Abstract

The data showing the detection of
neutrons during the cold fusion phe-
nomenon in various background envi-
ronments were analyzed successfully
using our TNCF model. The result
shows that another phase of the cold
fusion phenomenon has been revealed
by the precise measurements of the
nuclear products which have sometimes
been accepted as a negative proof of the
existence of the phenomenon itself.

Two of experimental results by
Jones et al. are taken up and interpreted
consistently with the value of the ad-
justable parameter n_in the model, the
density of the trapped neutrons supplied
from the ambient neutrons, of ~ 10" cm
for the positive and less than ~ 107 cm™
for the negative case. The value of n_
for the former is in the range of values
determined hitherto in various materi-
als used in the cold fusion research
which have produced positive results.
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1. Introduction

It is almost not necessary to speak
about the reality of the cold fusion phe-
nomenon which was discovered! in
1989 because there has been so much
evidence of the generation of the excess
heat Q, tritium ¢, helium *He, nuclear
transmutation (NT), neutrons 7 and others
with a high qualitative reproducibility
in various materials and situations.
However, there is still some skepticism
in the world, mainly rooted in a misun-
derstanding of the experimental results
which have been done with precision
measurements. '

One of the most careful measure-
ments of nuclear products in cold fu-
sion research has been done by Jones et
al? in the presence of ordinary back-
ground neutrons. Ths data showed the
generation of neutrons with an energy
of 2.45 MeV as expected from the prob-
able reactions between deuterons. Simi-
lar positive experiments under ordinary
conditions have been reported by many,
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including De Ninno et al.>*, Menlove
et al.*, Bressani et al.%” (Ti/D systems),
Takahashi et al.3, Nakadaet al.* and Sato
et al.’* (Pd/D systems), which have
shown the existence of not only 2.45
MeV but also 3 ~ 8 MeV neutrons in
the nuclear products of the cold fusion
phenomenon.

In a process to refine the measure-
ments, however, Jones et al. was unable
to reproduce the cold fusion phenom-
enon in experiments done in laborato-
ries with almost zero background neu-
trons'2, These results?* tell us clearly
that the cold fusion phenomenon is in-
timately related to the existence of back-
ground neutrons.

The TNCF model**, which I first
proposed in 1993 at ICCF4, has been
used to examine more than 40 typical
experimental data, successfully provid-
ing a consistent explanation for them
using only one adjustable parameter.
The model is a phenomenological one
with a single parameter n , the density
of the assumed trapped neutrons, with
several supplementary premises which
are not adjustable. The experimental
data confirms the premises of the
model, including the existence of the
cold fusion phenomenon in an environ-
ment with background neutrons and the
absence of it without background neu-
trons.

In addition to the experimental data
by Jones et al., which shows the rela-
tion of the cold fusion phenomenon and
amount of the background neutrons,
there are several evidences of effects of
the thermal neutrons on the cold fusion
phenomenon. The first published data
by Shani et al.* and following by sev-
eral®™?5 have shown clearly the en-
hancement of the cold fusion products
when the cold fusion materials are irra-

diated with thermal neutrons,

It is also now well established that
the most well known products of the
cold fusion phenomenon are excess
heat, tritium, helium *He and trans-
muted nuclei, but not neutrons. The
detection of neutrons had been tried
successfully, but the occurrence was
rare compared with the other products.
In addition to the scarcity of neutron
generation, the energy of the detected
neutrons was widely distributed, up to
more than 10 MeV and not restricted to
the 2.45 MeV detected by Jones et al.2

This riddle about neutrons in the
cold fusion phenomenon has lead many
to doubt the phenomenon itself. Thus,
the cold fusion phenomenon has been
ignored by many, leaving it to just the
few scientists who have the true pio-
neering spirit.

We have interpreted the experimen-
tal results from data obtained during cold
fusion research and have explained some
phases of the confusing data produced
using the TNCF modei'**. The consis-
tency of the experimental data obtained
by Jones et al. > with that produced by
many other researchers should again
reinforce the reality of the cold fusion
phenomenon.

2. Experimental Data of Jones et al.
and Others

There are twc reports of precision
neutron measurements with positive?
and nuil™ results in different environ-
ments.

2-1. Positive results of Jones et al.
Jones et al.? made a precise mea-

surement of 2.45 MeV neutrons from
electrolytic cells with Pd or Ti cathodes
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and an electrolytic solution of several
electrolytes. The electrolyte was typi-
cally a mixture of ~ 160g D,O plus vari-
ous metal salts in ~ 0.1g each:
FeSO,-7H,0, NiCl,-6H,0, PdCl,,
CaCO,, Li,SO,-H,0, Na,SO10H,0,
CaH (PO,),-H,0, TiOSO,-H,SO,-8H,0.

There were 5 runs out of 14 with
significant amounts of neutrons that
were more than experimental errors
(positive results.) We take up one of 5
cases, run No. 6, which is a particularly
noteworthy one with a statistical signifi-
cance of approximately five standard
deviations above background, as the
authors of the original paper® described.

In this experiment fused titanium
pellets were used as the negative elec-
trode, with a total mass of ~ 3g. The
neutron production rate increased after
about one hour of electrolysis. After
about eight hours, the rate dropped
dramatically, as shown in the follow-
on run 7 in their Fig. 4. The experimen-
tal rate of neutron detection was (4.1
0.8) x 10 s with the neutron detec-
tion efficiency including geometrical
acceptance 1.0 + 0.3%. The D/Ti ratio
was estimated to 2. The number of back-
ground neutrons was 3.6 x 1(Z n/h.

This result of the neutron detection
means that the observed neutron gen-
eration is 0.41/s from a fused Ti cathode
composed of three spheres of 1g each,
the volume of which was ~0.22 cm® and
a linear dimension ~ 7.4 mm. It should
be noticed, however, that the detected
neutrons were those with energy of 2.45
MeV. From their neutron energy spec-
trum shown in Fig. 2, we can guess there
were other neutrons with higher ener-
gies than 2.45 MeV detected by the au-
thors. Their disregard of neutrons with
higher energies will be discussed in the
Conclusion,

It is also emphasized here that the
phenomenon does not always occur,
even in a situation with background
neutrons, i.e. the necessary condition for
the phenomenon is not limited to the
existence of the existence of back-
ground neutrons.

2-2. A Null Result Of Jones Et Al.

On the other hand, Jones et al.®
performed precise measurements of
nuclear products, neutron, gamma and
X-rays, in an environment with low
background neutrons of 0.07 n/h and
null background gamma. In this experi-
ment, they used a rod shaped Pd cath-
ode with a diameter 6 mmg. The length
of the rod was not described in their
paper so we will take it as 1 cm arbi-
trary (allowing one order of magnitude
uncertainty for this ambiguity in the fi-
nal result). The anode was Pt gauze and
electrolyte was 0.1 M LiOD.

For background runs they mea-
sured 0.07 +0.01 n/h burst-like and 0.65
+ 0.1 n/h single signals. The efficiency
of the measurements was more than
20% for burst-like and 14% for single
signals. For foreground run they ob-
tained almost the same signals of 0.07
n/h burst-like and 0.65 n/h single. Fur-
thermore, they could not detect either
gamma or X-rays in the experiment
with null background gamma.

From these results™ they concluded
that there were no meaningful signals
produced by the cold fusion phenom-
enon and that there were no fusion re-
actions between two deuterons in the
system (a null result). It should be noted,
however, that their conclusion was
based on an assumption that sole direc!
d - d reaction is relevant with the cold
fusion phenomenon.
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2-3. Energy Spectrum of Neuirons Mea-
sured in Cold Fusion Experiments

There have been several reports of
the neutron energy spectrum detected
in cold fusion experiments**®,

In the electrolytic system of Pd/D/Li,
Takahashi et al.® and Nakada et al.**
measured neutrons in the energy range
up to about 10 MeV.

Nakada et al.*!® have been work-
ing with the eletrolytic system with Pd
cathode and LiOD + D,0 using L-H
mode electric voltage for a period of six
hours. They detected neutrons and ex-
cess heat during the electrolysis. In the
six experiments where they observed
the excess heat, neutrons were measured
in three cases. The energy distribution
of the measured neutrons showed (1) a
group with a peak at 2.45 MeV and (2)
another with wide spread energies
higher than 2.5 MeV up to ~ 8 MeV.
The number of neutrons in the first
group is less than the second. They also
measured in a run two bursts of neu-
trons 5 and 20 hours after the beginning
of the electrolysis.

The data of simultancous observa-
tion of tritium and neutrons obtained by
Takahashi et al 2 also showed an energy
distribution of neutrons with more than
3 MeV predominating over 2.45 MeV
in the Pd/D/Li system.

On the other hand, in the gas loaded
TyD and Pd/D systems, Bressani et al.*?
made elaborate measurements of the
energy spectra of neutrons. They ob-
served significant signals above 1 MeV
up to 7 MeV from Ti/D but Pd/D sys-
tem relative to corresponding protium
system,

3. Analysis of the Experimental
Data Using the TNCF Model

We analyzed the experimental data?
of run 6 (a positive result) and those"
with the null result in this section using
the TNCF model. It is advisable to no-
tice here that the applicability of the
model to systems of not only Pd, but Ti
and others has been shown by analyses
given in previous papers'**, without
taking into account characteristics of
matrix solids, but the density of oc-
cluded hydrogen isotope and the surface
layer of alkali metal (or alloy). We can,
therefore, treat the systems where neu-
trons have been observed using the
TNCF model.

From our point of view the trapped
neutrons in the TNCF model can exist
in a sample with appropriate properties
and are supplied initially from the am-
bient background neutrons. In a situa-
tion where there are no background neu-
trons, therefore, the parameter n_, the
density of the trapped neutrons, should
be zero, and no cold fusion phenomena
are expected to occur. This is consis-
tent with the null result obtained in a
low background experiment? which
was done to precisely check the neu-
tron generation from the electrolytic cell
which had shown positive resuits with
background neutrons.

3-1.Fundamental Premises Used in the
Analysis.

In the presence of background neu-
trons, the trapped neutrons with a den-
sity n_, are expected to exist in solids
where the conditions are appropriate.
Then, the reactions in the TNCF model
which are used to analyze the experimen-
tal data by Jones etal. > are written down
as follows. The trigger reaction:

ntIM="M M0 (1)
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occurs between a trapped thermal neu-
tron n_, and one of nuclei A, M in the
lattice with a mass number A and an
atomic number Z generating an €xcess
energy Q and nuclear products *, M’s
where*M =7, ‘M=n,'M=p, M=d,
3M=1t,*M="He,elc.

The raie Pf of the above reaction
per unit time is expressed by the fol-
lowing relation:

P= 0.35n

vnVo E  (2)

where 0.35n v_is the flow density of the
thermal neutrons per unit area and time,
n,, is the density of the nucleus 4,M in
the reaction region with volume V and
on,, is the cross section of the reaction.
The factor & expresses an order of the
stability of the trapped neutrons in the
trapping region; we take & = 0.01 for
reactions which occur in volume and
& = 1 for reactions in the surface layer,
as explained in the previous papers'¢’,

The energetic particles generated
by the trigger reactions react with par-
ticles in the lattice and cause the breed-
ing reactions shown below, The rate per
unit time of a reaction between an en-
ergetic particle with an energy €and one
of stable nuclei in the solid is given by
a similar formula as that in vacuum:

P7= Nr.nNoNl'

where N, is the number of particles with
an energy € generated in the sample per
unit time, | is the path length of the en-
ergetic particle, n,, is the density of the
nucleus, o, is the cross section of the
reaction.

In the case of the ¢lectrolytic sys-
tem used in the experiment***12, the rel-
evant trigger and breeding reactions are
written down as follows:

&)

¢ Li=* He (2.1 MeV) +1(2.7MeV), (4)
n+d=1(698 keV) + v(6.25 MeV), (5)

Ker d=* He (3.5 MeV+n(14.1 MeVe,

©
n(e)+d=n(€)+d(e, %)
d(erd=Fe(0.82MeV)y+n (245MeV e,
®

Cross sections ¢ of these reactions are
given as follows from data books**":
0,,=94x10b,0,_,=5.5x10*b,
0,_,=142x10"b (¢g,=2.7 MeV),
0,,=3.0x10°Db (¢ = 6.98 keV),
o, ,=886x10°b(g,= 12.5MeV) and
o, ,=55x10"b (¢, = 14.1 MeV). The
energy of the deuieron 12.5 MeV, used
in the calculation of the reaction (8) for
simplicity is the maximum one obtained
in the reactron (7).

3.2. Analysis of the Positive Result of
Jones et al.

We assume following values as rea-
sonable for parameters in the experi-
mental system, though they have not
always been written down explicitly in
the paper?; the cathode used in the ex-
periment was made of three spheres
weighing 3g each, on the surface § of
which was a layer of Li with a thick-
ness [, = 1 um deposited by electroly-
sis; n,; = 3.44 x 10* cm™, assuming
natural abundance 7.4% for °Li. Follow-
ing the recipe described before, we
take the factor £ = 0.01 in the volume
and the pass length / = 1 pm for all
charged particles and / = L (= linear di-
mension of the sample) for neutrons, for
simplicity. We use following values for
the sample size; L = 1 cm arbitrarily,
§=3.66 cm?and V = 0.66 cm®, The D/Ti
ratio was assumed as 2 and therefore
n,=1.14 x 102 cm,
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By the two four-step-reactions,
Series (a) from (4) to (8) through (6)
and (7), and Series (b) from (5) to (8)
through (6) and (7), generating finally
neutrons with 2.45 MeV, we can deter-
mine n_, using the relations (2) and (3)
and the experimental data on neutrons
explained in Section 2,i.e. N, =041 n/s.

If only one of the two series is ef-
fective, we can calculate n, at the high
time of neutron generation for the above
series (a) and (b) as follows.

(a) Series from n — ®Li reaction (4).

Numbers of 2.7 MeV tritons N,
generated by the reaction (4), 14.1 MeV
neutrons N_ by (6), deuteron N, by (7)
and 2.45 MeV neutron N_ by (8) are
written down as follows:
N,=035nvnSlo, & 9)

!

N.=Njpo o (10)
N,=NLngo, , (11)
Nn'_‘Na]'/’dq.H' (12)

The cross sections of these reactions for

corresponding particle energy are 9.4 x 107,

1.42x102,5.5x 10 and 6.24 x 103D,

respectively.

From these relations we can obtain
arelation between the parameter n, and
the number N, of neuirons determined
by the experiment: (13)

N,

n = ,
" 0.35v,min il LSKO, 10, 4Oy 404y

Using this relation with parameters
given above, we obtain the value of the
trapped neutrons as follows:

n =44x10" cm?,
(b) Series from n — d reaction (5).

Numbers of 7.0 keV triton N, gen-
erated by the reaction (5), 14.1 MeV

neutron N, by (6), deuteron N, by (7)
and 2.45 MeV neutron N_ by (8) are
written down as follows:

N =035nvnVo, £ (14)
N.=Ning., as)
N,=NLng, , (16)
N=Nipg, (7

The cross sections of these reactions for
corresponding particle energy are
5.5x 104 3.04x 10¢, 55 x 107 and
8.86 x 10-* b, respectively.

From these we can obtain a rela-
tion between the parameter n_, and the
number N_ of neutrons determined by
the experiment: (18)

N

R

035w in I LVG, 0,0y Ou st

nl

Using this relation with parameters
given above and the experimental re-
sult N = 041 s™', we obtain the value
of the trapped neutron as follows:

n,=59x10"cm?,

Thus, the first series (a) starting
from the reaction (4) played a predomi-
nant role by a factor of 1(? in this sys-
tem and the density of the trapped neu-
tron was ~ 4.4 x 10" cm™, This value
of n_will change by one order of mag-
nitude, depending on the change of the
nature of the surface layer on the cath-
ode, which we assumed as Li metal with
a thickness of 1 pm,

It is ciear that the former experi-
ment? was done in an environment
where there were a lot of background
neutrons, as shown in Fig.2 of the pa-
per, which guarantees the existence of
trapped neutrons in the sample without
asking about its density. The surface to
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volume ratio S/V of the Ti cathode in
the above run 6 was 8.1 cm'. The S/V
ratio is an index of the qualitative re-
producibility of the cold fusion phe-
nomenon? and this value of 8.1 cm™
belongs to the minimum range of val-
ues where the cold fusion phenomenon
was observed before. This is, perhaps,
an origin of the poor reproducibility of
the Jones’ result of neutron generation?,

3-3. Analysis of the Null Result of Jones
etal.

On the other hand, in the experi-
ment" conducted in an environment
where there was a very low neutron
background of 0.07 n/h for burst-like
signal which we consider a result of cold
fusion events in the cathode, it was not
observed any neutrons above experi-
mental error. If we take the accuracy of
the detection as 10% of the background
level, i.e. 7.0 x 107 /h, we can set the
upper bound for the generated neutrons
as 9.5 x 10¢ /s, taking the efficiency into
our consideration. This value is com-
pared with the value 4.1 x 107! is ob-
tained in the positive result (run 6).

This value of 1.3 x 10-%/s is used to
determine the maximum value of the
trapped neutrons in the model (with use
of the reaction series (a) explained in
Section 2) giving a value

n =23x10"cm>,

The absence of any gamma in the
null result” is consistent with reactions
(7,9, (10) and (11), supposedly ex-
isting in the sysiem.

3-4. Analysis of Other Results on
the Energy Spectra of Neutrons

The other results on the electrolytic
system**® are analyzed similarly, giv-
ing analogous results to that given
above, so it is not necessary to repeat
the process again.

On the other hand, some explana-
tion should be given about the results
of the gas contact systems. In the case
where there is no surface layer of alkali
metal on the sample surface, the initial
trigger reaction is an n — d reaction (5)
in volume, with reaction (6) in the sur-
face layer. In this case, the number of
generated neutrons with the energy 2.45
MeV N is proportional to the fourth
power of the density of the deuterium
ng N o< (n)". (In the case of the elec-
trolytic system, this dependence is the
third power as seen in the relation®,

The positive result in Ti/D and the
nuil result in Pd/D systems obtained by
Bressani et al.’” could be explained by
this dependence of N, or: the n, if other
conditions (for instance, n_) were the
same where n,is 11 and 6.9 x 10® cm™
for TiD, and PdD, respectively. If deu-
terons are occluded to its maximum
value, the ratio of the generated neu-
trons will be 1.46 x 10# vs. 2.27 x 1(¢
(i.e. 6.4 vs. 1). This difference probably
obscures the signal in the Pd/D system
in the experiment” where the signal-to-
error ratio was about 5.

From these estimaticns we can
guess a little about processes in the neu-
tron generation using our model. A
negative result is, of course, due to
many causes which impair one of the
necessary conditions for realization of
the cold fusion phenomenon. If we con-
sider only the density of the trapped
neutrons, assuming other conditions are
the same, we could take the above value
of n_as the threshold for the phenom-
enon.
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The ratio of background neutrons
in the positive and in the null results by
Jones et al. was ~ 7.7 x 10. The ratio of
densities of the trapped neutrons deter-
mined above was at least 1.9 x 10* for
the best positive results. The difference
of the two ratios of ~ 2.5 x 107 could be
attributed to the role of breeding reac-
tions in the best time for positive results
if it is reasonable to assume the density
of the trapped neutrons in the prepara-
tory period is nearly proportional to the
number of background neutrons, as it
could not be expected that breeding of
the trapped neutrons occurred in the
sample before the experiment. In such
a situation as this, it is clear by using
the TNCF model that the null result re-
ported by the authors is a natural con-
sequence of the circumstance with al-
most zero ambient neutrons.

4. Conclusion

In the process of the development
of a new science the appearance of new
experimental facts can require the cre-
ation of new concepts to explain them.

A world-wide controversy arose
around cold fusion for about two years
after its discovery and then enthusiasm
for developing the new science shrank
as a result of the predominantly nega-
tive opinions, ..which were rooted in the
poor reproducibility and inconsistency
of experimental data. The group which
measured 2.45 MeV neutrons in 1989
had continued their effort to prove the
occurence of nuclear reactions in sol-
ids in an environment without back-
ground neutrons by the detection of
neutrons they had measured before.
Their precision experiment was done in
an environment where there was almost
zero ambient neutrons to improve S/N

ratio. They obtained a null result™*? and
concluded that there were no nuclear
reactions in solids at near room tem-
perature in this case.

In the controversy after the discov-
ery of cold fusion one of discussions
was concentrated at discrepancies be-
tween experimental resulis™* and com-
monly accepted nuclear reactions:

d+d=1(1.01MeV)+p(302MeV), (19)
=He (0.82MeV)+n(245MeV), (20)
=*He +7(23.8 MeV), (21

which is assumed to be the only relevant
reactions with the cold fusion phenom-
enon. The branching ratios of these re-
actions have been well known in nuclear
physics as ~ 1 : 1: 10, This predicts a
following relation between the number
of generated particles; N =N, = 10'N, .

Thus the well established knowl-
edge about the reactions told us that (1)
the fusion probability of reaction (19)
or (20) at room temperature is very low
by a factor of 10-3° compared with the
observed excess heat, (2) neutrons and
tritium should be observed, (3) *He
should be absent and (4) the excess heat
should be ~ 4 MeV per a neutron (and
tritium). These expectaticns had been
betrayed by the experimental data and
numerical differences were up to 107,
except the probability of occurence by
10%, as mentioned above.

These discrepancies, in addition to
the poor reproducibility of experimen-
tal results, had produced a disbelief in
the experimental data of the cold fusion
phenomenon. Thus, the theory of simple
d — d fusion reactions (19) to (21) were
discouraged by the failure to reconcile
the theory and the experiments. It was
clear that it was necessary to develop a
new theory, perhaps a phenomenologi-
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cal one, to explain the above discrep-
ancies and the poor reproducibility of
the cold fusion phenomenon. Various
events in the cold fusion phenomenon,
though some of them were obscured by
the patent barrier, together with analy-
ses using the TNCF model, disclosed
some phases of a new science to those
with an open mind to new concepts. The
dogma barrier is not easily overcome.

The problem of the reproducibil-
ity was explained by the model as a re-
sult of stochastic processes in the for-
mation of a structure optimum to trap
thermal neutrons in the solids. Then, the
value of the density n_ = 4.4 x 10" cm™
determined above in the positive result
by Jones et al. is in the upper range of
values n, = 107 ~10"* obtained in the
previous analyses'". As a cause of this
characteristic of the data, the rather high
value of the parameter, by Jones etal.?,
we can point to the special combination
of electrolytes used in the experiment.
As shown in Section 2, the electrolyte
used in the experiment contained sev-
eral metal salts, so it was probable that
the surface layer had a complex struc-
ture which worked more effectively to
trap neutrons than usual Li or PdLi
layer.

In the case of the null result by
Jones et al., the density of the trapped
neutrons was calculated as at most 108,
if other conditions were the same. This
value is lower than the minimum deter-
mined for Pd/D/Li systems, where posi-
tive results were observed”. Only one
exception is n_ = 10° cm™ for the case
by Takahashi et al.* where tritium and
neutrons were measured after a long
preparatory run of about seven months.
The events in their experiment lasted
about a month and the determined value
n_was for average values of tritium and

neutron generation. If we consider the
value at the high time as for the others,
this value of n_ should be multiplied by
several orders of magnitude and will be
more than 10° cm,

One point observed in the positive
result by Jones ei al.? and others®*
should be considered. In the energy
spectrum of neutrons shown in Fig. 2
by Jones et al.%, it is seen that there are
several discrepancies between fore-
ground and background runs at energies
above 2.45 MeV which were discarded
by the authors. In the later investiga-
tions*'®, it has been confirmed that
number of neutrons with energies more
than 2.45 MeV is larger than that with
about 2.45 MeV. This reflects the dif-
ference in of the reactions (6) and (8)
in the sample.

To visualize this qualitative in-
vestigation of the energy spectrum of
the observed neutrons we calculated
the energy of neutrons generated in a
Pd/D/Li system, taking the reactions (4),
(6), (7) and (8) into our consideration.
For simplicity, the sample was assumed
as Pd metal with two layers of PdD al-
loy and Li metal on the surface with a
thickness 1 pm for each (the thickness
of PdD layer 1 pm was used to save
calculation time and made the peaks at
3 ~ 8 MeV rather low.) In the calcula-
tion, the density of trapped neutrons was
assumed as n_= 10' cm™ and the reac-
tions were assumed the same as in
vacuum, i.e. £ = 1 in the relation (9) in
the Li layer. The result is shown in Fig. 1.
This figure clearly shows the qualita-
tive characteristics of the experimental
results described in the preceding para-
graph on the energy spectrum of neu-
trons generated from Pd/D/Li sys-
tems*® (and also Ti/D systems®” in the
range up to 10 MeV.
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Fig. 1 Numerical result of the energy spectrum of neutrons generated in PdD/
Li (PdH/Li) layers (1 yum thick each) of Pd metal including trapped neutrons of

n_= 10" cm™ using the TNCF model.

Unfortunately, there are no experi-
mental data above 10 MeV to compare
with the theoretical prediction. Num-
bers of the neutrcns with ~ 10 to 15
MeV will be decreased largely relative
to 14.1 MeV peak by elastic collisions
with deuterons if we take PdD_part in
the volume of the sample into our cal-
culation, which was neglected in the
above caiculation to spare caiculation
time.
In Fig. 1, there is also a curve for
the Pd/H/Li system using a similar cal-
culation with reactions including a pro-
ton. The curve shows about four orders
of magnitude decrease of nentrons with
energies less than 10 MeV compared to
the curve for Pd/D/Li system in accor-
dance with absence of observations in
the protium systems (and also in Ti/H
systems). This result confirms the ex-
perimental procedure used in the mea-
surement by Bressani et al.”, where the
energy spectrum of Ti/D system is mea-

sured relative to that of Ti/H system.

In conclusion, the present interpre-
tation of the fine experimental results
for the neutron detection in she cold fu-
sion phenomenon by Jones et al.>™* and
others*'%2_in addition to the results of
analyses of more than 40 experimental
data"? of the excess heat, tritium, he-
lium and NT, has shown a promising
basis for developing a new science,
solid state — nuclear physics, or the
physics of reutrons in solids.

The technical successes in the ap-
plication of the cold fusion phenomenon
accomplished recently to produce the
excess heat™® and transmuted nuclei*®
in addition to those obtained before, will
be accelerated by progress in the scien-
tific dsevelopment of the phenomenon.
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