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The working concept of “cf-matter,” defined as “neutron drops in a thin neu-
tron liquid” as described in previous papers, is used to cxplain complex events,
especially nuclear transmutations, in cold fusion phenomenon (CFP). In samples
used in CF experiments, the cf-matter contains high-density neutron drops in sur-
face/boundary rcgions while in the volume it contains only a few of them, in
accordance with experimental data. Generation of various nuclear transmutations,
the most interesting features in CFP, are explained naturally if we use the concept
of the cf-matter. Qualitative correspondence between the relative isotopic abun-
dance of elements in the universe and the number of observations of elements in
CFP is shown using more than 40 experimental data, sets. This facts is an evi-
dence showing statistically that CFP in transition-metal hydrides/deuterides is a
low-energy version of nuclear processes occurring in the stars catalyzed by, specific
neutrons in the cf-matter formed in surface/boundary regions of CF materials.

1. Abundance of elements in the Universe

A characteristic of stability of nuclides is relative isotopic abundance in the uni-
verse.*? A data is given in Tables 1 and 2 picked up from Table 111 of " Suess and
Urey.! The relative abundance of the observed stable specics depends oil the pro-
cess of creation, which may have singled out particular nuclear types for preferential
formation aud also depends on the nuclear stability limits.?

These characteristics of nuclides in the stars (and the primordial universe) given
in Tables 1 and 2 should be closely related to appearance of new nuclides in exper-
imental obscrvations of CFP if the processes in CF materials have some couon
nature to those, in the stars. It is probable that the more stable a nuclide is. the
more often observed the nuclide produced in complex processes occurring in CF
materials.

“Note: Hideo Kozima, on leave from Cold Fusion Research Laboratory, Yatsu.
bThis work is supported by a grant from the New York Community Trust and by the Professional
Development Fund for part-time faculty of Portland State University.
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Table 1. Relative isotopic abundance in the universe (I). Light cven even nuclei
(A lessthan 6) at around abundance peaks from Table 111 of Suess and Urcy.! The
“Logio /17 in the second row stands for “Logiq relative abundance”

Nuclides SO IN PO HINe  ZNg AL i dlp
Logig 1 6.6 6.8 7369 5.9 5.0 6.0 10
Nuclides PO kA K M0Ca Pse wTi o sV s Cr
Logig H 10 52 3.5 AT 0.1 30023 39
Nuclides Joke  D2Co NI ,yCu Blan

Log o 1 58 3.3 4.1 2.3 2.7

2. Formation of the cf-matter

By the mechanisn shown i previons papers.t 9 the ef-matter (interacting particle
feature) is formed in boundary/surface regions when there are the nentron valence
bands (independent-particle feature) mediated by hyvdrogen isotopes in fee/hep
transition-netal hyvdrides/denterides and proton conductors where hvdrogen iso-
topes are in states with extended wave functions.

I a homogencons neutron star matter. e a neutral medinm composed of
high density (11¢:) neutrons. protons and electrons. as the simulation by Negele and
Vautherin.” had shown. there appears the Coulomb lattice of neutron drops /" in
a thin nentron liquid (with a density of wy,) by the self-organization. In the case
of the cfmatter in CF materials. there is a crystal lattice. which seems to make
appearance of the Coulowmb lattice of nentron drops casier as experimental facts in
CFP suggest than in the neutron star watter,

3. Coulomb lattice in the cf-matter

Several features of the characteristics of the Coulomb lattices of neutron drops
(clusters of neutron. proton and clectron) in neutron star matter are tabulated in
Table 3.7 In this table. we added the proton neutron ratios oo of palladimun. iron.
and carbon nuclel averaged over isotopes by natural abundance. which are .77,
0.87. and L. respectively,

In the work by Negele and Vautherin.” it was shown that a neutron star appears
as a stable state when the density ne of the neutron star matter inercased from
3x10% to 107 em =3, If we change the parameter ne to the opposite direction, we
will reach a situation where appear various atoms. priucipally the situation where

clements are ereated in the stars: the more stable a nuclide is. the higher its produc-

Table 2. Relative isotopic abundancein the universe (11, Heavy nuclei (clenient) (A > ¥%){rom
Table I of Suess and Urey.! The “Logio 1™ in the second row stands for “Log, relative
abundance”

Nuclides ’;:‘51 2821‘ Mo 43Ru 1wwPd  47Ag 50Sn sa'Te s4Xe  56Ba
Logg I 1.2 1.5 0.1 0.2 0.08 0.04 0.12 0.67 0.60 (0.H6
Nuclides  #9La 5xCe  s5yPr B9Ir 4Pt ggAu gollg  s2Pb g3Bi

Logio H  0.30 0.35 0.06 0.09 0.21 0.02 0.05 0.07 0.02
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Table 3. The theoretical” and extrapolated to ng = 1 % 103V et =% values of the lattice
constant a of Coulomb lattice, the proton-to-neutron ratjo . in the neutron drops QA? (n—p
clusters) and background neutron density ny, as functions of rnc. the density of the original
neutron gas, where ny, is the density of the nentron liquid surrounding the neutron dr()ps The
density of nucleons init neutron drop n» is approximately constant and equal to 10% cm ~% in
the range where simulation is performed; ny &~ 10 em

nGem—S 5 x 1037 5.7x10% 6x* 1x 1030 Pd Fe C
npa (Adr 1 <1037 5x 1079 2% 1030 1x 104" 1027 10%2 10101
4x10-%  Tx107F 9x 107t 2x 10 P 25
(0.2%) (0.45) (0.53) (0.75) (0.87 (0.87)
ny,/na 4x10-1 5 %1072 3x1073 1x10~Y nxi0- 10 6 0022

For refcronce. @ and r for the lattice of Pd metal and x. of Fe and € nuclei (all averaged over
isotopes with natural abundances) are added along w ith extrapolated values of ny, corresponding
to their r.

tion rate hecomes. Comparing isotopic abundances in the nniverse (Tables 2 and 3)
to experimental data of nuclear transmutation in CFPL we can show that CFP in

CF materials is a similar process to those producing elements in the stars.

4. Interaction of the cf-matter with extraneous nuclides in terms
of experimental data

We assume that the efamatier is formed in surface/boundary regions of CF mate-
rials when there are formed neutron valence bands.'® We concentrate at nuclear
transmutations in CFP in this paper. while other events are naturally accompauied
with them. Tt should be pointed out here about emission of light particles and
photons from CF materials sometimes measured in experiments. The cf-matter is
formed principally in boundary/surface regions of CF materials and dissipation of
liberated energy in the unclear reactions is confined in the cf-matter. When the
place where the nuclear reaction occurs is on the border of the cf-matter very close
{0 a surface of the sample, however. it is possible light particles and/or photons are
cmitted outward to be measured outside. Especially. emission of neutrons with up

to more than 10MeV is observed often as an example of this wmechanism.®

5. Production of new nuclides in CFP

There are very many data of the nuclear transimutations (N'Ts) in CFP. In Table 4.
we give a summnary of experimental data sets obtained mainly after 1996 showing
broad production of new eclements (elements) with a number of papers reporting
them (number of papers). In this table. about 40 data sets™ are counted includ-
ing such productions of Ag (from Pd) and Fe (from C and others), which is not
necessarily obvious but frequently occurring. A relation of frequency Noy of the ob-
servations of elements in CFI? and “Logo H relative abundance™ in Tables 1 and 2
will be discussed later.

The nuclear transmutations are phenomenologically classified into four groups:
NTs. NTp. NTf, and NTp, i.e. nuclear transmutations (NT) by absorption. by
decay. by fission and by transformation. respectively. The first three types of NTs
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Table 4. Elements observed more than once in Cf experiments (Z > 3). Number of papers
reporting the observation, Ny, is calculated from 40 papers mainly after 1996

Elements 3Li 5B 6C go gF 11Na IQI\’Ig 13A 14Si 15P
(3) (1 (5) (1 (4) (0 (6) (19) (12

(N()b)

Elements 158 17C1 1§)K roa 21SC 22Ti 23\/ 24 Cr 25 Mn 26Fe
(6) (6) (6) (9) (1 (6) (2) (13)  (6) (19)

(JV()[))

Elements 2700 28 Ni QQCU ;;()Zn 31 Ga 32(;8 33AS 34 Se 35 Br 37Rb
(4) (10y an - (13) (D (3) (0 (0 (2) (2)

(]Vob)

Elements ;;gSI‘ 39\’7 4[)Zr 41Nb 421\10 46Pd 47Ag 48Cd 49111 5081"1
(5) () e (n (5) (3) (") 3 (2) (3)

(‘ Yob)

Elements 51 Sh 52 Te 54 Xe rﬁCS 5(;8& 59Pl" 62 Sm (j;;Ell 61 Gd 66Dy
(M (2) (2) (1 4 (1) (1) (1 (1) (1

(f’vol))

Elements 67 Ho 7()Y1) 72 Hf b Re ’mOS

)

75 r 78 Pt 7oA goHg  gaPb
(1) (1) (1) (1

771
(2) (2) (2) (2) (2) (6)
(“?\r()l))

arc induced by a transfer of a nucleon cluster ¢4 between the cf-matter (or a neutron
drop Z") and a nuclides 2X followed by various nuclear processes in the systems
to produce the final stable nuclide }:,‘X Then the isotopic ratio of the produced
clements will differ from the natural abundance ratio. In the case of NT, we can
expect the same isotopic ratio as the natural one as explained below.

The jsotopic ratios observed in experiments differ sometimes from those caleu-
tated from natural abundances while does not differ in others. The cause of the
discrepancy due to the processes of NTs will give a key to investigate nuclear re-
actions in CEFP. In these processes. no emission of photons and/or light nuclides
to outside is expected to occur different from reactions in free space except the
processes that occur on the border of the of-imatter at surfaces of the sample.

5.1. Nuclear transmutation by absorption (NT, )

The nuclear transmutation by absorption, NT . is a result of a process where a
nuclide ;X sitply absorbs a cluster ¢80 of v(=a — z ;) neutrons and v' = = protons
from the cf-matter: 23X +% 4 :giz X. In this process. the more stable the final
nuclide 21:‘ X. the more frequent it will be produced.

There are many experimental data, showing production of new nuclides expli-
cable only by NT4 if we do not use concepts outside the realm of modern physics.
Production of following nuclides are explained by NT4: o4Cr from 25711, o4Fe from
22'T1, 30Zn from 2sNi, K from 9K, 1K from $HK. {#K from $JK. 32Rb from
i;'WRb. ll»f*‘(‘s from })?)3(75. 42Mo from 33Sr, 44Cd from 44Pd. 50Sn from 46Pd. 52Cd
from 46Pd. 56Ba from 44Pd, 59Pr from 53Cs. 5oPb from 74W. 4oPb from 44Pd.

Some reactions producing nuclides with large decreases of Z and A oceur and
arc explained as a result of NTg (cf. Section 5.2). However, it is probable to assume
reactions where occur transfer of a cluster of nuclides a.d from a nuclide ;X to a
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neutron drop ?ii’A as inverse processes of the normal NTa. Some examples of
these reactions are productions of following nuclides: o6Fe from o4 Ni. 27Co from
25 Ni. 95 Mn from oyNi. 25Cr from 25Ni. 42Mo from 16Pd. 77Ir from 73Pt, 760s from
-« Pt, 75Pt from 79Au, 760s from 79Aw. 3pZ1n from 46Pd. We ince lude these reactions
in NT 4 hereafter.

5.2. Nuclear transmutation by decay (N1p)

One of the most frequently detected NTs in CFP from ecarly days of research is the
nuelear transmutation by decay (NTp). The nuclear transmutation by decay. N'Tp
is a result of a process where the nuclides Z‘i“ X {a=1. z=0) thus formed decays
by emission of light nuclides. 1. p. or «. to form a new nuclide z'X, 8 Many data
showing production of nuclides with increase of proton mumber by one are explained
successfully by this mechanism with v = 1 and " = 0 as shown in the analyses by
the TNCF model.®9 Tn this process. the probability of the nuclide production will
be gowrnod by stability of ;HX and also by that of the final nuclide /‘ﬂX’ (3
decay) or z 2)& (v decay).

Several examples of this mechanism are production of following nuclides: 1He

from %Ll. 5L from })l 1481 from 13AL 20Ca from 19K, 93V from 2oTi. 59Cu from
9xNi. 3xSr from 37Rb. 47Ag from 46Pd. 5'4‘)Xv from £f4(s -oAu from 74Pt yoHg

from 79Ag.

5.3. Nuclear transmutation by fission (NTf)

The nuclear transinutation by fission. Nk, is a result of a process where the nue lides
in‘j X (a > 1) suffers fission producing several nuclides with nue leon and proton
numbers largely shifted from the value A 4+ o and Z + z. respectively. 813 The mass
spectra of nuclear products in the nuclear transmutation by fission. NTp, observed
in CFP can be explained as fission products of unstable nuclides }, *”X formed
by the above process similar to fission of 2351 induced by a fast neutron. lu this
process. the mass spectrum is determined by stabilities of product nuclides.

There are many experimental data showing production of varions medium mass-
number nuclides simultancously. It is possible to explain dispersion of mass spec-
trum by the liquid-drop model of nucleus popular in nuclear physics assuming for-
mation of extra-neutron rich nuelides from pre-existing nuclides in the systes
absorbing several neutrons from the cf-matter.!?

There occur simltaneous productions of such many clements as follows: Mg,
Al Si, S, Cl, K. Ca, Cr, Mn, Fe. Co. Ni, Cu, Zn, Os and Ir.

In experiments where many new clements are observed simultaneously, an ex-
planation of the results by NTg seems most appropriate, even if there remains
a possibility to explain them by successive transmutations by NTx, NTp and/or
NTr.
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Figure 1. Correspondence between the frequency N, observing elements in CFP and the relative
abundances logigH of elements in the universe for elements with atomic numbers Z—=3-38.

5.4. Nuclear transmutation by transformation (NTy)

The nuclear transmutation by transformation, NTp, is a result of a process where
a neutron drop 7A in the cf-matter transforms itself into a stable nuclide QX in
the material. Naturally, the more stable a neutron drop ;A is, the more frequent
a nuclide QX will be produced.

When products of nuclear transmutation are observed alone. it seems to be ex-
plained by NTp if the new elements have mass mumber A less 50 and that shifts
from pre-existing nuclides by more than 10. The nuclear transmutation by trans-
formation, c.g. A into ;X scems probable only if there are neutron drops with
stability that is sensitive to environment.

Products possibly explained by NTp (cf. Tables 1 and 2) are as follows: §2C.
730Mg, 39S, 32S. :f?’:;T(Tl. J0Ca. 28Fe, SENi. 29%Ph. The production of Fe is observed
very often in electrolytic experiments, in arcing between carbon rods and in others
and is possibly explained as a result of NTp.

6. Relation of CFP data with abundances of the elements

We can see correspondence of nuclear products of NTs in CFP with the abundances
of the elements given in Section 1. The most remarkable statistical data is scen
in overall correspondence between the frequency Ny, observing clements in CFP
(Table 4) and the relative abundances Log o H of clements in the universe (Tables 1
and 2) as shown in Figs. 1 and 2. This qualitative correspondence between two data
(Noy and Logip H) may be explained as follows.

Here, we point out only several of the most. remarkable characteristics of thern:

(1) Accordance of Logig H and N,,),: there are several peaks with coincidence of Nop

and Logyo H at Z = 14 (5i), 20 (Ca), 26 (Fe). 38 (Sr), and 82 (Pb). In these peaks.
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Figure 2. Correspondence between the frequency N, observing elements in CFP and the relative
abundances log gH of elements in the universe for elements with atomic numbers Z=39-84.

the one at Z = 26 (Fe) is the most remarkable despite the isotopic abundance of
elements in the universe is in a logarithmic scale. Quantitative explanation of
these data will need to use concrete experimental conditions.

(2) Discrepancy between Logig H and Ngy,: missing data in CFP at Z =7 (N), 8
(0), 10 (Ne), 18 (Ar), and 10 (Zr) are noticeable. The first four of them may be
explained as a result of difficulty in their observation. About the last one (Zr),
we have no idea to explain the diserepancy, at present. The remarkable peak at

Z = 47 (Ag) is a characteristic of CFP explained by NTp, from Pd that does not
exist in the stars.

Thercfore, it is possible to conclude that the good coincidence of N, and
Logio H discussed above is an evidence showing similarity of mechanisms work-
ing in CF materials and in the stars to produce new nuclides. This mechanism
to produce nuclides from chaotic states of nucleons according to their stability is
called “mechanism by stability.” The coincidence of data in astrophysics and in
CEP is called “stability effect™: the more stable a nuclide is, the more frequent it
is produced.

7. Discussion

As shown in this paper, there is the stability effect. a good coincidence of the isotople
abundance of elements in the wuniverse Logig H and frequency of observations of
elements in CFP N,y,. This effect shows that the mechanisin to produce new nuclides
in CFP is a low-encrgy. localized version of the mechanism working in the stars
catalyzed by the cf-natter and nuclides in CF materials. Participation of neutrons
as a catalyst makes nuclear reactions in CFP as effective to produce new nuclides
as high-energy processes in the stars.
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Isotopic ratios of new isotopes produced in CFP reflect characteristics of nu-
clear processes participating to the production processes. It is most probable that
products by NTr have similar isotopic ratios to natural ratios of the same element.
Detailed investigation of these features will help to explore dynamics of nuclear
interactions in the cf-matter.

Thus. variety of nuclear transmutations observed in CFP are qualitatively
and consistently explained by the existence of the cf-matter worked out semi-

quantitatively in previous papers.®-®
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