons in a sam-
ple. This prediction should be checked
experimentally.

On the other hand, the successive
reactions feasible in deuterides are ab-
sent in hydrides. It is possible to con-
clude that there are neither neutron
bursts nor explosive excess heat gen-
eration in hydrides by the TNCF
mechanism.

(3) Direct evidence for the effect of
thermal neutrons in cold fusion

Recent private communication [16]
reported an interesting observation in
a KD,PO, single crystal. When back-
ground neutrons were increased artifi-
cially to 100 times the natural back-
ground, the enhancement factor (num-
ber of neutrons in the transition re-
gion/number in others) increased from
4 to 25. This result shows that the ef-
fect of thermal neutrons is nonlinear to
its density suggesting a productive ef-
fect (chain reactions).

Similar effects of thermal neutrons
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Figure 1. Momentum change of the nucleus in the emission and absorption of a neutron.
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Figure 2. A channeling axis.

have been investigated several times
up to now. The first one was done in
1989 [17]. Others were done after-
wards with much care [12, 18].

Inexistent results of the cold fusion
phenomenon [19] were also obtained
including the Kamiokande experiment
in 1992 (in Japan) showing that there
is no cold fusion without background
neutrons.

These data clearly support the
TNCF model directly.

(4) Irreproducibility

Irreproducibility of cold fusion phe-
nomenon (especially gigantic excess
heat, neutron bursts, and tritium anom-
alies), the remarkable controversial
problem throwing a big question to all
scientists, had been explained in the
TNCF model as a result of stochastic
processes working in samples to real-
ize the optimum conditions to make
cold fusion feasible (trapping of ther-
mal neutrons, realization of chain re-

tion coefficient of a photon in many
materials has a minimum at a range
trom 1 to 10 MeV of the photon ener-
gy. The critical review of experimen-
tal data by E. Storms [20] is useful to
overview the whole range of the cold
fusion phenomenon.

We will give some detailed calcula-
tions about nuclear processes in the
TNCF model in this paper.

2. Neutron Mossbauer Effect

Among the mechanisms responsible
for neutron trapping, the neutron
Mossbauer effect is the one concerned
with individual nucleus. As explained
in a previous paper [3], a nucleus with
a mass number A and even atomic
number Z around 26 in a crystal lattice
is responsible for the neutron Moss-
bauer effect, which works as a mecha-
nism to confine neutrons effectively in
the lattice (M-mechanism). The neu-
tron trapped by this mechanism is free
from the short lifetime (about 900 sec-
onds) of the isolated neutron.

The momentum change of the nu-
cleus in the emission and absorption
of a neutron is pertinent to the lattice,
while the difference between energy
levels in the nucleus with (A + 1) and
Z is pertinent to energy levels in the
nucleus (fig. 1).
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actions, etc.).

The direct support from experiments
with controlled thermal neutrons {12,
16, 18], and the self-consistent inter-
pretation of all experimental results
except the absence of high-energy
photons, shows that something is true
in the TNCF model. The question
about the absence of the high-energy
(6.25 and 2.22 MeV) photons might
be related to the fact that the absorp-

1.81MeV
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Figure 3. Reactions with a trapped neutron in a channeled axis.
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A neutron with an energy 5.33 eV
has the same momentum as that of a
photon with energy 100 keV which
corresponds to photons usually used in
the Mossbauer resonance technique.
Thus, ordinary crystal can give rise to
the neutron Mossbauer effect for neu-
trons with energies less than 100 keV,
including the thermal energy (0.025
eV). The neutron Mossbauer effect is
legitimized by analogy with the pho-
ton Mossbauer eftect.

This mechanism of neutron trapping

depends on the dynamic character of

the local lattice around the pertaining
nucleus. In an inhomogeneous materi-
al where cold fusion occurs, the dy-
namical characteristics of the lattice
vary place to place. To keep the M-
mechanism cffective, the size of the
locally homogeneous region should
have a minimum value. On the other
hand, to have a long trapping time T of
the neutron in the material, it is desir-
able to make the total volume of the
locally homogeneous region as large
as possible.

3. Channeling

There is propagation of a neutral or
a charged particle through crystal
without energy loss, i.e., channeling
[21, 22]. Channeling occurs when the
de Broglie wavelength of the particle
is short compared with the lattice con-
stant of the crystal and the propagation
vector makes a small angle with a
crystal axis or a crystal plane [22]. In
our case, it occurs when the propaga-
tion is around a specific crystal direc-
tion (ohsline) through interstitial sites
(a channeling axis; an example is
shown in fig. 2).

Once a thermal neutron makes a fu-
sion reaction with a deuteron or a pro-
ton in a material occluding it, particles
generaled in the reaction have appro-
priate energies to channel through the
material where the crystal lattice is
ideal. High-energy tritons or deuterons
generated in reactions (2) or (1) make
collision effectively with deuterons or
protons to fuse with them, shown as
follows.

A charged particle can propagate
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Figure 4. Further reactions in a channeled axis.

through a channel with a radius r,
when the angle y between its momen-
tum and a channel axis is smaller than
a critical angle y.,. The y__ for a par-
ticle with an energy E and a charge
Z e through a lattice composed of
atoms with nuclear charge Z,e is giv-
en by following formulae:

Ver,1 = (22, ZPN(EA)2, (E4>E), ©

wcrz (CaTFWCR 1 (21/2d)]1/2 (E<1>E)
(10)

where E° = 2Z,Z,e%dla >,
C = 31/2 3pd the Thomas-Fermi
atomic radius a for this case is giv-
en by

arp=0.8853a,(Z, 172 + Z,1/2)2/3,

The parameter d in the above for-
mulae is a distance of matrix atoms
along the channel axis.

For the triton with an energy of 6.98
keV, E/E” < 1 and y__, = 0.105 rad.
A triton which is generated by reac-
tion (2) can propagate along one of
twelve main channels through the site
where there was a deuteron with a

probability of 3.3%. On the other
hand, the deuteron which is generated
by reaction (1) can propagate along
one of twelve main channels with a
probability of 7.6% according to simi-
lar estimations (fig. 2). Those proba-
bilities increase with the decrease of
particle energy.

Now, we proceed to individual reac-
tions between particles.

4, Tritium Production Rate in Deu-
terides

As explained in section 1 and well
known in neutron physics [1,5], the
fusion cross section of a neutron with
a deuteron increases rapidly with the
decrease of the impinging neutron en-
ergy €, while the elastic scattering
cross section remains constant at about
3.2 barns under € = 1 MeV. The ratio
of the two cross sections is about 10-¢
ate=10°¢eV and is 103 at ¢ = 103
eVv.

To interpret rare experimental re-
sults of observed tritium anomalies,
we must be aware of the fact that de-
tection of neutrons and tritium are
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usually not simultancous. So, we may
assume in this case that one or another
trapping mechanism is very effective
and many neutrons are trapped in the
sample. Then the fusion reaction (2)
will occur to produce a lot of tritons
which will make effective collisions to
accclerate deuterons when propagating
along an OHS line, or to lose energy
by the coulomb interaction with
charged particles in the lattice and to
remain in the sample.

By the head-on elastic collision of a
triton with a static deuteron, the triton
loses 12/25 of its initial energy. The
accelerated deuteron makes a collision
with another deuteron. If a deuteron
with an energy of (12/25) x 6.98 =
3.35 keV propagates along an OHS
line in a cylinder with a cross section
nr,2, it induces about two d-d fusions
in 10-% seconds with occluded
deuterons generating one triton by the
reaction (5) in an infinite sample [2] in
an optimum situation, where r is the
radius of the channel. At the same
time, the deuteron generates one neu-
tron by reaction (4). Considering the
average fusion length of about 8 x 103
cm, we obtain 10% neutrons per second
in a sample with a size 1 x I x | cm?
with 8000 reactions of reaction (4) per
second (fig. 3).

This mechanism results in two ef-
fects: 1) when the trapping mecha-
nisms work effectively for higher en-
ergy neutrons in a sample with enough
inhomogeneity, the neutrons lose ener-
gy effectively and are trapped as warm
or cold neutrons to fuse with
deuterons according to reaction (2)
and many tritons are generated; and 2)
when the trapping mechanisms for
higher energy neutrons don’t work
well, the 2.45 MeV neutrons propa-
gate along an OHS line to make a se-
quential neutron-breeding process
generating many observed neutrons
(as discussed in the next section).

In some experiments [7, 23, 24] the
first mechanism would be predomi-
nant and tritium is generated by a
chain reaction of reactions (4) and (5)
interposed by t-d, n-d and d-d elastic
collisions. In one experiment [23], a
part of the neutron burst preceding the

tritium emission would be stored cf-
fectively as trapped neutrons in the
sample. After a ncutron burst, the
sample becomes the second type by
effects of the fusion products includ-
ing heat and the trapped neutron could
work to initiate the chain reaction gen-
erating a lot of tritium to give t/n ~
108, In another experiment [24], there
was no neutron burst above back-
ground and the trapped neutrons
would be the initiator of the chain re-
action that generates many tritons on
the order of t/n ~ 102,

5. Neutron Breeding Rate

The neutron breeding rate is calcu-
lated starting from one neutron with
an energy 2.45 MeV (or 14.1 MeV)
emitted along a OHS line (channeling
direction). The neutron makes colli-
sions with deuterons on the line and
the recoiled deuterons generate five
(or six) neutrons by reaction (4) in
10-6 seconds in an infinite sample (fig.
4). In this calculation, simplifications
were made assuming 1) the particles
always propagate on an OHS line, and
2) an amount of energy transferred by
elastic collisions is that of the average
with the rigid spheres collision model.

It is also assumed arbitrarily that
one out of five (or six) neutrons with
energy 2.45 MeV generated in reac-
tion (4) is possible to start another
propagation along an OHS line to pro-
duce five (or six) neutrons again to
continue the reaction forever. In this
optimum situation, one n-d reaction
generates neutrons about 10° per sec-
ond and the neutrons are emitted from
the sample if the trapping of high-en-
ergy neutrons is not effective. This
story only occurs in an optimum situa-
tion achieved very rarely in samples
and corresponds to very rare, irrepro-
ducible events giving experimental re-
sults with neutron bursts [9, 14].

6. Conclusion

It is difficult to prove the occurrence
of the cold fusion phenomenon in ma-
terials from the first principles because
the physics of it includes statistical
properties. The estimations given
above illustrate a possibility of the oc-

currence of the cold fusion phenome-
non in the presence of abundant ther-
mal neutrons in materials pertinent to
the phenomenon, and the possibility of
the existence of many neutrons in ap-
propriate materials has been shown in
the preceding papers [1-4]}. The pho-
ton with energy of 6.25 McV (or 2.22
MeV) has been rarely measured [25]
and should be a target of future enthu-
siastic experiments. L CFJ
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SOME EHPERIMENTS ON
THE UARIATION OF THE

RADIOACTIVITY OF
TRITIUM ABSORBED BY
TITANIUM

fibstract of a paper
read at ICCF-5

Otto Reifenschweiler
Philips Research Laboratories
Eindhoven, The Netherlands

Small amounts of tritium are sorbed
by titanium preparations consisting of
small monocrystalline particles (¢ =
15 nm) obtained by gas evaporation.
In a first experiment, a TiTO'0035
preparation is heated and the radioac-
tivity, A, is measured via the X-radia-
tion detected by a GM-tube. The ra-
dioactivity decreased from the initial
value down to 72% at 160° C, further
decreased to 60% at 275° C, and in-
creased again to the initial value at
360° C before decomposition of the
preparation. It is shown that, during
the whole temperature trajectory up to
360° C, no loss of tritium has occurred

and that the decrease of the count rate
is entirely due to the decrease of tri-
tium radioactivity. A detailed analysis
of the generation of the X-radiation
shows that it is not possible to explain
the course of A = f(t) by changes from
chemi-absorption at the surface to
bulk absorption of the tritium in the
small Ti particles as has been claimed
recently. In a second important heat-
ing experiment with a TiT, 45 prepa-
ration, the tritium is desorbed during
heating on account of the 10 times
higher concentration and the tritium
released from the preparation is mea-
sured by a second GM-tube. By addi-
tion of the two radioactivities, that re-
maining in the solid and that expelled
as a gas, it is shown that the course of
A = (1) is equivalent for both experi-
ments carried out under very different
conditions. In a further heating experi-
ment with a TiT, 45 preparation
where the surface of the Ti particles is
oxidized, a course of A = f(t) of the
same kind as that for the first experi-
ment is obtained. The evaluation of
these three heating experiments done
under very different conditions gives a
high degree of evidence for the de-
crease of tritium radioactivity.

A first attempt is presented to ex-
plain this remarkable effect in terms of
a nuclear pair hypothesis.

There is strong suspicion that the
two different effects, cold DD-fusion
and the decrease of tritium radioactivi-
ty. are caused by the same or by two
related fundamental principles. «&»

MICROANALYSIS OF
PALLADIUM CATHODES

AFTER ELECTROLYSIS IN
ACIDIFIED HEADY WATER

S. Miguet and J. Dash
Physics Department
Portland State University
Portland, Oregon

Previously, we reported finding lo-
calized concentrations of unexpected
elements on palladium cathodes after
electrolysis in an electrolyte contain-
ing H,SO, and D,0 [1,2].

Recently, chemical analyses of pal-
ladium 0.35 mm thick, used as a cath-
ode for 25 hours and then inadvertent-
ly as an anode for 170 minutes, were
performed with an energy dispersive
spectrometer attached to a scanning

.electron microscope.

Because of the anodic thinning of
the electrode on the lower part in the
last experiment, we were able to study
the core of the material. Localized
concentrations of aluminum and titani-
um were found at surface protrusions
or depressions on the lower part of the
palladium where the metal dissolved.
It seems unlikely that aluminum and
titanium were deposited from impuri-
ties in the system because neither ele-
ment was detected in prior chemical
analyses of the electrode materials.

Near the electrolyte level, a black
blob with fibers appeared on the anode
side of the palladium after the first 10
hours of electrolysis. This surface fea-
ture persisted through 15 additional
hours of electrolysis as a cathode, fol-
lowed by 170 minutes as an anode,
and then by ultrasonic cleaning in de-
ionized water. A series of analyses of
the same portion of this feature over a
period of several weeks showed that
changes were occurring with time,
These include growth of palladium
sulfate crystals, bulges in the fibers,
and the occurrence of silver, which ap-
peared to change to cadmium as time
progressed.

These results seem consistent with
the suggestion of Savvatimova,
Kucherov and Karabut [3] that the rea-
son for the appearance of unexpected
elements is fusion-fission nuclear re-
actions in the cathode. This conclusion
is supported by our discovery of large,
localized concentrations of aluminum
and cadmium on an electrolyzed palla-
dium cathode 15 months after local-
ized concentrations of silver were ob-
served near areas where the cathode
had melted [2]. CCF
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