1. Introduction

Analysis of the cold fusion phe-
nomenon has been done by the TNCF
(Trapped Neutron Catalyzed Fusion)
model using a fundamental point of
view summarized as follows.

1) The experimental data are ac-
cepted as real as reported.

2) A consistent understanding is
possible for all events in the phenom-
enon from deuterium to protium system.

3) Conventional quantum mechan-
icsis applicable to processes in the phe-
nomenon.

4) A phenomenological approach
is effective in the present stage of cold
fusion research.

There might be some mistakes in
cxperimental data published hitherto,
but those, if any, will be screened out if
we use many data in an analysis from a
unified point of view. There might, of
course, be other points of view used to
seek different causes for different ef-
fects in the cold fusion phenomenon. As
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a basis of analysis, we can trust quan-
tum mechanics in the realm of atomic
and nuclear physics where the cold fu-
sion phenomenon is taking place. Anew
phenomenon generally demands a new
point of view where there may be a new
factor not noticed before, which we
called a missing factor in analogy to
“the missing ring” in anthropology. In-
stead of secking any microscopic ex-
planation for an event in the cold fu-
sion phenomenon, we used whole
events in it to construct a phenomeno-
logical model where the missing factor
is assumed as the thermal neutron,
which is trivial in ambient conditions
and troublesome experimentally, al-
though its positive role in the solid state
- nuclear physics has hitherto not been
noticed. We will show that the model
applied to the cold fusion phenomenon
reveals a tremendous role for the ther-
mal neutron in solids through events in
the phenomenon.
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2. The Cold Fusion Phenomenon

The cold fusion phenomenon was
discovered by Fleischmann et al.*! in
1989. The phenomenon had been char-
acterized by the large excess heat (Q)
and various nuclear products including
tritium {¢), “He, gamma ray () and neu-
tron (n) etc. unexplainable by chemical
reactions. Recently it has been recog-
nized that nuclear transmutation (NT)
is occurring rather widely. A brief ex-
planation of the phenomenon had been
given in our previous papers>¢.

2 ~ 1. Fields and Products (Events)

Materials and products (events) of
the cold fusion phenomenon are full of
variety as tabulated in Table 1. It is re-
markable that not only deuterium D, but
also protium H are agents of the phe-
nomenon,

2 -2, Events Observed :

The cvents observed in the cold
fusion phenomenon can be classified
into two kinds in relation with the rel-
evant nuclear process.

(a) Direct events of nuclear reac-
tions (with energy spectrum or spatial
distribution): y(€), n (&), nuclear trans-
mutation (NT).

(b) Indirect events of nuclear reac-
tions (amounts of products): O, t, “He,
n, NT (with two types in shifts of mass
(A) and atomic (Z) numbers; small (1 ~ 2)
NT, and large (larger than 3) NT,, X-
ray, etc.

Some experimentai results together
with results of TNCF analysis were
tabulated in Tables 2 and 3, enlarging
and revising the Tables given in the pre-
vious papers**s

2 — 3. Characteristics of the Cold

Fusion Phenomenon with D and H

The characteristics of the cold fu-
sion phenomenon can be summarized
as follows:

(a) Null result without background
neutrons,

(b) Enhancement of the phenom-
enon by thermal neutrons.

(c) Preparatory-run takes a long
time, sometimes 3 - 6 months.

(d) Locatization of NT products (in
surface layers of thickness 10 ~1 pum).

(e) No quantitative reproducibility
in the phenomenon,

(f) Qualitative reproducibility is
higher in the sample with larger surfacc-
to-volume (S/V) ratio.

(g) Optimum combination of the
cathode metal and the electrolyle in
electrolytic systems (Pd-Li, Ni-K(Rb)).

(h) Higher x (D/Pd ratio) is prefer-
able to induce events in the Pd-D sys-
tem (0.8 < x).

(i) Simultaneity of expected events
is probable but observed not cvery time
(especially yray) .

The facts (2) and (b) demand a
careful check of the amount of back-
ground neutrons around active sub-
stances in the experiment of the cold
fusion phenomenon. Brief explanations
of ¢) and f) are given as follows.

Characteristics of the qualitative
reproducibility and optimum combina-
tion of cathode and elecirolyte:

In general, the iarger the S/V ratio
becomes, the higher the qualitative re-
producibility is. This tendency has been
observed in many experiments includ-
ing typical examples of Arata’s Pd
black®?, Patterson’s beads**®, thin wires
used by Celani et al.>®, Celluci et al.> "
and Niedra et al>t

Another feature appeared in expe-
rience is the necessary matching of the
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Matrix Substance Agent Direct Evidence | Indirect Evidence
Pd D=d ¥(<) Q

Ti H=p n(e) ‘He

Ni SLi NT products (r) | 3T = ¢

Na,WO;, mB NT (NT[) and NTF)
KD,PO, 3K X-ray

TGS 85Rb,4"Rb I

SrCegsY00sNba.g2Oz7 | gn = 1 I | o

Table 1: Matrix Substances, Agent nuclei, Direct and Indirect Evidences in
Cold Fusion Phenomenon. Q is for the excess heat and NT for the nuclear trans-
mutation. Suffices D and F signify Decay and Fission, respectively..

cathode and the electrolyte to realize the
cold fusion phenomenon. As is gener-
ally recognized empirically, Pd-Li and
Ni-K (Rb) are the best combinations in
the electrolytic experiment of cold fu-
sion phenomenon. A cause of these
combinations will be a chemical con-
dition for formation of the alkali metal
(or alloy) iayer on the cathode surface.
Another possible cause might be a re-
lation among the neutron affinities (cf.
3-4) of the matrix metal, the solute hy-
drogen isotope (D or H) and the elec-
trolyte: the average neutron affinities of
some elements are given as follows (cf.
Table 4); 1.2 (T1), 3.9 (Ni) and 26.5 (Pd);
2.22 (H) and -0.02 (D); and -14.8 (Li),
—-5.51 (Na), 1.5 (K) and -2.7 (Rb).

2 — 4, Difficulty in explanation of
events by simple d - d reactions,
even in the Pd-D system, to say
nothing of the H system.

(a) Direct d — d fusion reactions:
Nuclear reactions assumed by many as
responsible to the cold fusion phenom-
enon;

d+d=1t(1.01 MeV)+p(3.02MeV),(1)
=%He (0.82 MeV) +n (2.45 MeV),(2)
=“*He (76.0 keV) +v (23.8 MeV). (3)

The branching ratios of these reac-
tions were well known in nuclear phys-

icsas~1:1:107. Probability P, , of
the reaction (1) or (2) for a D, molecule
at room temperature is given as P, ~
107457 (cf. Jones et al.>1®),

(b) Predictions made by the d — d
reactions: In PdD crystals these reac-
tions predict following values and rela-
tions between numbers N’s of generated
particles and the excess heat Q at room
temperature; N =N =10'N, , and Q
= 3.65 Nn (MeV):

P,, ~10% cm?s*, N/N),, =1,
N,JN),,~107,Q, , = 4N (MeV).

Thus, the following predictions are
deduced: (a) Probability; probability P;»p
of the reaction (1) or (2) is very low as
102 per cm™ s~ in PdD at room tem-
perature, () Events of n and ¢ genera-
tion; neutron and tritium should be ob-
served even, () Absence of “He; *He
could not be generated, (6) Amount of
the excess heat; O should be ~ 4 MeV
per a neutron (and a tritium) and (€) Re-
producibility; each event should occur
with a definite probability (and not spo-
radic) in PdD.

(c) Numerical discrepancy with
experiments in the Pd-D system. These
expectations had bcen betrayed by the
experimental data (maximum values)
where numerical differences werc up to
10*for P, , (determined by the excess



heat when Q = 10 W/cm?® in PdD, as-
suming the d — d reactions (1) and (2)
like in a D, molecule), 10" forN/N N,/
N, and the excess heat:
) ~10"cm> s, N/N),_ ~107,
/N )~ 1. 0., ~ 10°'N (MeV)
These events have been observed
sporadically and almost without defi-
nite probability, especially for striking
burst-like events which occur mainly in
massive samples.

3. TNCF Model A new phenomenon
demands a new-concept not noticed
before {3 missing factor) for its
explanation.

A phenomenological model*'-
was proposed in 1993 to explain the
cold fusion phenomenon in both deute-

‘Fium and protium -systems as-a-whole -

— TNCF _(the Trapped Neutron Cata-
lyzed Fusion)-model. The missing-fac-
tor of the TNCF model is the -trapped
neutron. The results of applying the
TNCF model to many experimental
data were given in previous papers>2—
and a brief explanation is given in Sec-
tion 3-3. The physical basis of the
model are discussed in Section 3-4.

3 - 1. Premises of the TNCF Model
The TNCF model is a phenomeno-
logical one applicable to materials with
D and/or H. The basic premises (as-
sumptions) are summarized in the pre-
vious paper and given below.
Following premises (assumptions)
are used in the TNCF model. '
Premise 1. We assume a priori the
existence of the trapped neutron (a miss-
ing factor not noticed before) with a
density n_ in pertinent solids, to which
the neutron is supplied essentially from
the ambient neutrons and breeding re-
actions (explained later) in the sample.

The density n_is an adjustable pa-
rameter in the TNCF model and deter-
mined by experimental data using the
supplementary assumptions which will
be explained below concerning with
reactions of the neutron and other par-
ticles in the solids.

Premise 2. The trapped neutrons
react with another nucleus in the sur-
face layer (with thickness ) of the sol-
ids as if they are in vacuum. We express
this property by taking the parameter §
defined below in the relation (4)as £= 1.

Premise 3. The trapped neutrons

1 react with another perturbing nucleus

in volume by the relation (4) below with
£ =0.01 due to its stability in the vol-
ume (except in such a special situation
as very high temperature as 3000 K
-wherewe use § = 1),

Following premises on the mea-
'sured -quantities are used to calculate
reaction tates, for simplicity:

Premise 4. Product nuclei of a re-
action lose all their kinetic energy in the
sample except they go out without en-
ergy loss.

Premise 5. A nuclear product ob-
served outside of the sample has the
same encrgy as its initial one.

This means that if gamma or neu-
tron spectrum is observed outside, it
reflects directly nuclear reactions in the
- solid sample. The same is for the distri-
bution of the transmuted nucleus in the
sample. Those spectra and the distribu-
tion of the transmuted nuclei are direct
information of the individual events of
the nuclear reaction in the sample.

Premise 6. The amount of the ex-
cess heat is the total liberated energy in
nuclear reactions dissipated in the
sample except that brought out by
nuclear products observed outside.

Premise 7. The tritium and helium
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measured in a system are accepted as
all of them generated in the sample.

The amounts of the excess heat,
tritium and helium are accumulated
quantities reflecting nuclear reactions in
the sample indirectly and are indirect
information of the individual events.

Premises about structure of the
sample are expressed as follows:

Premise 8. In electrolytic experi-
ments, the thickness of the alkali metal
layer on the cathode surface will be
taken as 10 = 1 um, except as otherwise
noticed (though the experimental evi-
dences show that it is 1 ~ 10 pm or
more).

Premise 9. The mean free path of
the triton with an energy 2.7 MeV gen-
erated by n + °Li fusion reaction will be
taken as 1 pm, irrespective of the solid
material. Collision and fusion cross sec-
tions of the triton with nuclei in the
sample will be taken as the same as
those in vacuum,

Premise 10. Efficiency of detectors
will be assumed as 100% except as oth-
erwise described, i.e. the observed
quantities are the same as that gener-
ated in the sample and to be observed
by the detector.

A premise will be assumed to cal-
culate the number of events N, produc-
ing the excess heat Q.

Premise 11. In the calculations of
a number of events (nuclear reactions)
N, producing the excess heat Q, the
average energy liberated in the reactions
is assumed as 5 MeV: N, = excess heat
0 (MeV)/ 5 (MeV).

The origin of the trapped ncutrons
can be considered as (1) the ambient
background neutrons, the existence of
which have been recognized widely in
public, and (2) the neutrons bred in the
sample by chain nuclear reactions in-

duced by reactions between the trapped
neutrons and perturbing nuclei.

There are some experimental bases
of these premises.

Premise 1; The possible existence
of trapped neutron. Cerofolini*# and
Lipson** observed temporal changes of
neutron intensity irradiated in a sample
without a change in the total number.

Premises 2 and 3; Nuclear products
induced by thermal neutrons. Shani e
al.*#, Yuhimchuk et al.>?, Celani et al. >3,
Stella et al.>?, Lipson et al.>'* and Oya
et al.>! had observed the effects of ar-
tificial thermal neutrons on neutron
emission in various materials.

Premises 2 and 8; Neutron reac-
tions in the surface laycr, Morrey et al.>
12 Okamoto et al.>'? and Mizuno et al.>-
4 showed helium production and
nuclear transmutation in the surface
layer of a Pd cathode with a thickness
10 0f 2.5 ~ 1 pm.

Premise 3; Low reactivity of vol-
ume nuclei. Notoya et al.>'’ observed
nuclear transmutation and positron an-
nihilation gamma in a porous Ni sample
which showed low reactivity of nucleus
in volume of the sample.

Exception of the reaction rate in
volume was illustrated in an experiment
of Mo cathode at 3000 K where a high
production rate of tritium*'¢ was ob-
served.

3. 2. Reactions used in the TNCF
Model

Relations between quantities in the
trigger reactions are summarized as fol-
lows (Pj= Number of fusion between
the trapped neutron # and a nucleus *, M
in unit time, £ = a numerical factor of ¢
value 1 ~0.01):
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@)
n M="" +IM Q. ........(5)
n+ M=M= M +e” +v,...(6)

n+d=1(6.98 MeV) + y(6.25 MeV),(7)
n+p=d(1.33keV)+ ¥(2.22 MeV),(8)
n+°%Li="He 2.1 MeV)+ (2.7 MeV),(9)
n+7Li="Be+y=2'He+e-+v, +
16.2 MeV + v. (10)

P,=035ny,n,V0,5,

The energetic particle a generated
by a trigger reaction, with a number N,
per unit time, induces breeding reac-
tions between another nucleus A M, the
number P, of which is given as follows
(/, is the path length of the particle a in
the material);

P =Nln,oc,. 11

Relevant breeding reactions in-
duced by a particle with an energy &
n(ey+d=n"+d (€), (12)
n(e+d=n"+p+n”, (13)
t (2.7 MeV) +d="He 3.5 MeV) +n
(14.1 MeV) + 2.7 MeV. (14)
d(eyrd=t(1.01 MeV)+p (3.02 MeV)+¢,

(15)

=’He (082 MeV)+n (245MeV)+€£.(16)
d(1.33 keV) + p = *He (5.35 keV) + v

(549 MeV) + 1.33keV. a7
y(@)+d=p+n, (18)

Y(EI+IM="7M + n............... (19)

n(€)fM=" M +n +n".......... (20)

n(E)AM=2" M +5M"+n ....(21)

The maximum energy of the neu-
tron generated in the reaction (14) is
19.6 MeV which makes the reactions
(20) and (21) easier to occur.

3-3. Explained events with the
adjustable parameter n_= 107 ~ 10"
cm3,

The TNCF model could give a con-
sistent explanation for almost all events
in the cold fusion phenomenon with the'
single parameter nn of 107 ~ 10 cm?,

(a) Probability P and ratios N /N,
of events a and b in the Pd/D/Li sys-
tem.

P)g=P),g NUN), = 105N, /N),
=1, ), =5 x 10°N (MeV).

Probability P, ), " in the TNCF
model is determined by the stochastic
process in the formation of an appro-
priate structure for neutron trapping
(and for trigger and breeding reactions)
in the sample. (— Qualitative reproduc-
ibility)

(b) Possible reactions in light wa-
ter systems.

(¢) S/V ratio vs. reproducibility
(experimental facts)

The larger SIV ratio (4 cm™ ~ 7 x
10° cm™), the higher the qualitative re-
producibility in electrolytic systems. cf.
Tables 2 and 3 on the end of this sec-
tion.

(d) Nuclear transmutation with a
small shift of A and/or Zby a f or an «
decay (NT)).

(e) Nuclear transmutation with a
large shift of A and Z by a fission*?
(NT,).

(f) Threshold value of n_. Our
analysis of the data by Jones et al. 3181
suggests the existence of a threshold
value** of n, an order of magnitude
107 cm™, to trigger the cold fusion phe-
nomenon.

(g) Upper Bound of n_. Our analy-
sis of the data given in Tables 2 and 3
suggested existence of an upper bound
of n_, an order of magnitude 10" cm™,
to trigger the cold fusion phenomenon.
Above this value of n_, the system might
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be unstable and not make the cold fu-
sion phenomenon possible. This might
be the reason there are no cold fusion
phenomenon in and around nuclear
piles, where are 100 many neutrons.

3 — 4. Physical Bases of the TNCF
Model

The success of the TNCF model
suggests an existence of a physical ba-
sis for the model. The following specu-
lation has been given for the physics of
trapped neutrons by the author.

(a) Neutron band in solids and Neu-
tron Cooper pair*2.

The relative position of allowed
and forbidden bands in adjacent crys-
tals works to trap thermal neutrons in
optimum situations. The structure of the
neutron band suggested a possibility of
Cooper pair formation to intensify the
stability of the trapped neutrons.

(b) Neutron affinity of lattice nu-
clei*2,

The quasi-stability of neutrons
trapped in crystals is explained by an
assumption of neutron affinity of lattice
nuclei interacting with the trapped neu-
trons. Inversely, lastice nuclei are desta-
bilized by the interaction with the
trapped neutrons, which results in NT,..
A brief explanation of the idea is given
in the following paragraph.

Let us assume that the neutron
Bloch wave transforms into a proton
Bloch wave when it suffers a /3 decay.
Furthermore, let us estimate the stabil-
ity of the neutron wave by the neutron
affinity 77 of a nucleus defined by the
following relation;

n=-*YM-21M)  (22)

Here, A, M is the nucleus with a

mass number A and an atomic number
Z of a nucleus composing the lattice
nuclei. This definition tells us that the
neutron affinity is a quantity express-
ing an energy difference of two nuclear
states, one with an extra neutron and the
other with an extra proton. The posi-
tive value of 77 means the former has
lower energy than the latter and is more
stable.

For a crystal we define the neutron
affinity of the crystal < 7 > as an aver-
age of 77 over the lattice nuclei. There-
fore, the neutron affinity of a crystal
composed of an identical nucleus is the
same as that for the nucleus.

Furthermore, we may assume that
when a neutron is trapped in a crystal
with a positive neutron affinity < 7 >,
then the neutron is stable against beta
decay.

We have calculated < 1 > for ele-
ments using their natural abundance to
take an average and the result is tabu-
lated in the Table 2 of a previous pa-
perr?.

It isremarkable that the experimen-
tal data tell us that all materials which
show the cold fusion phenaomenon have
positive values of < 77>,

4. Prospect of the Solid State -
Nuclear Physics

The success of the model and
speculation on its basis show a possible
development of a new science: solid
state nuclear physics:

Solid state nuclear physics = phys-
ics related with effects of lattice nuclei
with properties of elementary particles
and nuclei in it and vice versa. (a)
Moessbauer effect. Recoilless emission
and absorption of photons and particles
by lattice nuclei.
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Authors System SV Measured n, Other Results |
em”™ | Quantities em™? (Remarks)
M Fleischmann Pd/D/LA 6 Q. 107 ~10" T {Qniar=10W /e
et al. ~A0 | NN~ T N/ Na~1d x 108
.\'Q/.\',*-U'.l-'h) NQ/N, =10
J R Morrey et al Pd/D/L 20 Q Ne(PLi= THewtt) [ 18 %108 [ Ng/Nyo~54 (If
et (g < 250 3% *He was in Pd)
T. Roulette et al Pd/D/Li 63 Q 10T~ 107
E. Storms et al pPd/D/La [} I~ 2x 10°Bg/mé) 2.2x 10 {7=250h V=60 f) |
E. Storms ) Pd/D/1a 22 Q{Quiar=TW) 5.5x10™ (r=120h) '
A Takahashy || Pd/D/Ta 27 o Ix 10° N /N ~5.3x107
ot al. NN~ T
ML Miles et ol [ Pd/D/1a 5 Q. Mo 107~10™ -
(Vg/ N =1~10) NQ/Nue~h
M. Okanioto ot al | Pd/D/LI 23 Q. NT(TAI= BGy [F~10™ No/Nar~14 o
o ~1 pm
Y Oyarctal. Pd/D/LA 41 Q. yspectrum 3.0x 107 (with™?Cf source)
Y. Arata et al Pd/D/ia 75000 | Q. THe (107™~1077 *~10"77 {Assume ! channel-
em™) ing in Pd wall)
Nl N~
M CH McKuobre Pd/D/Li 25 Q(& Formula) 107~ 10 | Qualit explanation
T.O Passell Pd/D/Li 400 NT(TB— "Li+*He) || 1.1x10 Nup/No=2 |
D. Cravens (PPC) || Pd/H/L1 4000 | Q(Quur/Qin=3.8) 8.5x 107 (If PdD exists) :I
JBockns ot al || Pd/D/Li 5.3 t(~3 8% 107 /emTs) LIx10° N/Nge~1 1
A.G. Lipson e1 al. || Pd/D/Na | 200 v(E,=6.25MeV) 4x10° (I efficiency =1%)
F.G. Wil et al. Pd/D.SO; | 21  (1.8x10°/cin?s) 35x107 (I €o~10um)
F. Cellucei et al. || PA/D/TA 40 Q. "He 22x10° | (Assume Q=5W]
No/Nyc=1~5 No/Nue=) |
. Celani ot al Pd/DJLi 00 | QQumar=1 W) 10X 107 [ (At Quar 200%)
I. Ota et al. Pd/D/1a 10 Q(Wou /Win=113) ['35x10™" [ (r=2200)
D. Gozat ¢t al Pd/D/Li [4 Q. 1. 'Tie W0~10" [ (r~i0%h)
KT Bush o1 al Ag/PAD/Li | 2000 | O(Qumaz=6W) TIx10° | (r=54d Thin film)
T Mizuno et al. Pd/D/Li 34 Q. NT( (TS ™Cr || "2.6x10° | r=230d Pd cathode |
(If Cr preexists) fy <2 pm) lemg x 10em
Y. Iwamura el al Pd/D/Li 10 Q. NT(Ti, Cretc) 7.4x10 T (NT unexplained)
(4 W/2 em?)
G S Qiao et al Pd/H. 118 NT(Pd— Zn + S) 38 10T § (Discharge =1 v,
i in surface layer fo=40/m) ]
ﬂ_ll Kozima ek al Pd/DH/Li | 200 n(25x 1077 /s) 2.5 x 107 Bfficiency=0.41%

Table 2: PA/D(H)/Li(Na) system. Neutron density n_and relations between the
numbers N_ of event x obtained by a theoretical analysis of experimental data
using the TNCF model (NQ = Q(MeV)/ 5(MeV)). Typical value of the surface vs.
volume ratio S/V(cm™) of the sample is tabulated, also. PPC stands for Patterson
Power Cell. The mark * in the result signifies use of an additional assumption in

the analysis.

(b) Solid state nuclear physics. The
trapping of thermal neutrons in solids,
quasi-stability of the trapped neutron,
and de-stabilization of lattice nuclei by
the neutron trapping.

(c) The cold fusion phenomenon.
Each event in the cold fusion phenom-
enon is a probe for solid state nuclear
physics.

4 - 1. Neutron

Properties of the neutron is sum-
marized as follows.

(a) Free neutron: The neutron is an
clementary particle with no electric
charge and is one of two components
of the nucleon, which constitutes the
nucleus. Another component of the
nucleon is the proton, with a charge of
e=48x10"esu.=16x10"C.
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[ Authors System ST T Measured i, 1 Other Besults
{em™ '} | Quanuities {em™?) (Remarks)
S.E. Jones ot al Ti/D/Li | 4.1 {245 MoV ATx107 [ (0An/s w3 g T
R Mills et al. Ni/H/K 160 Q013 W) 34x 10T T(75x50%0.125mn
R.T. Bush {Sample §§ Ni/H/K ~160 NTERK— ™) B30T Vo /Nur~3.5 (b
size assuned) Ni/ll/Na ~160 NT(FNa— DMg) || “53%10'" | K decay time =
K. Bush ot al NiJH/Rb [ ~107 | Q.NT(Rh— 1) 16%10° | Ng/Nnr~3
1. Savvatinova Pd/Ds 100 N'T{Pd— Ag) 9x 10V {Discharge)
V. A Alekseev et al. {| Mo/Da d.1 {(~10"/s) 1.8x 10 (If sample 1s Mol
V. A Romodanov TiC/D At t(~10"/s) 10°~10% (D/Ti~0. Sassum(
Q. Reifenschweiler TvPonos | 14 WF | Jdecay reduction Lixig! {1'=0~450°C)
J. Dufour(SS s for Pd SS/D- 1k Q. 1 n 9.2x 11T (D(H)/Pd~1
Stainiess Steel) Pd.SS/H- 4.0x10¢ 15 assumed)
TN Claytor et al. | Pd/D., (00 (250G 1.6x 107 ] (1T D/Pd~0.5)
M., Srinivasan et al. || T1/Dq 500 [T (1/d~1077) 1Y% 10% (Aged target plat
A. De Ninno et al. Ti/D. 0 |t (o Ba/g Da) |[ 125107 (D/Ti=1,7=1wee
S Focardi ot al. N k7 @ T 30107 (V=10 was use
| R.A. Oriani SrCeOy/D | 227 | Q~07TW(6i3K) | 1.0<10™° | V=03Ten®
R. R. Notoya Ni/D/K 2 Qer/Qin~25 3107 | No/Nar~2.6 (I
(N1 plate) NT(HR - 000 W decay time =
R. Notoya et al. Ni/DH/KR 34000 TN R = TR TAx 107 T (Ni powder sinter
H. Yamada et al Pd/D, ’;8) . NT(0— B¢) || 20107 | (Discharge)
I'. Cuevas et al. T 5 134 n(102 n/s) 54100 [ (11D, plate with
J.M. Niedra et al. Ni/H/K 30 Q(I1.4 W) 1.4x 107 (Ni 5kmx0.5ming
T.Ohmori et al. Au/H/K | 200 QNT(Au— be) ~ 10" {Au 0.tmm thick)

Table 3: Ni/H/K system and others. Neutron density n_and relations between th
numbers N, of event x obtained by theoretical analysis of experimental data usin
the TNCF model (NQ = Q(MeV)/5 (MeV)). Typical value of the surface vs. vol
ume ratio S/V(cm™) of the sample is tabulated, also. The mark * in the resu!
signifies use of an additional assumption in the analysis.

The mass of the neutron is 939.55
MeV, which is a little heavier than that
of the proton at 938.27 MeV. The value
of its spin is 1/2 h and of the magnetic
moment 1.9135 1. The neutron as an
clementary particle which exhibits
wave properties with a characteristic
wave length

bk
p +2mE

which takes a value 1 x 10 c¢m for a
kinetic energy of 0.13 eV or2.28 x 10-*
cm for 0.025 eV (the themmal energy).

The neutron is unstable in its free
state and decays by beta disintegration
with a constant of 887.4 +/- 0.7 sinto a
proton, electron and neutrino, liberat-
ing an energy of 0.77 MeV.

As a building block of nuclei, neu
trons interact with each other and wit!
protons in a nucleus through the nuclea
force, having a range of about 3 x 10
cm. As a result of this interaction, neu
trons in a stable nucleus become stabl
against the beta decay.

(b) Interaction of neutron with a
nucleus

Due to the lack of electric charge
neutrons can approach a nucleus with
out being repelled by its positive charge
Therefore, a neutron can enter a nucleu
no matter whether it is fast or slow caus
ing, several types of reaction with th
nucleus.

The reaction can be classified a
follows;

1) Scattering of neutron (elastic and ir
elastic),
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2) Nuclear reaction leading to the emis-
sion of charged particles (n,8), (n,p) and
(n.a),

3) Nuclear reactions leading to the emis-
sion of several neutrons (n, 2n) and
(n,3n),

4) Capture of neutron (n,7),

5) Fission of lattice nuclei by an ener-
getic neutron (or reaction products).(cf.
(c) 2) below.)

(c) Interaction of neutron with
lattice nuclei

1) Dynamical effects

Neutron diffraction

Neutron band

Neutron Cooper pair

Reaction with aperiodic nuclei

There are experimental evidences
for the neutron band structure; Neutron
trapping “! (another phase of neutron
diffraction + the neutron band) and
lattice effect on the neutron effective
mass of +/- 10 m *?) (an evidence of
the neutron band structure).

2) Energetic effects

Stabilization of neutron by interac-
tion with lattice nuclei

De-stahilization of lattice nuclei by
the trapped neutron.

Success of the TNCF model might
be an evidence of the first effect and an
evidence of the second might be the NT
with a large shift of A and Z3154%$
(NT,).

‘We noticed that the neutron acti-
vation analysis was used to detect trans-
muted elements in an remarkable data
by Miley et al.** where they observed
a large amount of nuclear transmutation
of cathode elements up to more than 40 %.
From our point of view, the thermal
neutrons used in this analysis can in-
duce additive transmutation of elements
to those induced in the electrolysis pro-
cess. Thus, their data of the puzzlingly

large amount of transmuted elements is
understandable by using the TNCF
model*",

(d) Electrons, photons and neutrons
in a crystal lattice
1) Electrons
Electrons in a lattice = Electrons +
Ion lattice
Electron-electron interaction
—Collective motion + individual
motion with short-range interaction
=Collective motion + free electrons
Electrons + ion lattice = collective
motion + (free electron + ion lattice)
—Collective motion + Electron
bands
2) Photons
Photon + Photonic crystal — Pho-
ton bound state
3) Neutrons
Neutron-nucleus interaction ¢ free
electron-ion interaction
Neutron diffraction « electron dif-
fraction
Neutron band « electron band
Neutron effective mass ¢ electron
effective mass
Neutron Cooper pair ¢« electron
Cooper pair (superconductivity)
Neutron “reactor” « electron ac-
ceptor
Stabilizaiion of neutrons in a lat-
tice « metallic binding
De-stabilization of lattice nuclei ¢~
LED (light emitting diode)

4 - 2. Prospect of Neutron Physics
(a) Neutron as an elementary particle
(b) Neutron in a crystal
(c) Neutron in a nucleus
(d) Neutron in a star
(e) Neutron physics and the cold fusion
phenomenon

Quasi-stabilization of trapped neutrons
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De-stabilization of iattice nuclei
Application of the nuclear reac-
tions induced by the trapped neutrons
1) Energy source and 2) Decrease
of radioactivity

5. Remaining problems concerned
with the TNCF model:

(a) Justification of the neutron af-
finity introduced to investigate the
quasi-stability of the trapped neutrons.

(b) Determination of the threshold
value of n_for the trigger reactions de-
duced by the analysis.

(c) Explanation of the scarcity of
gamma rays observed in the experi-
ments.

(d) Lack of expected simultaneity
of events in some experiments.

(e) Meaning of the parameter n . Is
it the density of the real thermal neu-
trons trapped in solids ?

6. Summary of nuclear reactions
used in the TNCF model and the
conclusion.

The following reactions, well
known in the nuclear physics, which
have been used in the analysis.

6-1. Reactions

(a) Trigger reactions (by a trapped

thermal neutron);

n+d=:+y+625MeV, (23)
n+p=d(1.33keV)+7v(2.22 MeV),(24)
n+’Li=*He(2.1MeV) + 1 (2.7 MeV),(25)
n+Li=*Be+y=2*He+e +v_+
162 MeV + 7. (26)

(b) Breeding reactions (by an en-
ergetic paxticle with an energy £ gener-

ated by trigger reactions);
nE+d=n+d (&), (28)
n(g)+d=n"+p+n”, (29)

{ (27MeV)+d="He (3.5MeV)+n
(14.1 MeV), 30)
d(erd=1(101 MeVHp(.02MeV)+£(31)
=>He(0.82 MeV)+n(2.45 MeV)+¢,(32)
d (1.33keV) + p = He (5.35 keV) + 7
(549 MeV), 33)

v(€)+d=p+n, (34)

NT,, is explained by one of the re-
actions (27), (35) and (36) and NT, by
@7.

6-2. Predictions and experimental
results in systems with deuterium
results of sections 2—4 and 3-3 are
summarized as follows:

(a) Simple d — d reactions

P,,~10%cm>’, N/N ), = 1, NHe/
N),,~107,Q,,== 4N (MeV).

(b) The TNCF Model

Py =P, N/N),, =10,
N, JN), - =1,0), = 5x 10N, (McV).

(c) Experimental results (maxi-
mum values)

P),, ~10%m?s?, N/N),_ ~107,
NJN), ~1, Q),,~10N (MeV).

6-3. Conclusion

The theoretical analysis given
above depicts clearly a possible mecha-
nism of the cold fusion phenomenon as
a physics of thermal neutrons in appro-
priate solids and shows the possibilities
of its application for an energy source
and a radioactivity extinguisher.
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