Abstract

Experimental data showing the
simultaneous production of excess
power and helium during D, electrolysis
using a palladium cathode were ana-
lyzed quantitatively on a model pro-
posed by-one of the authors (K.H.). As
a density of the trapped neutrons in a
palladium cathode, a value ~ 1.1 x 102
~ 10" ¢m™ was obtained. The result
showed a good coincidence with the
former results. In the analysis of the
isotope shift data in an electrolysis
experiment, the density of the trapped
neutrons in the nickel cathode had been
determined as 2 x 107 cm™; while in the
case of data producing huge excess heat
and high helium density in the Pd-black
cathode, the density of the trapped neu-
trons was estimated as ~ 10*5 cm™,

1. Introduction
Among the experimental results on

the cold fusion phenomenon, there are
several excellent data showing correla-
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tion between excess energy and helium
produced in the experiments. From such
a data we will examine here a quantita-
tive correlation between them'? The
palladium cathode produced as many
as 10" ~ 10" atoms/s of *He per watt of
€XCEeSS power.

This numerical data is enough for
us to analyze the experiment on the
Trapped Neutron Catalyzed Fusion
(TNCF) model proposed by us before?.
In the model, the fundamental assump-
tion of the existence of stable trapped
neutrons in the cold fusion material had
been made. To justify this assumption,
the interaction of the neutrons and lat-
tice nuclei was analyzed and a new con-
cept “neutron affinity of nucleus” was
proposed which had a good correlation
with materials where the cold fusion
phenomenon occurred®.

Using this model qualitative analy-
sis has been successfully determined for
various experimental data obtained in
previous cold fusion research. After the
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accomplishment of the fundamental
concepts of the model, we have ana-
lyzed several experimental data quan-
titatively and obtained splendid results
having good consistency between them,
The data® showing an isotope shift of
Sr in an experiment of Rb electrolyte
in H,O with Ni cathode was explained
numerically by a factor three and ob-
tained a value of the trapped neutrons
of 2 x 107 cm™ in the Ni cathode®.

The data’™ showing generation of
huge excess energy and a large amount
of helium as high as 10%° ~ 10* cm2 in
Pd-black was analyzed with the model
and obtained a density of the trapped
neutrons in the cathode as ~ 10" cm ™%,

The results of this analysis show
the validity of the basic assumption of
the TNCF model as an explanation of
the cold fusion phenomenon. We have
several excellent experimental results
available to be analyzed by our model.
In this paper, we present a result of an
analysis using one of best experiments
showing a correlation between the ex-
cess heat and helium produced in the
experiment.

2. The TNCF model

We have developed a model®
based on the existence of stable thermal
neutrons in crystals. The neutrons with
the thermal energy in a crystal behaves
as a wave interacting with nuclei on the
crystal lattice. The state of the thermal
neutrons in a crystal is a Bloch wave
with a band structure in the energy spec-
trum. A neutron Bloch wave in a crys-
tal may be trapped in the crystal if the
crystal is surrounded with another crys-
tal having a different band structure. A
neutron in a crystal with an energy in
an allowed band will be trapped if the

energy corresponds to a forbidden ¢n-
ergy of the surrcunding crystal.

Besides the band structure of a ncu-
tron Bloch wave, the intcraction results
in stability of the neutrons against the
beta decay and against the capture by a
nucleus if the neutron affinity? of the
crystal is positive and large. There are
several experimental results showing
the ncutron trapping by crystals'®?,

if stable neutrons trapped in a crys-
tal suffer a strong perturbation induced
by disorder of the crystal potential
working on the neutrons, the neutrons
become unstable and can be captured
(or reacted on) by a nucleus causing the
perturbation. As a result of the capture
(or reaction) there appear nuclear prod-
ucts and the excess energy as shown by
direct experimental results'>?¢,

In the electrolytic system showing
the cold fusion phenomenon the situa-
tion will appear where the distribution
of deuterons in the cathode metal be-
comes inhomogeneous or where SLi
(*’Rb) atoms distribute randomly in the
surface layer of Li (Rb) metal on the
Pd (Ni) cathode.

In the system with Pd cathode and
LiOD+D,0 electrolyte solution, the
most realizable reaction is between the
thermal neutron and ¢Li with a large
cross section of ~ 1 barn'”: (1)

n+ *Li=*He (2.1 MeV) + 1 (2.7 MeV).

The triton with 2.7 MeV generated in
this reaction (1) can pass through the
crystal along the channeling axis on
which is an array of occluded deuterons
or can proceed a finite path with a length
determined by the interaction with charged
particles in the crystal. On these processes,
the triton can fuse with a deuteron with a
cross section ~ 14 x 10! barns®®: (2)
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t(27MeV)+d=
‘He (3.5 MeV) + n (14.1 McV).

- A neutron with 14.1 McV gener-
ated in this reaction (2) can interact with
particles, especially with deuterons in
the crystal elastically giving a large
amount of energy to the deuteron and
inelastically dissociating it or fusing
with it;

n+d=n"+4d’

n+d=n"+p+n”,

n+d=t+y+6.25MeV,
n+'Li=*Be=2°He+¢ +n +162MeV.

The deuteron having an energy up
to 12.5 McV accelerated elastically by
the neutron can fuse with another deu-
teron in two modes with a fairly large
cross scction of the order of 0.1 barn™.

d+d=1(1.01 MeV)+p (3.02 MeV),
= He (0.82 MeV) + n (2.45 MeV).

Depending on the situation in the
cold fusion system, the trapped thermal
neutrons can induce trigger reactions
like the reaction (1) and the generated
energetic particles sustain breeding
chain reactions (2) ~ (4), (7) and (8) pro-
ducing a lot of the excess heat and the
nuclear products.

3. Experimental Results

In the paper showing the correla-
tion of excess heat and helium produc-
tion, experimental procedure was ex-
plained without ambiguity™?. We can
trust their result with confidence.
Essential results pertinent with our
analysis are summarized as follows:
The palladium cathode in a shape of the

rod had the area S = 2.6 cm? producing
“He 10" ~ 10*? atoms/s per watt of ex-
CCSS pOWCT.

Contrary to the case of the double-
structure cathode containing Pd-black
inside where the generated helium was
piled up in the Pd-black particles, the
helium was observed in the electrolysis
gas in the above experiment. Therefore,
we have to assume that the reaction gen-
erating the observed helium was occur-
ring in surface layer of the Pd cathode
where Li metal was precipitated by elec-
trolysis.

Then, we can formulate our prob-
lem in the scheme of TNCF model as
follows.

The relation we have 1o use first in
the analysis is the reaction (1) given in
the preceding section. The reaction (1)
is induced by thermal neutrons trapped
in the sample (and some thermal neu-
trons from outside) with a cross section
~ 1 barn and release a reaction encrgy
Q, = 4.8 MeV at the outer surface of
the cathode where PdLi alloy and Li
metal layers are formed by electrolysis.

In this reaction, neither high energy
neutrons nor gammas are generated, in
agreement with the well known fact that
there were negligible neutron and
gamma emissions compared with the
thermal effects.

The neutrons generated in the re-
action (2) interact with deuterons in the
sample and solution and Pd nuclei in
the sample. High energy neutrons make
mainly elastic collisions losing their en-
ergy to become thermal neutrons. A
deuteron accelerated by the elastic col-
lision with a high energy neutron can
make inelastic or fusion reactions with
another deuteron or a nucleus in the
cathode generating energy and particles.
Neutrons generated in this process can
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be thermal neutrons losing their energy
to maintain the fusion reaction (1).

In addition to the reactions (1) and
(2) taken up above, there is reaction (6),
which is pertinent with the present ex-
periment. The cross section of the first
reaction in (6) is not so large (~ 7 x 102
barns for thermal ncutrons), but the
abundance of L1 (92.5%) is higher than
that of ®Li (7.5%). If the cycle of reac-
tions starting from the reaction (1) to
(8) is effective, the main source of “He
will be a reactions (1) and (2). Other-
wise, the reaction (6) will play an im-
portant rolc in the helium generation.
We will concentrate our attention on the
cycle started from reaction (1) in this
paper.

4, Numerical relation between
observed quantities.

Now, let us consider numerical re-
lations between the réactions occurring
in the system.

Let us define a probability 7, and
P’, of the occurence of reaction (2) fol-
lowing the reaction (1) in the sampic
and in solution, respectively:

r-gLo, B
P ={p'Lc, ©

where £ and {’ are the relative number
ratios of tritons going inwards and out-
ward (¢ + {’= 1), respectively, to gen-
erated tritons, p and p’are the densities
of deuterium in the sample and in solu-
tion, L and L’ are the path length of the
triton in the sample and solution, re-
spectively, and o, is the fusion cross
section of the reaction (2) at an energy
range from 0.1 ~2.7 MeV.

For one reaction (1), the reaction
(2) occurs P, times in the sample and

P’, times in solution. Some of the neu-
trons gengerated in the reaction (2) will
induce several reactions and produce
energy O, and @, as a whole in the
sample and In solution, respectively.
Total encrgy € generated by the succes-
sive rcactions started from the first re-
action (1) is expressed as follows:

e=Q +P0. +Q.+P 0 +Q.. (T

In this equation, we put values Q,
=4.8MeVand Q, = 17.6 MeV, respcc-
tively, assuming all energy generated by
reactions (1) and (2) is thermalized in
the system.

Total excess energy generated in
the sample through the time 7', in which
occurred n events of the reaction (1), is
given as:

E =Ne, &

The number of helium atom N, cre-
ated at the surface of the sample and in
solution, which is observed in this ex-
periment, is given, then,

N,=N({+P,+P). 9)

Let us estimate the number v, of
reactions (1) per unit of time, Because
we consider the reaction (1) induced
mainly by the trapped thermal neutrons
in the sample (neglecting the effect of
the thermal neutrons from outside),
v, is given as follows:

v,=035N vp JSo. . (10)
where 0.35N v_is the flux density of
the thermal neutrons (cm2s™), N, and
v_ are the density and the thermal ve-
locity of the trapped neutron, respec-
tively, I, and S are the width and the arca
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of the surface layer of the cathode,
where Li atoms arc precipitated form-
ing Li metal or absorbed forming PdLi_
alloy layers, p, . is the density of °Li
nucleus in the layer and o, is the fu-
sion cross section of the thermal neu-
tron with SLi nucleus.

Then, the number v, of the reac-
tion (2) in solution in unit time is given
as follows:

4
v,=Vv P,

(n

The helium atoms observed in this
experiment arc those generated at the
surface and in solution. Therefore, we
have following relations among the
number N of the reactions (1), the total
excess energy E, the observed number
of helium atoms N,, and the time of ex-
periment 7,

E = Ng,
N =(N,+N)T,

(12)
(13)

Taking a path length of 2.7 MeV
triton L”=1 pm, and p= 6 x 102 cm™
for heavy water, we obtain P/, = 3.4 x
10°¢ with 6, = 1 barn. A similar value
is obtained for P, in the cathode. This
means there is generated 3.4 x 1076 neu-
trons with 14.1 MeV in solution for one
triton or for one thermal event generat-
ing an energy of 4.8 MeV. The small-
ness of this value of the probability
gives an answer for the main puzzle of
negligible neutron and gamma emission
compared with the thermal effects:
NN_~1x107, where N_is a number of
events generating neutrons. Therefore,
we may assume P, = P’ =3.4 x 10~ for
simplicity, considering the similarity
hereafter in the sample and solution.

Then, the relations we can use with
experimental data reduce as follows:

E=Ng,
N,= N =vT.

(14)
(15)

Using experimental values N,T =
10" ~ 1025 for EfT=13/5,5=2.6
cm?, the neutron thermal velocity v, =
2.7 x 10° cm/s, density of °Lip, = 3.5
x 10*" ¢cm™ (for Li metal with natural
abundance of °L1), o, ~ 1 barn, we ob-
tain following values:

NI =11x10°~10"cm™

Assuming the width [ of the surface
layer of Li metal as 107 cm, we obtain
the density of trapped ncutrons in the
Pd cathode,

N =1.1x10?~10%cm”.

In the above calculation, we as-
sumed constancy of the neutron density
Nn in the sample. In reality, this is not
valid. N_ varies and it makes v, and the
power generation fluctuaie.

Using the values of £, N, Q,, O,
and P, in the relation (11) and assum-
ing Q, ~ Q’;, we can calculate 0, as 26
MeV. This value gives us an estimation
of the number of reactions the triton
with 2.7 MeV induces. If we assume
that one nuclear reaction generates
about S MeV in average, the number of
reactions induced by the triton is about
five. This value is not absurd consider-
ing a model calculation given before®.

5. Conclusion

In the fine experimental result by
Miles et al.'?, there is one ambiguity
about the rate of *He production, 10"
to 10" atomy/s. In our model of the cold
fusion, the reactions are essentially sto-
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chastic phenomena having only a quali-
tative reproducibility. Therefore, even
in the excellent experiment'?, there
should be a fluctuation in the produc-
tion rate of helium about one or more
orders of magnitude. One should not
deny the result! for the ambiguity of this
magnitude.

One of most excellent experimental
results analyzed in this paper, together
with results analyzed before, gave us an
insight into the physics of cold fusion
through quantitative analysis.

In a preceding paper?, we have ana-
lyzed an experimental data on the heat
and helium generation and obtained a
value as ~ 107 cm™ of the trapped neu-
tron density in Ni cathode with Rb elec-
trolyte in H,O. In another paper in
which analyzed huge excess heat and a
large amount of helium generation®, we
obtained a density ~ 10 ¢m™ of
trapped neutrons in the Pd-black cath-
ode with Li electrolyte in D,O. In the
present analysis, we obtained a value
~ 10" in the Pd rod cathode with Li
electrolyte in D,0O.

These results show consistency in
all the experimental results obtained
hitherto and support TNCF model as a
working model for analyzing the cold
fusion phenomenon. The fundamental
assumption made on which the model
is based is the stable existence of
trapped neutrons in cold fusion materi-
als. Supplementary assumptions were
made about the thickness of the surface
layer, the constancy of the density of
the trapped neutron, and the path length
of the tritium with 2.7 MeV. The new
concept “neutron affinity of nuclei in
lattice” introduced in the model and the
success of the analysis verify the exist-
ence of such a stable neutron against the
beta decay and against the fusion with

one of lattice nuclei. At the heart of the
concept is the fact that a ncutron in a
nucleus (e.g. deuteron) is stable, inter-
acting with a proton in it. Why should a
Bloch neutron in a lattice interacting
with lattice nuclei not become stable if
the interaction has some characteristic*?
This problem is not solved yet. How-
ever, as we’ve seen, the assumption of
trapped neutrons explains various ex-
perimental data consistently, and makes
it impossible to deny its reality.

Our conclusion supports the real-
ity of the experimental result obtained
by Fleischmann et al.®, which have of-
ten been a target of controversy. The
mode! tells us that it is possible by
chance for some events to occur where
enough excess energy is gencrated to
melt the sample in an optimum situa-
tion formed by stochastic processes in
the sample. Pioneering works ofien in-
duce misunderstanding and disbelief in
people deficit of scientific mind. A part
of the pioneering experimental results?®
is analyzed similarly and the result will
be published in the following issue.

We hope further experiments will
be done taking into account the results
of analyses by TNCF model.

The authors would like to express
their thanks to Prof. M. Okamoto of
Tokyo Institute of Technology and Prof.
A. Takahashi of Osaka Univ. for the
valuable discussions through this work.

References

(1) M.H. Miles, R.A. Hollins, B.F. Bush and 1.J.
Lagowski, Ag Correlation of Excess power and
Helium Production During D,0 and H,O Elec-
trolysis Using Palladium Cathodes™, J.
Electroanal. Chem. 346, p.99 (1993).

(2) M.H. Miles, B.F. Bushand I, Lagowski, Ag
Anomalous Effects Involving Exccss Power, Ra-

17 » Cold Fusion 21



diation, and Helium Production During D,0
Electrolysis Using Palladium Cathodes”, Fusion
Technol. 25, p.478 (1994).

(3) H. Kozima, “Trapped Neutron Catalyzed
Fusion of Deuterons and Prolons in Inhomoge-
neous Solids”, Trans. Fusion Technol., 26, p.508
(1994).

(4) H. Kozima, “Neutron Band, Neutron Cooper
Pair and Neutron Life Time in Solid", Cold Fu-
sion, 15, (1996). Proc. 3rd Russian Conference
on Cold Fusion and Nuclear Transmutation)
(Sochi, Russia, Oct. 1995) (to be published).
(5) R. Bush and R. Eagleton, Ag Evidence for
Electrolytically Induced Transmutation and Ra-
dioactivity Correlated with Excess Heat in Elec-
trolytic Cells with Light Water Rubidium Salt
Electrolytes™, Trans. of Fusion Technol. 26, p.344
(1994).

(6) H. Kozima, K. Hiroe, M. Nomura and M.
Ohta, “On the Elemental Transmutation in Bio-
logical and Chemical Systems”, Cold Fusion, 16,
p-30 (1996).

(7) Y. Arata and Y.C. Zhang, “Achievement of
Solid-Siate Plasma Fusion (‘Cold Fusion')”,
Proc. Jpn Acad., T1B p.304 (1995).

(8) Y. Arata and Y.C. Zhang, “A New Energy
caused by ‘Spillover-Deuterium’”, Proc. Jpn
Acad., 70B p.106 (1994).

(9) H. Kozima, S. Watanabe, K. Hiroe, M.
Nomura and M. Ohta, “Analysis of Excess Heat
and *He Generation in Pd-Black Cathode by D,O
+ LiOH electrolysis™, Proc. Jpn. Acad., (10 be
submitted).

(10) G. F. Cerofolini, G. Boara, S. Agosteo and
A. Para, “Giant Neutron Trapping by a Molecu-
lar Species Produced during the Reaction of D+
with H- in a Condensed Phase” Fusion Technol.
23, p.465 (1993).

(11) A. G. Lipson, D. M. Sakov and E. 1. Saunin,
AgSuppression of Spontaneous Deformarion in
Triglycine Sulfate Crystal (D, H,,) by a Weak
Neutron Flux” JETP Lett., 62, p.828 (1995).
(12) G. Shani, C. Cohen, A. Grayevsky and S.
Brokman, “Evidence for a Background Neutron
Enhanced Fusion in Deuterium absorbed Palla-
dium”, Solid State Comm. 72, p.53 (1989).
(13) A.A. Yuhimchuk, V.I. Tichonov, S.K.
Grishechkin, N.S. Ganchuk, B.Ya. Gujofskii,
Yu.L Platnikov, Yu.A. Soloviev, Yu.A. Habarov,
A.B. Levkin, “Registration of Neutron Emission
in Thermocycle of Vanadium Deuterides”,
Kholodnyi Yadernyi Sintez, p.57, ed. R. N.
Kuz'min, Sbomik Nauchnykh Trudov
(Kariningrad) 1992. (in Russian)

(14) F. Celani, A. Spallone, L. Libaratori, F.
Groce, A. Storelli, S. Fortunati, M. Tului and N,

Sparvian, “Search for Enhancement of Neutron
Emission from Neutron-Irradiated, Deuterated
High-Temperature Superconductors in a Very
Low Background Environmeni”, Fusion
Technol., 22, p. 181 (1992).

(15) B. Stella, M. Corradi, F. Ferrarotto, V.
Milone, F. Celani and A. Spalione, “Evidence for
Stimulated Emission of Neutrons in Deuterated
Palladium”, ibid p.437.

(16) A. G. Lipson and D. M. Sakov, “Increase in
the Intensity of the External Neutron Flux in the
Irradiation of KD,PPO, Crystal at the Point of
the Ferroelectric Phase Transition”, Proc. [CCF
5 (Apnl 9 - 13, 1995, Monaco), p.571 (1995).
(17) T. Nakagawa, T. Asami and T.
Yoshida,"Curves and Tables of Neutron Cross
Sections”, JAER{-M 90-099, NEANDC(J)-153/
U INOC(IPN)-140/L} (July, 1990).

(18) D.L.Book, “NRL Plasma Formulary”, Na-
val Research Laboratory, Washington,D.C.,
(NRL Memorandum Repont No. 3332).

(19) H. Kozima and S. Watanabe, “t -d and d - d
Collision Probability in the Trapped Neutron
Catalyzed Model of the Cold Fusion”, Proc. In-
tern. Sympos. Cold Fusion and Advanced Energy
Sources (May 24-26, 1994, Minsk, Beralus) p.
299 (in Russian).

(20) M. Fleischmann, S. Pons and M. Howkins,
“Elecirochemically Induced Nuclear Fusion of
Deuterium”, J. Electroanal. Chem., 261, p.301
(1989).

Though issucs #2 and 3 are sold out
(kaput), there are a few copies of #1 and
issues #4-19 available. There’s an in-
dex to issues 1-18 in issue #19. Back
issues are $10 postpaid in the US and
$15 foreign.

You can get a set of ten assorted
back issues, including the prize-winning
#1 iussue, for $43 postpaid in the US,
and $50 foreign.

Here’s your opportunity to catch up
on the details of the development of
cold fusion. Order from:

Cold Fusion

70 North 202

Peterborough NH 03458

(Visa and MC are okay)

18 » Cold Fusion h21





