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Abstract

The simultaneous generation
of excess heat and helium-4 (“He),
observed several times in experi-

| between excess heat and helium | drogen isotopes is one of those tri-

\

l
|

generations in the sample. On the
other hand, however, there are a
lot of examples which show only |
excess heat generation without \
helium’®,

These facts tell us that we have

' to take experimental results with }

reservations, and not simply deny !
unobserved quantities as not ex- |
isting. \
Furthermore, the recent ex-
periment® with micro particles of |

helium in the metal sample differ-

| ing from the well known results

- gases and not in the samples' This |

of helium only in the ambient

4

result also tells us that we have to

| be careful to come to conclusions

| about the origin of the helium ei-

ments, is explained in TNCF |

model of cold fusion. Qualitative
consistency of the explanation
with other cold fusion phenomena
substantiate the reality of Trapped
Neutron Catalyzed Fusion of hy-
drogen isotopes in solids.

1. Introduction

A recent review of experimen-
tal works in cold fusion' pointed

out a remarkable fact in the cold |

fusion phenomenon about a rela-
tion between excess heat and he-
lium observed in ambient gases in
the experiments. The experimen-
tal data cited in the review', some
of which are repeated in this pa-
per®, show an apparent correla-
tion in the amounts of these quan-
tities, showing that the helium
generation is responsible or has a
close relation with the excess heat
generation in those expertments.
A recent report in another type of
samples® show a similar relation

ther in or on the sample. Therefore,
perhaps, it is better to take quanti-
ties once observed as results of real
phenomena, and the quantities
should be assumed as existing vir-
tually, even if they are not ob-
served. The reason for the failure
of observation can be given by the
disappearance of them from the
| experimental region by an mter—
action with other particles which | |
did not exist in the observed case. ]

As was pointed out in the re- |

' view!, the amounts of the observed |

helium were considered to corre- |
spond to the amount of the ob- |
served excess heat in orders of |
magnitude. This fact leads some- |
one to consider that a special d—d

| fusion is producing helium in sol—

ids, while it is considered difficult
to occur in vacuum. Before going

| too far from conventional physics, |

itis necessary to use it fully if it is
possible to explain a new phenom-
enon. The model using the trapped
neutron as a catalyst to fuse hy-
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als. The physical reasoning of the
bases of the model were given in
a previous paper®. In this paper, an
explanation of the occasional cor-
relation between the excess heat
and helium generations is given on
the trapped neutron catalyzed

l model for cold fusion.

2. TNCF Model

The TNCF model tells us that
nuclear reactions occur stochasti-
cally by the existence of the
trapped neutron. The starting re-
action is the trigger reaction be-
tween the trapped neutron with

- thermal energy and an occluded

deuteron (proton) on an interstitial
site:

n+p =d(1.33 keV) + 7(2.22 MeV), (1)
n+d=1698 keV) + 7(6.25 MeV), (2)
n +°Li = *He(2.1 MeV) + (2.7 MeV)(3)

In these formulas , 4 reac-
tion with a lithium isotope ex-

- pected in electrolysis experiments

is included.

In the following, only reac-
| tions relevant with deuterides will
be considered. The products of the
reaction (2), a triton and a photon,
¢ will induce following events in the
sample.

First, the triton with medium
energy (~7 keV) generated in this
reaction makes interaction with
occluded deuterons and with ma-
trix nuclei. Let us take up now only
| the interaction with deuterons;
elastic scattering and fusion and
disintegration reactions:

t+d=0"+d’, 4)
t+d="He (3.5MeV) + 1 (14.1 MeV),
(5

t+d=1t"=p+n. 6).




The fusion cross section of the
reaction (5) is about 1 mbarns for
this case (7 keV triton). The ac-
celerated deuteron in the scatter-
ing (4) interacts with occluded
deuterons and with matrix nuclei.
Here again, we take up only inter-
actions with deuterons:

d+d’=d"=d", (7)
d+d’ ="He (820 keV) + 1 (2.45 McV),
(8)
=1 (1.01 McV) + p (3.02 MeV),
) |
d+d'=d" +p+n. (10)

The fusion cross section of the
reaction (8) and (9) is about 0.1
mbarns for this casc (5 keV deu-
teron). The neutron with energy
14.1 MeV generated in the reac-
tion (5) interacts especially with
occluded deuterons to accelerate
and dissociate them besides the in- |
teractions with matrix nuclei:

n{ld.iMeVy+d=n"+d’,
n(l4iMeVy+d=n"+p+n”

(k)
(12)

Those disintegration reactions
(6), (10) and (12) are endothermic,
producing low energy neutrons,
and can be a part of chain reac-
tions for breeding of nuclear prod-
ucts in optimum situations, but not
excess heat. Secondly, the photon
with an energy of 6.25 MeV gen-
erated in the reaction (2) can dis-
integrate an occluded deuteron to
generate a proton and a neutron
having energy of about 2 MeV
each:

actions (2), (3) and (5) occur there,

Y(6.25MceVy+d=p+n.  (13)

The cross section of the reac-
tion (13) is about 1 mbarns for this |
case (6.25 MeV photon)'?. This is |
also the endothermic reaction.

| 3. Excess Heat and Helium

One of the questions raised in
the interpretation of CF phenom-
enon within the limits of conven-
tional physics is the absence in the
experimental data of the photon
with energy 6.25 MeV generated

in the trigger reaction (2) and the

neutron with energy 14.1 MeV

~generated in the reaction (5)*. A |
' solution of this question was given

in a previous paper'’.

Generations

We start the investigation of
the excess heat and helium gen-
erations in Pd/D samples prepared |
by the electrolysis assuming the |
existence of the trapped neutrons
which was shown possible in
samples with inhomogeneous
structure’.

On the surface of palladium

" occluded deuterium by electroly-

sis with heavy water there are sur- |
face layers of PdD and PdLi_al- |
loys. The thickness of the former |
may be larger than the latter be- |
cause of the difference of the dif-
fusion constants of D and Li in Pd.
Those surface layers work as a

trons in the sample.

In the case of the volume
sample such as used in
Fleischmann and Pons* and Bush
et al*¥, the thermal neutrons could
be trapped by the band gap mecha-
nism®. The trapped neutron could |

| interact with deuterons and Li at- |

oms in the surface layers. The re-

producing excess energy and he-
lium. It should be noticed that the
excess energy is not only produced
by reactions (3) and (7), generat-
ing helium, but also by reactions
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(2), (8) and (9), not genera

helium. The generated hel
~atom is in the surface layers w

the reactions occur at first, |
migrate out into the ambient
The approximate proportion:
between the amounts of ex
heat and helium 1s understand
from the relation of those r

tions.

In the case of the sample
fine particle structure®, the

| cluded deuteron could be dis
- uted throughout the samplc v

the Li atoms are in the sur
layer of PdLi_alloy. The the
neutrons could be trapped by
total reflection mechanism

. also by the band gap mecha

which is different from the ca
the volume sample. The traj
neutron interacts with deutero

" the body of the sample and

LLi atoms in the surface I
Nuclear reactions similar to t
occurred in the case of the vol
sample to produce excess hea
helium.

The reactions listed atb
should generate more part
than helium. This problem i

. explained in this paper, as dec
wall to confine the thermal neu-

in the last paragraph but two ¢
section | that there are no d
tions of tritium, especially, i
experiments observing he
cited above>**,

4. Conclusion

The experimental result
the excess heat and helium
erations taken up here provi
fairly solid basis for the estab

t ment of the cold fusion pher
. enon. A different experiment

alayer structure and light or h
water!''"!* shows the high




ciency of the layer structure for
realizing a nuclear reaction in sol-

ids. In this case, a multi-layer |

structure of Ni and Pd with a thick-
ness ~ lum is formed on a surface
of small sphere of diameter 1| mm
made of resin. The layer occlud-
ing hydrogen or deuterium can
trap thermal neutrons by the Ni-
Pd-Ni multi-layer the boundaries
of the layers working as reflector
of the neutron by band gap and/or
total reflection mechanisms. In the
case of hydrogen, the trigger re-
action is the reaction (1) and the
following reactions could not gen-
erate helium. Only the reaction
generating helium is the reaction
(3). The detection of helium in
light water experimentis predicted
to be rare from TNCF model. On
the other hand, in the case of deu-
terium, as explained above, helium
generation is expected starting
from the trigger reaction (2) and
the following breeding reactions
(5) and others in addition to the
reaction (3).

A subtle evidence of the
occurence of the reaction (5) had
been detected by fine experiment
using 150 keV deuteron beam
measuring 14.1 MeV proton sig-
nal. Our interpretation of the sig-
nal is that it is made by a proton
recoiled by 14.1 MeV neutron
generated in the reaction (5).

About the quantitative estima-
tion of the reaction rates, it is dif-
ficult to calculate them exactly.
The cross sections of reactions (5),

of 1 mbarns in the relevant energy
regions. This value is two or three
orders too small to substantiate
those reactions in samples used in
the usual experiments without
some new factors. One positive

| factor is the channeling of charged
and neutral particles in crystal. The
starting point of generated par-
| ticles in the trigger reaction is an
" interstitial site. In this case, the
| particles so generated can travel

through a channel effectively, col-

1 liding with occluded hydrogen iso- |

topes with effective particle den-
sity one or two orders magnitude
higher than that in vacuum.

On the other hand, the cross
section of the reaction (3) for a
- thermal neutron is about | barn®.

This value is very large in the stan-
" dard of the nuclear reaction and
gives us hope as an explaination
for the main part of the observed

helium by this reaction when there |

1s a lot of trapped neutrons and

triton with 2.7 MeV generated in
' the reaction (3) has a large cross

action (5) generating “He and a
| neutron. In deuterides with °Li on

| the surface layer, therefore, helium |

generation occurs very cffectively.

lithium nuclei. Furthermore, the |

section about 10 barns for the re- J

an event, there are six times more
events generating energy than the
| events generating helium.

The cross section of the reac-
tion (12) for a neutron with an en-
ergy 14 MeV is about 0.2 barns®.
| This is also a fairly large value and

| advantageous for the breeding of
neutrons in a cycle of reactions (2),
(5) and (12).

Considering the complicated
situation in cold fusion materials,
itis reasonable to assume that sev-
~eral reactions (2), (3), (5), (8), (9),
| (12)and (13) occur for helium gen-
erating reactions (3) and (5). The
problem of the lack of detection
of other nuclear products other
than helium are fundamentally
- neglected in this discussion as ex-
plained above.

I would like to express my
. thanks to Dr. E. Storms for send-
ing a preprint of the review prior
to the publication. My thanks are
also to Dr. K. Kaki of his institu-
tion for valuable discussions on
- the nuclear reaction.

There are also several heat |

| generating reactions besides the
 reactions generating helium in the
| sample. Therefore, the number of
events generating helium is not
enough to explain the number of
events generating excess heat. In
the reivew!, those experimental
data were shown with a reference
line based on the d - d reaction
generating a helium nucleus and
an energy 23.8 MeV as recopied

| in Fig. 1 (Fig. 2 of Ref.(1)). The |
(8), (9) and (13) are in the range |

graph shows that even in this large
energy generated with one events
(the solid line), the excess power
is about 1.5 times higher than the
helium generating events (the dot-
ted line). Taking the usual reaction
energy of several (take 5) MeV per
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Fig. 1. Helium produced as a func- |

tion of excess power. Relationship |

based on d + d = He + 23.8 MeV

shown as line. The helium concen-

| tration results from a constant cur-
rent of 500 mA held for a constant

! time. Collection was done using a

¢ metal system. l
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