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Abstract—It is shown that artificial radioactivity can be initiated under conditions of a glow-discharge
plasma. When analyzing the isotopic and elemental composition in the near-surface region of Pd and Ni
cathodes, initial and those treated for 40 hours under conditions of deuterium- or protium-containing
plasma, changes were detected, respectively, in the isotopic ratios of Pt and Pb impurity isotopes in the Pd
cathode and of Fe, Cu, and Znin the Ni cathode, as well as a significant reduction in the amount of thess
impurity elements in the cathodes and the formation of W isotopes in the Pd cathode. Possible nuclear pro-
cesses that cause the established artificial radioactivity are considered.
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L INTRODUCTION

The phenomenon of low-energy nuclear reactions
(LENR) has been discussed most acutely in the last
30 years after the publication of the work of Fleish-
mann, Pons, and Hawkins [1], in which, in the elec-
trolysis of heavy water D,O with a Pd cathode, the for-
mation of neutrons and tritium with a simultaneous
excessive release of heat was detected. This result
could not be understood within the well-known con-
cepts of nuclear physics, according to which such pro-
cesses could be produced only by the fusion of deute-
rium nuclei, which requires energies higher by at least
six orders of magnmitude and had to be accompanied by
hazardous radiation, which, under the conditions of
the experiment in [1], were not detected. Therefore,
the physical community could not accept this result.

It should be pointed out that, historically, the first
work in this direction, which was defined as “cold
miclear fusion” and somewhat later as “low-energy
muclearreactions,” was the study of Wendt and Irion [2],
who observed the appearance of helium atomic lines
during the explosion of a tungsten wire in a glass flask,
inside which a vacuum was created. Rutherford in his
short note [3] explained that the formation of helium
under such conditions is impossible, since the kinetic
energy of electrons during the explosion of a tungsten
wire was only about 6 eV. At the same time, as shown
byspecial experiments carried outin Rutherford’s lab-
oratory, no formation of helium was observed even in
X-ray tubes with long-term irradiation of tungsten tar-
gets by electrons with a kinetic energy of about
100 keV. Nevertheless, Wendt [4] disagreed with Ruth-
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erford, pointing out that the power released in the
explosion of a tungsten wire is many orders of magni-
tude higher than the power absorbed by a target in an
X-ray tube, where the current is of milliamperes or
less, and that it is high particle-collision velocities
under explosion conditions that can lead to fission of
tungsten nuclei. Naturally, the scientific community
took the side of Rutherford, and article [2], infact, was
recognized as erroneous,

We should note here a few more subsequent studies
in which the formation of products of nuclear trans-
formations at relatively low energies was detected.
First of all, these are the studies of the early 1950s by
the group of Artsimovich of powerful electric dis-
charges in tubes containing mixtures of deuterium and
inert gases [5, 6]. It was found that, at partial pressures
of deuterium up to several tens of Torr and applied
voltages of several tens of KV, short pulses of neutrons
and hard X-ray quanta with energies of ~300—400 keV
were simnultaneously generated in the middle region of
the discharge tubes. A neutron radiation intensity of
10% neutrons per pulse at a current of 200 kA was
detected. Moreover, at the moment when quanta with
such a high energy appeared, the voltage applied to the
discharge tube was only about 10 kV. The neutron
indicator in these experiments was the induced radio-
activity of a silver target placed in a paraffin block near
the discharge tube, and the neutron flux was calcu-
lated based on the data on the formation of radioactive
isotopes '®Ag and ""Ag in the target. In [5, 6], the
question of the formation of neutrons and quanta of
the indicated energies under the conditions of the
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experiment in question remained open. The authors of
[5, 6] excluded the possibility of the thermonuclear

process d + d — 'He + n under conditions of a low-
temperature plasma. It should be noted that, although
subsequent theoretical estimates [7—9] showed the
theoretical possibility of such processes due to the
deuteron-accelerating induced electric field during
the development of instabilities in the pinch, doubts
about the realization of the aforementioned thermo-
nuclear reaction in the experiments [5, 6] remain: in
these experiments, no helium-3 was detected, the
amount of which in the discharge tube in this reac-
tion should correspond to the total number of emit-
ted neutrons.

A study with similar results was carried out by
Basov and his team [10]. It was shown that, upon focus-

ing short (~10™ 1 ) optical pulses of a powerful neodyimn-

inm laser (irradiation intensity of J, = 10" W/em?) on
the surface of a LiD> target, resulting in the formation
of a nonstationary low-temperature plasma, in the
volume of this plasma, neutrons were generated syn-
chronously with the pulses. According to the estimates
made in [10], under these actions, one neutron (on
average) per laser pulse was detected. As shown in the
recent work [11], the neutrons detected in [10] could
be generated only in low-energy nuclear processes.
This conclusion is consistent with the known
data[12, 13] according to which direct initiation of
nuclear processes is possible when using picosecond laser
pulses with a peak intensity J, ~ (10%—10'") W/em?. In
particular, in these cases, the rate of spontaneous
decays of nuclides can be increased by orders of mag-
nitude.

The phenomenon of low-energy nuclear transforma-
tions was actually investigated also in the works of Dery-
agin and his team, conducted since the 1950s [14, 15],
when the emission of high-energy (up to 100—150 keV)
electrons from the surfaces of solids was detected after
the separation of polymer films from them in a high
vacuum and the formation of microcracks in the sur-
face layer of solids. To determine the energy of elec-
trons emitted by the newly formed surfaces of the
crack walls, the X-ray characteristics of the crack zone
were analyzed and the formation of the plasma state of
the material in the propagating crack was established.
The final stage of these studies was the discovery by
Deryagin together with Klyuev, Lipson, and Toporov
in 1986 of neutron generation [16, 17] during the
destruction of D,O ice targets by ametal bullet moving
with an imtial speed of 100—200 m/s. In this case, the
number of generated neutrons was several times
greater than the background level. In the case of asim-
ilar action on ordinary ice (H,(0), no neutron genera-
tion was detected.

Despite these publications, wide interest in the
LENR phenomenon appeared only after the results of [ 1]
had become known. However, soon after the publica-
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tion of the results, it became clear, and this opinion
persists to this day, that, within the concepts existing
in nuclear physics, it i8 impossible to understand the
very phenomenon of the inmitiation of nuclear pro-
cesses at low energies and the almost complete
absence of hazardous radiation accompanying nuclear
reactions. At the same time, over the 30 vears that
have passed since the publication of [1], awide diver-
sity of new data has been obtained and presented in
publications of leading scientific journals (see, e.g.,
[11, 18—21]) and at numerous international confer-
ences (e.g., [22—24]).

Based on the analysis of the available literature, we
believe that the key problem of finding out the myste-
rious essence of the LENR phenomenon comes down
to an adequate understanding of the dynamics of
nuclear transformations during the interaction of com-
ponents of a nonequilibrium low-temperature plasma,
which, explicitly or implicitly, is almost always mani-
fested in the LENR processes, with metal surfaces.
Therefore, of most interest from the viewpoint of
understanding the physical essence of the LENR phe-
nomenon may be the studies of such processes under
conditions of a low-temperature plasma formed during
aglow discharge in protium- and deuterium-containing
gaseous media [25—27], as well as during laser ablation
of metals in aqueous media [28—32].

It may be assumed that, when initiating nuclear
processes under such conditions with mass spectro-
metric monitoring of the isotopic composition of the
initial materials and products formed after appropriate
treatment in a low-temperature plasma, it becomes
possible to reveal the nature of the changes occurring
in the isotopic and elemental (chemical) composition
of the initial components.

It is on the basis of such general guidelines that this
article is built, which presents the results of studying
the effects of low-temperature nonequilibrium plasma
of a glow discharge in protium- and deuterium-con-
taining gas media on palladium and nickel cathodes,
respectively, and uses the mass spectrometric analysis
of the composition of the cathodes, original and
plasma treated. In order to analyze the changes in the
relative content of palladium and nickel isotopes as the
main elements of the cathodes under study and
detected impurity elements contained in the cathodes,
as well as changes in the quantitative content of impu-
rity elements, we used the ideas previously developed
by one of us about the possibility of formation in a
low-temperature plasma—in the vicinity of the cath-
ode emitting nonequilibrinm electrons—of metastable
neutral nuclei with a locally disturbed (“p nuclei”)
muclear structure [33—37]. Such P nuclei can be
formed (see Section 3) upon inelastic scattering of
high-energy (on the “chemical’ scales) electrons with
kinetic energies ¥, ~ (3—5) eV through the weak inter-
action between the nuclei of ions and atoms of the ini-
tial gaseous medium and metals knocked out from the
Vol. 53
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near-surface regions of the cathodes during plasma
treatment. It should be emphasized here that, in the
considered versions of low-temperature nonequilib-
rium plasma, the energy of electrons in the near-cath-
ode region is on this scale. This is extremely import-
ant, since, at high kinetic energies (~10 eV and more),
the energy of electrons will be mainly spent on the ion-
ization of atoms and ions in the resulting nonequilib-
rium plasma. It should also be noted that, in [33—37],
there are sufficiently many examples showing how
neutron-like B nuclei can act as initiators of various
nuclear processes. This is why we expressed the hope
of using this basis for understanding the LENR phe-
NOMmenon.

In this case, special attention will be paid to the
analysis of the experimentally detected reduction in
the imitial content of impurity nonradioactive ele-
ments in both cathode materials: palladium and
nickel.

2. EXPERIMENTAL
2.1. Experimental Setup and Sample Preparation

The glow-discharge setup in which a nonequilib-
rium protium- and/or deuterium-containing low-
temperature plasma was produced included a vacuum
chamber with a volume of 2 x 10-3 m?® with a body in
the form of a double quartz glass tube with spacing
between the outer and inner tubes and bounded by
flanges cooled by running water and electrode holders
from Cr18Nil0Ti stainless steel, a vacuum system, a
gas supply system, a cooling system, a custom-made
pulse power supply, and a Tektronix TS 3034C oscil-
loscope. The applied current 7 was from 10 to 300 mA,
and the applied voltages were from 10 to 50 V. The
magnitudes of the pulsed current and voltage recorded
in the experiments by the Tektronix oscilloscope were
I =({1-6) Aand U = (1-8) kV, respectively, and the
frequency f of the recorded current varied from
50kHz to 50 MHz. Figures 1 and 2a show a photo-
graph and a schematic diagram of the glow discharge
setup, and Fig. 2b shows the placement of a sample in
the glow discharge chamber.

The end parts of the anode and cathode, which
contact the discharge plasma, were made of pure
molybdenum produced by vacuum melting. The expo-
sure time of the samples varied from several hours to
tens of hours (from 7 to 40 h). The palladium and
nickel samples with a thickness of about 100 pum and a
diameter of 20 mm were placed on the cathode surface
and fixed with squeezing restrainers made of molyb-
denum. The irradiation area was about 1 cm?. After
evacuation, the discharge chamber was filled with a
plasma-forming gas to a pressure of 5—10 Torr. In the
experiments with palladium, the plasma-forming gas
was deuterium and, in the experiments with nickel,
protium.
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Fig. 1. Glow-discharge setup (the sample is the light spot

on the left electrode holder; 7., = 11 Aand U, =
5.3KV).

Figure 3 shows a typical “stable” pulsed discharge in
adeuterium medinvmat {,,, = 13A (), U, =25kV
(2), and ¥ = 6.2 MHz.

Depending on the parameters of the discharge,
plasma-forming gas, and irradiated material, the
plasma discharge is not always stable. The photos pre-
sented in Figs. 4 and 5 show the regions of a Pd-I dis-
charge with the highest intensity, which are visible as
brighter spots on the irradiated sample, and “rays”
with a higher luminosity and even with visible discrete
regions with higher density in the lower plasma ray in
the discharge gap.

A discharge in a hydrogen medium with a nickel
sample has different parameters and is samewhat
more stable. Instability in this case looks somewhat
different (Fig. 6). The amplitude of the pulse current
increases by a factor of seven (Fig. 6b).

2.2. Mass Spectrometric Elemental
and Isotopic Analysis of Samples

The mass spectrometric analysis of the composi-
tion of the surface layers of the Pd and Ni cathodes,
bothinitial and after plasma treatment, was performed
using an ELAN DRC-e ICP (PerkinFElmer, Canada)
mass spectrometer for isotope and elemental analysis
with an UP-213 laser ablation device (New Wave
Research, United States). Inductively coupled plasma
mass spectrometry (ICP-MS) is recognized as the
most versatile method for analyzing the elemental and
isotopic composition of a substance and is used as a
fast, efficient, and highly sensitive method for the

2022



62 TIMASHEYV et al.

Power supply
]

(a)

Oscillograh

‘H_ég\.h_____l _~1§F|

H,O == =

S = -
T4 --"'"'_-_-_--"_-._-_.J'I

Manometer ||
Double
G quartz
ballon.

Pump

T,_s—thermocouples

2

T,

el
wEni A

o
e
S

iR

6.

(b)

B T e

el

Fig. 2. (a) Schematic layout ofthe glow-discharge setup. (b) Layout of the sample in the glow discharge chamber: ( /) quartz tube,
{2y sample holder made of high purity vacuum-melted Mo, variant I: (3) W substrate with a thickness of 100 um, (4) and (5) Pd),
variant IT: (3)and (5) Mo, (4} Ni foil with a thickness of 100 pm, (6) cooled electrode holder made of Cr18NillTisteel, (7} tube

made of Cr18Nil0Ti steel, supplying cooling water.

simultaneous quantitative determination of many ele-
ments in a wide concentration range. During laser
scanning of a selected area of the sample surface and
material ablation, a plasmais formed containing aero-
sol particles with sputtered metal components, which
are captured by an argon flow and directed to the ICP
burner. The plasma temperature is 6000—8000°C.
There, a controlled ionization of the sample takes
place, and then the free ions of the sample are sepa-
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rated according to the ratio mass-to-charge ratio
m,/Ze, where Z,is the degree ofionization, ¢ is the ele-
mentary charge, and m, is the mass of ion {, and they
are detected. In this case, a dual-mode (counting and
analog) detector is used with an automatic selection of
the operating mode with an operating linear range of
more than nine orders of magnitude. In fact, at the
exit, tables presenting the number of pulses per second
are produced. They use “mass numbers,” the m,/Z,
Vol. 53
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Fig. 3. Typical “stable” pulse discharge in a deuterinum
medium; ([} I, =13 A (N U, =25kV,and f=
6.2 MHz.

ratios for each of the determined (according to a given
program) ratios. The problems arising in the cases of
Z,# 1 are solved in each case separately. The range of
analyzed masses is 5—260 amu, the resolution is 0.3—
0.7 amu (in the range 5—260 amu), and the measure-
ment accuracy of isotopic ratiosis 0.08% . The scanning
areais 6 X 2 mm? for the Pd sample and 3 X 1 mm* for
the Ni sample. The size of the focused spot on the
sample during ablation was ~80 um, and the power
density in the pulse was ~1—3 x 10° W/em?.

During the interaction of the focused high-power
laser radiation with the surface, a strong instantaneons
heating of the local area occurs, which leads to an
explosive thermal evaporation of the sample compo-
nents. Insuch evaporation regimes, the effects of mass
discrimination of isotopes can be manifested at the
sampling stage, but, in practice, they are noticeably
manifested for light elements, usually with masses

lower than 30 amu. For the selected range of mass
numbers ~100—220 for the Pd sample and in the range
~50—70 for the Ni sample, the mass fractioning effects
in the samples should be small. Nevertheless, to
reduce the possible isotope fractionation effect, we
used up to 15 samples sequentially obtained by abla-

tion from each selected area. In this case, the back-

ground (without ablation) was measured, which was
subtracted in the analysis. The number of measured
pulses corresponding to the mass related to the ith iso-
tope of element g are summed over all 15 successive
measurements of the samples, and, then, these total
values N, are analyzed as quantitative characteristics
of the total number of this isotope of each specific ele-
ment entering into the sample. In this case, it is actu-

ally assumed that the true number of each isotope in
the sample mass is N, = AN, > Where A s a
quantity thatis constant for the specified conditions of
the analysis. Since, under the conditions of any exper-

iment, it is difficult to exclude uncontrollable factors,

especially if the experiment is carried out at different

times, the value of A" may vary.

It should be borne in mind here that the number of
recorded pulses was largely determined by multiple
defects in the structure of the surface layers of the
samples. Naturally, for samples that had undergone a
sufficiently long (for 40 hours) treatment in a glow dis-
charge plasma, the defectiveness of the structure
increased to a greater extent due to the long action of
plasma flows on the samples, manifesting itself in
changes in the morphology of the sample surface with
the formation of inhomogeneities of the macro- and
microrelief [38]. It is obvious that an increase in the
defectiveness of the structure leads 1o a greater ten-
dency of the metal to destruction, which manifests
itself in an increase by an order of magnitude or more
in the mumber of detected pulses corresponding to the
basic elements of the cathodes when testing the sam-

ple after treatment in a glow discharge.

(b)

Fig. 4. Zone ofthe discharge gap in a deuterium medium on a palladium sample: (a) “stable” discharge; (b) “unstable” discharge;
one can see brighter spots on the palladinm sample (left) and brighter “rays” in the discharge gap and discrete denser regions in

the lower plasma “ray.”
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Fig. 5. Pulsed discharges in a deuteriam medium with a palladium (Pd-D) sample: (a) (left) a single pulse, (1) I =4 A, (DU =
25KV, and £ = 63 MHz; (b) (right) an unstable discharge, consisting of a single discharge on the left side and a set of pulses with
a current amplitude several times higher: (1) I >20A, (DU = 2.5 KV, and F =17 MHz.
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Fig. 6. Pulsed discharge in hydrogen on a nickel sample (Ni—H); (a) stable discharge: f = 05 A, 7 = 05KV, and f =2.5 MHz;
(b} unstabk discharge: formation (emergence) of additional higher intensity pulses: I =(05-35)A, U = 0.5 K, and /= 1.25 MHz.

Since, in mass spectrometric analysis, the identifi-
cation of isotopes is associated with the Ze/m, ratio,
the problems of identifying the mass #; and establish-
ing the cases of Z, # 1 are much easier to solve when it
comes to identifying an element that has several stable
isotopes. Insuch cases—and we are analyzing just such
a situation—one should focus on the known natural
ratios of stable isotopes, which differ from the natural
ones insignificantly, perhaps by several percent (usu-
ally less than 3—5%). This also makes it possible to
separate the cases when the plasma contains isotopes
with Z, # 1. In our experiments, during the simultane-
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ous analysis of several isotopes for each of the studied
elements, such questions did not arise. Therefore, we
did not have any problems with identifying isotopes
and determining changes in the proportion of isotopes
after glow-discharge treatment (and these changes
could be significant).

It should be noted that, when analyzing the quan-
titative values of the masses of isotopes of an element
and their ratios, we actually considered the contribu-

tion of all isotopes of each element, although the num-

ber of pulses detected for several masses is related with
part of the pulses produced by isotopes of another ele-
Vol. 53
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Table 1. Ratio of Pd isotopes after irradiation in deuterium plasma

Pd 102* 104% 105 106 108 110
Natural content of isotope, % 1.02 11.14 22.33 27.33 26.46 11.72
Initial sample % 1.03 10.85 21.81 26.76 26.92 12.62

Number of pulses 3858790 | 40747202 | 81920014 | 100524262 | 101103042 | 47380042

After deuterium % 0.92 10.46 21.78 26.96 27.33 12.55
plasma Number of pulses | 31593367 | 358917820 | 747400663 | 925107613 | 937807153 | 430371670
Multiplicity of increase in the mumber of 8.2 01 9.2 9.3 91
pulses after D plasma*

* Tt is possible that part of the pulses with mass numbers 102 and 104 are produced by mithenium isctopes IEERU and 132 Ru, but their
number does not exceed 10~ of the indicated numbers of pulses, as follows from the values of the pulses of the detected masses 99 and

101 and others corresponding to stable mnathenium isotopes.

ment. Specifically, in the case of Pd isotopes, we are
talking about the masses 102 and 104 (Ru); for Pb iso-
topes in Pd, about mass 204 (Hg); and, for Pt isotopes
in Pd, about 196 and 198 (Hg) masses. In the case of
Niisotopes, we are talking about masses 58 and 64; for
Fe isotopes in Ni, about masses 54 (Cr) and 58 (Ni);
and, for Zn isotopes in Ni, about masses 64 (Ni) and
70 (Ge). In the tables, all indicated masses are marked
with asterisks and, in each case, immediately below
the Table or in the text, the corresponding explana-
tions are given. In all these cases, those were correc-
tions that did not fundamentally change the conclu-
sions following from the tables.

Asfor the accuracy of the measurements, the tables
present the primary results: the number of pulses cor-
responding to the isotopes of each detected element
obtained in one of three or four measurements carried
olt, as arule, in different days. In all the cases consid-

ered, based on the obtained values N, the relative
fractions of each isotope i of the corresponding ele-
ment g, normalized to unity, were determined for both
the inmitial sample and the sample after the glow-dis-
charge treatment. This procedure made it possible to
reduce the statistical errors to the required level in a

controlled manner. The relative root-mean-square

deviation G, = /N, for the values of N, and the cor-
responding errors for the relative fractions of each
ithisotope of an element 4 from the results of one
measurement could be a priori calculated based on the
obtained values of the counting rate of ions and the
specified duration of measurements of one massvalue.
Statistical processing of the results of 15 consecutive
measurements within the analysis of one sample
allows one to obtain a posteriori estimate of the stan-
dard deviation.

The analysis shows that the statistical errors for the
values of the recorded isotopic ratios in this case are
small: local differences in the determined content of
isotopes of each element in the surface layers of the
studied palladium and nickel samples do not exceed
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0.3% for the basic elements Pd and Ni and, for the
impurity elements, range from fractions of a percent to
1—2% for a measurement duration of 1 second (tabu-
lated data). At the same time, the spread of data for the
detected elements in different parts of the studied
cathodes, based on measurements carried out on dif-
ferent days, did not exceed 0.5% for the basic elements
Pd and Ni and, for impurity elements, it could vary up
to 3%. However, for our purpose of finding out the
possibility of imitiating—under the glow discharge
conditions—nuclear processes leading to a significant
(several times) decrease in the content of isotopes of
impurity elements in the studied cathodes, such varia-
tions in the recorded local content of isotopes of
impurity elements are insignificant.

3. EXPERIMENTAL RESULTS

3.1. Determining the Isotopic
and Elemental Composition of a Palladium Sample

For the palladium sample considered in this paper,
the data obtained in one of the experiments on the
total values of N, for palladium isotopes and impurity
elements Pt and Pb, on the initial fractions of eachiso-
tope in the sample under study, on the change in these
fractions after exposure of the sample to a nonequilib-
rium glow-discharge plasma, and the abundance of the
analyzed isotopes innature are presented in Table 1 (for
the isotopes of the basic element Pd) and in Tables 2
and 3 (for the impurity elements Pb and Pt in the Pd
sample under study).

An order of magnitude greater number of pulses
produced by isotopes of the main element Pd after
treatment of the sample as a cathode in a glow dis-
charge, which was alreadynoted abave, can be consid-
ered a consequence of the highly defective structure of
the sample formed during such treatment, leading to
an increase in the mass of samples (i.e., to a corre-
sponding increase in the nmumber of detected ions)
during local destruction of the sample by laser abla-
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Table 2. Reduction in the amount of Pb in the Pd cathode after irradiation in deuterium plasma

Pb in Pd 204# 206 207 208

Natural isotope content, % 1.4 241 221 52.4

Initial sample % 1.5 24.6 19.7 54.2
Number of pulses 12803* 215876 172365 474724

After deuterium plasma % 6.3 23.7 20,0 50.1

Number of pulses | Background ** 1237 1044 2616

Remaining fraction of the isotope, % <01 <0.6 < 0.6 <05

*Here, we considered the number of pulses (413} related to the isotope 233 Hg . The estimate was made from the naumber of pulses pro-
duced by the 2ggHg isotope, assuming that the nmaumber of pulses is proportional to the natural content of the isotopes. The choice of

another stable mercury isotope for thisestimate does not fiindamentally change the result.
**Number of pulses up to 50 are taken for background values.

Table 3. Reduction in the amount of Ptin the Pd cathode after irradiation in deuterium plasma

Ptin Pd 192 194 195 196%* 198#
Natural isotope content, % 0.78 32.97 33.84 25.24 7.16
Initial sample % 0.8 32.7 324 26.2 7.9
Number of pulses 5700 245348 243489 197346 59343
After deuterium plasma % 0.8 323 34.3 25.0 7.6
Number of pulses 1760 69909 74229 54282 16492
Remaining fraction of the isotope, % <30.9 <285 <30.5 <275 <27.8

*It is possible that part of the pulses are produced by isotopes lggHg and lggHg , but their number does not exceed 102 of the indicated
numbers of pulses, as it follows from the numbers of detected masses of 200, 201, and others corresponding to stable mercury isotopes.

tion. Since we are primarily interested in the effect of
a decrease in the initial content of impurity nonradio-
active elementsin the cathodes after their treatment in
a glow-discharge plasma, the indicated increase in the
mass of samples taken using the laser ablation method
leads to some uncertainty in the decrease in the con-
tent (as a percentage of the initial amount) of impurity
elements in the samples, recorded as “the remaining
fraction of the isotope.” This quantity is calculated as
the ratio of the number of pulses corresponding to i180-
topes of impurity elements in the samples after treat-
ment in the glow-discharge plasma and in the initial
samples. Obviously, due to an increase in the mass of
test materials taken from samples that have undergone
plasma treatment, the real fraction of the impurity ele-
ment remaining in the sample will be even smaller
than the indicated value.

When presenting Table 1, we did not intend to
understand the specific causes of small changes (on
the order of a percent) in the content of isotopes of the
basic element (palladium) after glow-discharge treat-
ment of the cathode for 40 hours. The treatment time
was chosen so that the integral flux of the formed nen-

trals “n,, was sufficient to lead only to noticeable (sev-
eral-fold!) changesin the content of impurity elements
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and, at the same time, in the relative proportion of
their isotopes, without actually affecting the content
of isotopes of the base element, which exceed the
impurity content by orders of magnitude.

The results presented in Tables 1—3 indicate slight
changes in the isotopic ratios in the main element Pd
and somewhat greater isotopic changes in the impurity
elements Pt and Pb under the action of a nonequilib-
rium low-temperature plasma. At the same time, the
total amount of impurity elements Pt and Pb in the
surface region of the original palladium sample is sig-
nificantly reduced, which indicates the realization of
nuclear processes in the near-surface region of the
sample, leading to decay of the initially nonradioactive
isotopes of Pt and Pb, 1.e., to the manifestation of arti-
ficial radicactivity. In this case, the detected reduction
in impurity lead isotopes is much more pronounced
(the remainder 18 less than a percent of the initial con-
tent) than the reduction in the imtial content of impu-
rity platinum isotopes almost by a factor of three, also
reliably detected.

These results cannot be understood within the
existing concepts, dating back to I. Curie and F. Joliot
(1934), according to which the decomposition of non-
radioactive isotopes was considered possible only
Vol. 53
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Table 4. Ratios of isotopes rﬁW in a Pd cathode after treatment in deuterium plasma and in a model tungsten sample

A 180 182 183 184 186

Natural isotope content, % 0.12 26.50 14.31 30.64 28.43
In the cathode after deuterium | % 01 251 14.2 33.6 28.0
plasma

Number of pulses 704 143550 81442 192833 154688

573217
In the cathode 4 months after | % 0.1 25.7 14.0 30.8 29.4
deuterium plasma®* T -

pulses

226944 272 58236 31673 69955 66808
On the opposite side of the % 01 254 13.7 29.7 3.1
cathode 4 months after
i g i Ilf;é‘;’;’fr of pulses 128 26955 14536 31640 33092
In the model W sample after | % 0.1 255 14.2 30.8 294
deuterium plasma Number of impulses 135028 | 30267204 | 16857920 | 36560000 | 34819016

tot

* The change in the total naumber of pulses in experiments four months after treatment, determined by a decrease in 4™~ by a factor of
~2 in this case can be associated with relatively long-term uncontrolled relaxation changes in the near-surface region of the sample after

4 hours of treatment in plasma, including oxidative processes.

when they were bombarded with various particles, in
particular, alpha-particles and protons of sufficiently
high energies necessary to overcome the correspond-
ing energy barriers and create radioactive muclei in
such collisions. Possible nuclear processes causing
such artificial radioactivity under the conditions of our
experiments will be discussed below in Section 5.

In particular, it will be shown that an important
aspect for understanding the essence of the decay pro-
cesses of imitially nonradioactive isotopes Pt and Pb is
the formation in the Pd cathode of all five isotopes
(see Table 4), which are conventionally defined as sta-
ble due to their anomalously large half-lives

Y}ﬁ ~ 10" 210" years. In the initial Pd samples, tung-
sten impurities are insignificant, practically, at the
background level. Therefore, Table 4 presents the
number of pulses produced by all tungsten isotopes

(W, %W, 5w, W, and 'TW) after glow-dis-
charge treatment of the sample as a cathode, aswell as
the corresponding percentage of these isotopes. For
comparison, the so-called “natural” ratios for these
isotopes are also presented.

The appearance of tungsten isotopes in the Pd
cathode could be associated with the use in the glow-
discharge setup of a tungsten substrate, on which a
palladium sample was placed on the cathode, since,
under the glow-discharge conditions, tungsten from
the substrate could diffuse into the Pd cathode. The
data on the isotopic composition of tungsten of this
substrate are also presented in Table 4, together with
data on the presence of W isotopes and their isotopic
ratios in the near-surface layer of the Pd cathode in
contact with the tungsten substrate, i.e., from the side
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of the Pd sample that was not directly exposed to deu-
terium plasma. To obtain comparative information on
the genesis of tungsten isotopes in the near-surface
layers of the Pd cathode from the side of the action of
plasma flows on it and from the opposite side, four
months after the described experiment, data were
obtained on the numbers of pulses produced by tung-
sten isotopes and the percentage of each isotope at
bothindicated interphase boundaries on the irradiated
and unirradiated sides of the Pd cathode.

According to the data presented in Table 4, the
content of W isotopes in the near-surface region of the
Pd cathode from the side of the deuterium-containing
plasma noticeably exceeds the content of Wisotopesin
the cathode from the side of the tungsten substrate.
This unambiguously indicates that the formation of
tungsten isotopes in the near-surface region of the
cathode from the plasma side is not associated with
the diffusion transfer of tungsten isotopes from the
cathode—substrate interface. The only cause of the
appearance of tungsten isotopes in the surface region
of the cathode irradiated with ions may be linked with
a detected reduction in the content of impurity Pt and
Pb isotopes in the near-surface region of the original
palladium sample under the action of deuterium-con-
tamning plasma. Moreover, the realization of nuclear
reactions leading to the decay of Pt and Pb with for-
mation of W isotopes is unambiguously indicated by
the large differences in the relative content of isotopes,
first of all, W-184 and W-186 in the Pd cathode from
the side of the plasma after a 40-hour treatment of
the cathode and in the model sample, about 2 and
2.5%, respectively. Four months after the experi-
ments, these differences decrease and, directly in the
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Table 5. Niisotope ratio after irradiation in hydrogen plasma

Ni 58% 60 61 62 64*
Natural isotope content, % 68.08 26.22 1.14 3.63 0.93*
Initial sample % 631 294 1.1 5.5 0.9
Number of pulses 445460 207505 7470 38670 6563
After protium plasma % 66.0 27.6 1.3 42 0.9
Number of pulses 24555988 10275778 483529 1565551 346212
%/Illl)llt;f#gty of increase in the number of pulses after 551 495 647 105 578
*See text for explanation.
Table 6. Reduction in Fe isotope content in Ni after irradiation in hydrogen plasma
Fe in Ni 54% 56 57 S58%F
Natural isotope content, % 585 91.70 212 0.28
In initial sample % 6.4 91.1 2.2 0.3
Total number of pulses 320951 4472848 109286 13751
(315234)
After protium plasma % 18.7 79.4 1.6 0.3
Total number of pulses 120542 508803 10174 1793
(119614)
Amonnt of remaining isotope, % <37.6 <11.4 <9.3 <13.0

*See text for explanation.

surface layers of the cathode, these differences are
about 0.3 and 1.5%.

3.2. Determining the Isotopic
and Elemental Composition of a Nickel Sample

Experimental data on the total number of pulses for
isotopes of the nickel sample and the impurity isotopes
Fe, Zn, and Cu contained in the sample, on the initial
percentage of eachisotope in the nickel sample, onthe
change in the percentage of each isotope after expo-
sure of the sample to nonequilibrium protinm-con-
taining glow-discharge plasma, as well as the abun-
dance of the analyzed isotopes in nature are presented
in Table 5 (for isotopes of the basic element Ni) and in
Tables 6, 7, and 8 (for impurity elements Fe, Zn, and
Cuin the sample Ni, respectively).

Tables 5—7 require explanation, since the elements
listed there (marked with asterisks) have some isotopes
of other elements with the same mass numbers; there-
fore, the total number of pulses corresponding to each
such mass should be decomposed into parts corre-
sponding to aspecific element. To this end, first of all,
wewill assume that the fraction of isotopes whose nat-
ural content in the elements considered is small (of the
order of 1% or less) and does not change after treat-
ment in the plasma. It is natural to assume that possi-
ble changes in the content of such isotopes after
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plasma treatment will not greatly change the main
estimates of our analysis, which substantiates the pro-
cesses of initiated decay of initially nonradioactive iso-
topes after treatment in hydrogen-containing glow-
discharge plasma. Here, we mean the Ni-64 and
Fe-58 isotopes, the relative fractions of which among
other nickel and iron isotopes, respectively, are 0.93
and 0.3%. The isolation of a relatively small number of
pulses associated with the presence of Fe-58 in the
sample, as well as the pulses produced by the Ni-64
isotope, isnecessary not only to determine the number
of pulses associated with the presence of the Ni-58
isotope, but also to refine the number of pulses associ-
ated with the presence of the Zn-64 isotope. But, to
correct all the numbers of pulses produced by the
nickel, iron, and zinc isotopes, it is necessary to refine
the number of pulses associated with the Fe-54 iso-
tope, since mass number 54 is also associated with the
stable isotope Cr-54. The number of pulses associated
with the latter isotope can be estimated based on the
known numbers of signals associated with stable chro-
mium isotopes, in particular, Cr-52, the natural frac-
tion of which is 83.79%, because the natural fraction
of the Cr-54 isotope among other stable chromium
isotopes is relatively small, amounting to 2.36%. The
corresponding recalculation of pulses characterizing
the mass number 52 shows that the fraction of pulses
corresponding to the Cr-54 isotope is less than 2% of
the number of pulses characterizing the mass number
2022
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Table 7. Reduction in Zn isotope content in Ni after irradiation in hydrogen plasma

69

Zn in Ni 64* 66 67 68 70%
Natural isotope content, % 48.63 27.90 410 18.75 0.62
In initial sample % 47.0 284 4.3 19.6 0.7
Total number of pulses 8014649 4840528 741032 3347821 120765
After protium plasma % 98.8 0.3 01 0.8 0.0
Total number of pulses 437493 1404 578 3494 90
Amount of the remaining isotope, % <55 <0.03 <0.08 <0.1 <0.07
*See text for explanation.
Table 8. Reduction in the number of Cu isotopes in Ni after treatment in hydrogen plasma
Cuin Ni 63 65 SCu/SCu
Natural isotope ratio, % 69.17 30.83 224
In initial sample % 65.8 34.2 { 53
Total number of pulses 230282834 119923026
After protium plasma % 684 31.6
Total number of pulses 255329 118 189 216
Amount of remaining isotope, % <0.1 <0.1

for the Fe-54 isotope in Table 6. Considering these
small corrections (they are enclosed in brackets in the
column Fe-54 in Table 6) the sum of pulses corre-
sponding to the Fe-54, Fe-56, and Fe-57 isotopes is
determined, which, as indicated above, 18 99.7% of the
total number of pulses for this element. Hence, the
number of pulses comresponding to Fe-58 is deter-
mined. Similarly, considering the number of pulses pro-
duced by Ni isotopes other than Ni-64 and by Zn iso-
topes other than Zn-70, the natural contents of which
are 0.9 and 0.6%, respectively, the numbers of pulses
corresponding to Ni-64 and Zn-70 are determined.

When analyzing the number of pulses associated
with isotopes of impurity elements in samples
obtained upon laser ablation, it should be borne in
mind that the isotopes of impurity atoms in basic
metal matrices (Pd and Ni in our case) are linked with
matrices by less strong bonds than cohesive bonds
between the base atoms. Therefore, it maybe expected
that the specific number of pulses per unit mass
removed from the sample when “sampling” will be
significantly smaller when analyzing the isotopes of
the base samples.

The results presented in Tables 5—8 unambiguously
indicate a change in isotopic ratios both in the main
element Ni and in impurity elements under the action
of a nonequilibrium low-temperature plasma on the
sample. Moreover, the total amount of these impurity
elements in the surface region of the initial nickel sam-
ple is significant, and some isotopes almost com-
pletely vanish, which indicates the realization of
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nuclear processes in the bulk of nickel, initiating the
decay of all the presented initially nonradicactive iso-
topes of Fe, Zn, and Cu, 1i.e., artificial radioactivity.
Therefore, anatural question arises of how the forma-
tion of radicactive isotopes from stable isotopes of
iron, copper, and zinc can be initiated under the con-
ditions of a low-temperature hydrogen-containing
plasma. We will discuss this possibility below.

4. DISCUSSION OF RESULTS
4. 1. Non-Nucleon Excitations of Atomic Nuclei

under Conditions of Low-Temperature Plasma:
Phenomenology

When discussing the possible causes of the changes
occurring in the relative content of all identified iso-
topes under the action of low-temperature deuterinm-
and protium-containing glow-discharge plasma on
palladium and nickel cathodes, we will use, as indi-
cated in Introduction, the previously developed con-
cepts [33—37] on the possibility of the formation of
metastable nuclei ([ nuclei) with a locally violated
nucleon structure in a low-temperature plasma. Usu-
ally, when considering the mechanisms of nuclear

processes and the decay of atomic nuclei %N (Zand A
are the atomic and mass number of a nucleus N,
respectively), nuclear matter isrepresented in the form
of interacting nucleons. However, under conditions of
anonequilibrium low-temperature plasma in the pres-
ence of electrons in the plasma with a sufficiently large
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(on the chemical scales) kinetic energy £, ~ 3—5 eV,
the situation may be different.

It is known that during K-capture, when the elec-
tron of the inner shells of the atom interacts with the
surface of the nucleus and a new, daughter nucleus is
formed, the nucleon structure of muclear matter does
not change. Atthe initial, irreversible stage of this pro-
cess, the electron, when interacting with the surface of
the nucleus, emits a neutrino v. The resulting virtual

vector W~ boson, incorporated in nuclear matter,
when interacting with a # quark of one of the protons
turns into a 4 quark, as a result of which this proton
turns into a neutron, which results in the formation of

anucleus zi M. However, if the plasma contains atoms
in which K-capture in a nucleus is forbidden (it is
exactly these cases that are considered below) and the
process of ionization of the electron shells of atoms by
electrons with a kinetic energy £, ~ 3—5 eVisnot yet
realized, then the scattering of such electrons (their de
Broglie wave A = 0.6 nm) on atoms and jons initiates
vibrational dynamics of the electronic subsystems of
atoms and ions and, consequently, an increase in the
probability of the interaction of electrons of the inner
subshells of atoms and ions with the corresponding
nuclei.

At the first, irreversible, stage of such a nuclear-
chemical interaction, a neutrino v is emitted and a

vector W boson incorporates into the nuclear matter
of the original nucleus 4N in accordance with

AN ten — 25My, +v. (1)

The subscript (high energy) in the designation of an
electron on the left-hand side of (1) indicates the acti-
vated character of this stage of the process, and the
subscript in the designation of the nucleus on the
right-hand side of relation (1) indicates the formation

in such a process of nuclei , M, in the metastable
state (“inner shake-up” or isu-state) of nuclear matter
with alocally disturbed nucleon structure. Indeed, the

vector W boson interacting with the «# quark of one of

the protons of the nucleus ‘;N can only produce a vir-
tnal 4 quark, but the three quarks that have emerged
from the proton—two 4 quarks and a & quark—cannot
form a neutron due to the lack of total mass of such a
kernel for K-capture. The initiated chain of virtual
transformations of quarks with the participation of
vector W bosonsin the formed nucleus with a distorted
nucleon structure must be interrupted by irreversible

decay of the virtual W™ boson with the formation of the
initial nucleus, electron, and antineutrino ¥:
My, > SN+e +7, (2)

so that the total process with the corresponding stages (1)
and (2) is represented in the form of inelastic scatter-
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ing of an electron by the initial nucleus in the channel
of weak nuclear interaction:

§N+e;e—)%N+e_+v+ﬂ?. (3)

Nuclei with a state of nuclear matter in a metasta-
ble isu-state will be defined as p nuclei. The threshold
energy of such a process with the creation of a v ¥ pair,

determined by the neutrino—antineutrino rest masses,
is about 0.3 eV [39].

The formation in the nucleus of three quarks not
bound into anucleon, which, in this case, can be con-
sidered to be “markers” of new degrees of freedom, in
fact, means that the intensity of nuclear forcesis insuf-
ficient to provide the conventional, proton—meutron
organization of nuclear matter in the system. The sub-
sequent relaxation dynamics of the locally arisen isu-
state, which can be transferred by means of pions to
other nucleons of the nucleus, is initiated only by weak
nuclear interactions, which are realized through
quarks during the production and absorption of gauge
vector neutral Z° and charged W*=bosons. The lifetimme
of the formed [ nuclei in the metastable isu state, as
follows from a specially designed experiment [31] on
the synthesis of tritium during laser ablation of metals
in heavy water and experimental results on the initi-
ated decay of U-238 [35, 36], may be rather signifi-
cant, from tens of minutes to several years, and nuclei
in this state can directly participate in various nuclear
processes [33, 34], including nucleosynthesis in the
stars [37, 40].

It should also be borne in mind that the relaxation
rearrangement of nuclear matter during the formation
of products of such nuclear transformations proceeds
primarily through the formation of a purely nucleon
structure of the nucleus, in accordance with the prin-
ciple of least action. In nuclei with a proton—meutron,
nucleon structure, excitation—relaxation processes
can go through the excited states of the nucleus and
include the stages of emission of ¥ quanta, whereas, in
nuclei with a partial “nonnucleon” state of nuclear
matter, such relaxation is almost excluded and the
relaxation of the resulting products is inevitably asso-
ciated with the loss of energy through the emission of
neutrino—antineutrino pairs, or the URCA process [41].
That is why the associated nuclear processes turn out
10 be safe.

It is worth noting some unexpectedness of the
result presented above about the possibility of external
effect of electrons on the dynamics of decay of aradio-
active nucleus. It turns out that, although electrons
cannot interact with nucleons of the nucleus as frag-
ments of nuclear matter, they can initiate (via vector

W™ bosons) local disturbances in the nucleon strue-
ture of the nucleus. At the same time, as experience
shows, external excitations of a radioactive nucleus as
an integral system (under the action of yradiation, in
particular) cannot affect the rate of radioactive decay,
and, consequently, the phenomenon of initiation of
Vol. 53
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nuclear instability discussed here. In these cases,
nuclear matter manifests itself as an integral system of
interacting nucleons with their inherent individual
characteristics.

With regard to the problems of initiation of artifi-
cial radioactivity considered in this work, we will be
interested in the simplest of p nuclei, which are f neu-

tron 'n,, and P dineutron “n_,. These nuclei are
formed by the interaction of high-energy electrons

with protons |H or deuterons TH under the conditions
of protium- or deuteron-containing glow-discharge
plasma, respectively, according to:

Hot e, = 0, +, €y
H+tep - ‘ng, +v. (5)
If the half-lives T}, of such P nuclei are long

enough, neutral nuclei 'n., and *n._,, formally charac-
terized, respectively, by baryon numbers equal to one
and two, zero lepton charges, and rest masses equal to
the masses of the hydrogen and deuterium atoms, can
effectively participate in various nuclear processes.
This conclusion is based on the results of a number
of works on the “cold synthesis” of a number of ele-
ments, in particular, gold upon laser ablation of mer-
cury-196 in heavy water [29] and tritium upon laser
ablation of a number of metals in heavy water [31].
During the synthesis of tritium, its activity in heavy
water exceeded the background activity of the initial
system by three orders of magnitude when the
cathodic bias was applied to the metals used. Such
results could be understood by assuming that the half-

life 7}y, of the B dineutron subject to decay
‘ng, > H+e +7 (6)

with the formation of a deuteron ng) an electron, and
an antineutrino, turns out to be rather long, at least
tens of minutes. It was assumed that the actual process

of production of trittum fH occurred during the inter-
action of a deuteron TH with a nucleus “n,,:

‘H+’n,, — H+1n+0(3.25 MeV), (7
where nis aneutron.
The authors of [31] also postulated the possibility of

’ y i % i

the production of a hypothetical f trineutron “n,,, during
the interaction of electrons with tritium nuclei ; H:

TH R g ¥ (8)

The rest mass of the introduced neutral nucleus

*n,, was assumed to be equal to the rest mass of the
tritium atom. It is through the formation of a nucleus

311]-Su that the process, discovered in [31], of initiated
decay of tritium nuclei under the conditions of laser
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ablation of metals in aqueous media, along with the
synthesis of tritium nuclei, can proceed. The corre-
sponding gross process can be represented as

31H +epe —> ansu + v
- iHe +2e +v+2¥+ 0(0.019 MeV).
It should be noted that the half-life TIIQ of the

nucleus 311]Su ,according to [31], is of the same order of

©

magnitude as the half-life of the nucleus Q1115u, which
is many orders of magnitude smaller than the half-life

of the trittum nucleus (T}p = 12.3 years).
Mearwhile, it canbe argued thatitis the introduction
of the concept of rather long-lived neutral [ nuclei 111]Su

and 2111511, which are produced in protium- and deute-
rinm-containing glow-discharge plasma, respectively,
and are capable of quite effectively penetrating into the
near-surface defect layers of palladium and nickel
cathodes, that made it possible to understand what
type of nuclear processes could cause a significant
reduction in the content of impurity nonradioactive
elements detected in the experiments. It should be
emphasized here that, in contrast to nuclear reactions
occurring during collisions of reactants in the gas
phase, for the considered nuclear transformations in
the region of grain boundaries of the solid phase of
metals, due to the possible influence of the environ-
ment, the energy factor alone is sufficient (without
spin and parity matching of colliding and final nuclei).

In nuclear processes involving 'n., and “n,_, particles,
when the fusion of nuclear matter of the initial stable
nucleus with the nuclear matter of the aforementioned
neutral light nuclei in the isu-state, in addition to the
total excitation energy of the “compound nucleus,”
which, in the cases under consideration, is about
10 MeV relative to the ground state of the indicated
nuclei, the nuclear matter of such nuclei can be par-
tially in an unbalanced isu-state with the loss of the
stability of the nucleus.

In this case, the compound nucleus actually turns
out to be radioactive and it will face an inevitable
transformation. It is assumed that the nuclear struc-
ture is rearranged during the decay of a compound
nucleus through the weak nuclear interactions with
the relaxation dynamics of URCA processes upon
emission of v¥ pairs, which leads to the complete
absence of hazardous radiation. No specific a priori
estirnates of the decay probabilities of such compound
nuclei can be made, including processes with the
simultaneous emission of alpha particles and elec-
trons, since the decay processes of excited nuclei with
a disturbed nucleon structure of the type under con-
sideration have not previously been considered in
nuclear physics. Therefore, the only basis for the pos-
sible mechanisms of the processes observed has been
the direct mass spectrometric information on changes
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in the elemental and isotopic composition of the main
impurities in Pd and Ni cathodes and the appearance,
in the case of a Pd cathode, of tungsten isotopes as an
impurity, as well as the absence of ionizing radiation.
The characteristic time of this transformation must be
determined by many factors, both purely energetic
and, possibly, structural, meaning the admissible rear-
rangements in the nuclear matter of the compound
nucleus. The analysis of the dynamics of radioactive
decay of a nucleus can involve the Kramers activation
process in its discrete version (“wandering” over
energy levels with reaching a certain boundary)
[42, 43], which is widely used in physicochemical
kinetics. Here, we mean the dynamics of energy accu-
mulation by the nucleus in the unstable isu-state at the
“last” bond, the breaking of which means the decay of
the nucleus along a certain channel. Possible paths of
nuclear-chemical reactions that determine the decay
processes of impurity elements in palladinm and
nickel electrodes under glow-discharge conditions in
this study are discussed in the next section.

4.2. Possible Mechanisms of Nuclear- Chemical
Reactions Involving Impurity Elements

in Palladium and Nickel Cathodes

4.2.1 Palladium cathode. Palladium cathode con-
taining Pb and Pt impurity elements during a glow
discharge in a deuterium-containing gas environment.
We will assume, in accordance with the previous sec-

tion, that, in the interaction of neutral nuclei “n,, with
the nuclei of the elements under consideration in the
process of fusion of the nuclear matter of these nuclei,
a compound mucleus is formed in an excited state
(marked with an asterisk in the upper right corner in
the notationused for this nucleus) and the total energy
of the resulting nucleusis redistributed over its volume

by means of Z" vector bosons, initiating the formation
of the nucleon structure of the daughter nuclei and the
emission of part of the energy in the form of v¥ pairs
in accordance with the laws of conservation of energy
and momentum. Naturally, under conditions of the
action of plasma flows on a palladium electrode, the

2nlsu nuclei mainly interact with palladium isotopes.

These are the processes of mutual transformations of
stable isotopes:

APd + o, — M2PAL, — PPA v+ Q,,  (10)

where A = 102, 104, 106, and 108 and the energy
release values during the production of isotopes with
massnumbers A= 104, 106, 108, and 110 are, respec-
tively, Q, = 14.60, 13.65, 12.75, and 11.96 MeV, as
well as

A 2 At2py ¥
#Pd + "0y, > “iPdy,

4 A2 — e 2
— He+ ";Pd+2e + 2%+ vV + 0y,

(1)
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where 4 = 104, 106, 108, and 110, and the energy
release values during the production of isotopes with
mass numbers A= 102, 104, 106, and 108 are, respec-
tively, @, =9.25, 10.20, 10.99, and 11.75 MeV.

Upon the interaction of neutral nuclei ‘n,, with
palladium isotopes, new elements can also be pro-
duced. Here are some examples of such possible reac-
tions:

105 2 107 4%
4sPd + gy = 4 Pdyg,

(12)
> iHe+ 'Rh + e + 9 +v¥ + 0(10.32 MeV),

¥
#Pd+ "ng, — “EPAL,
— THe + “ Ru+vv +Q,,

where 4 = 102, 104, and 106, and the values of the
energy release for the indicated A during the formation
of ruthemium isotopes 102, 104, and 106 are, respec-
tively, @, = 12.00, 10.42, and 8.9 MeV. Regarding the
processes with the production of ruthenium, it is diffi-
cult to draw unambiguous conclusions aboit the man-
ifestation of such processes in the analysis of the mass
spectra obtained, since the masses of the indicated
ruthenium isotopes 100, 102, and 104 can be associ-
ated with isotopes of other elements (Mo-100,
Pd-102, and Pd-104). At the same time, the mass
number 103 canbe associated onlywith rthodinm, with
which, during the mass spectral analysis, 7621 pulses
were associated in the initial sample and 28 136 pulses
after glow-discharge treatment of the palladium sam-
ple. Naturally, it 18 impossible to separate the contri-
bution of such numbers of pulses against the back-
ground of pulses associated with the Pd-105 isotope,
which are greater by orders of magnitude.

(13)

Let us consider further possible processes for the

211]-Su nuclei with isotopes of the impurity elements lead
and platimim. In the case of lead, the reactions of the
production of its heavier isotopes are presented in
the form

A =0} A4 * & 42 0
HPb+ n,, — “hPby, - TRPb+yW+ Q. (14)

Here, 4 = 204 and 206 and the values of energy

release O, during the formation of isotopes with mass
mumbers 4 = 206 and 208 are @, = 11.81 and

11.10 MeV, respectively. Simmltaneously, reactions
with the production of lighter isotopes,

A 2 A+2 *
nlPb+ Ny — 5 Pby,
4 A= — o =
— SHe+ "2Pb +2e” + 2V +v¥ + 0,

can also take place. Here, A= 206 and 208 and the val-
ues of energy release during the formation of isotopes
with mass numbers 4 = 204 and 206 are equal to 0, =
12.03 and 12.75 MeV, respectively.

(14a)
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Let us give examples of processes resulting in a
decrease in the content of lead isotopes in the palla-
dinm cathode under the action of flows of a deuteron-
containing glow-discharge plasma. If we focus on the
values of energy release in muclear processes initiated

by the interaction of gnisu nuclei with lead isotopes,
then the main daughter products in such processes are
platinum isotopes, which, along with lead isotopes,
are also detected as animpurity in the initial palladium
samples:

A 2 A+2yp
— PC+ A Pt+ 2e + 2V + vV + Q,

(here, for A = 204, 206, and 208, the values of the

energy release O, during the production of isotopes
with mass numbers 194, 196, and 198 are, respectively,
Q,=22.79,21.00, and 21.29 MeV);

(15)

208 08 *
2 Pb + 11 — "5, Pby,

(16)
S BCH PP+ 26 + 25 + v + 0(19.02 MeV):

A 2 A+2 *
16 A-14
— 0+ TPt + de +4\r’+\-’\r’+QA

(here, for A = 204 and 206, the values of the energy

release during the formation of Pt isotopes with mass
numbers 190 and 192 are Q, = 30.07 and 30.37 MeV,
respectively).

(162)

In the case of platinum, the reactions of the pro-
duction of its heavier isotopes are represented as

A4+2

SPt+ ng, — A;%Pt; BPt+YW+ Q. (17)

Here, A=190, 192, 194, and 196 and the values of
energy release (, during the formation of isotopes
with mass numbers A = 192, 194, 196, and 198 are
Q,= 1211, 11.62, 11.02, and 10.40 MeV, respectively.

Simultaneously, reactions of the formation of lighter
isotopes,

A % A4 *
AP+ T, = Pty (17a)

4 A7 — i i
— sHe + "ZPt+ 2e + 2V +v¥ + Qy,

can also take place, where A = 192, 194, 196, and 198
and the values of energy release during the formation
of isotopes with mass numbers A= 190, 192, 194, and
196 are @, = 11.74, 12.23, 12.83, and 13.45 MeV,
respectively.

By inspecting numbers on the energy release in

nuclear reactions of the 211]Su nuclei with impurity plat-
inum isotopes, it can be assumed that the main pro-
cesses causing the reduction in platinum isotopes
during the treatment of palladium samples in a glow-
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discharge plasma are muclear reactions with the for-
mation of tungsten isotopes:

195 2 1971y
7Pt + Ty, — 3Py,

(18)
— UN +'"5W + 3¢ + 39 + vV + 0(23 .83 MeV);
lggpt_’_ Ny, — QggPtzu (19)
—> le + I%SW +3e +3V+ v+ 0(22.96 MeV);
Py, > A0 (20)
— IEC A gﬂW+2e + 2% + vV + @y,
where A = 190, 192, 194, and 196 and the values of

energy release for the indicated A during the produc-
tion of the tungsten-180, 182, 184, and 186 isotopes
are, respectively, 25.45, 25.09, 24.06, and 22.98 MeV.

The data presented in Section 3.1 and Table 4 on
the production of tungsten isotopes in the Pd cathode
after treatment in a deuterinm-containing plasma are
formally quite consistent with the assumption made.
In this case, however, a question arises. The W-184
and -186 isotopes, the relative fractions of which are
33.64 and 26.66%, respectively, are produced, in
accordance with (20) and (19), in nuclear processes
involving the Pt-196 and Pt-198 isotopes, the relative
fractions of which among the platinum isotopes are
26.7 and 7.90%. The question is why the 3-fold differ-
ence in the proportions of platinum isotopes does not
actually appear, so that, in the final product, the pro-
portions of the W-184 and W-186 isotopes turn out to
be close. Moreover, as follows from (19) and (20), the
probability of the reaction with the production of the
W-186 isotope should be even lower than the proba-
bility of the production of the W-184 isotope, due to
the smaller phase space in the case of the reaction with
the production of three electrons and antineutrinos,
rather than reactions with the formation of two elec-
trons and an antineutrino.

We believe that, to answer this question, itisneces-
sary to consider the problem in its most general form,
namely, to take into account the formation of platl—
num isotopes in processes (15) under the action of
deuterinm-containing plasma on the impurity lead
nuclei, primarily, Pb-206 (215876) and Pb-208
(4?4?24), since it is with these isotopes that the pro-
duction of the Pt-196 (197346) and Pt-198 (59343)
isotopes is associated; then, the subsequent formation
of the W-184 (192833) and W-186 (154 688) isotopes
should be considered in accordance with indicated
processes (20) and (19). Asnoted above, the numbers
of pulses given in parentheses for each isotope, taken
from Tables 2—4, are regarded as a quantitative char-
acteristic of the total amount of a given isotope of each
specific element contained in the Pd cathode. It is the
comparative analysis of the quantitative characteristics
that allows us to conclude that the production of the
indicated tungsten isotopes, in particular, W-184 and
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W-186, in the ratios found in the analysis, requires a
“feed” of the Pd cathode with the Pt-196 and Pt-198
isotopes, i.e., the participation of the Pb-206 and
Pb-208 isotopesin the processes. Moreover, asfollows
from processes (14a), (15), (16), and (16a), during the
considered initiated decays of the heaviest lead is0-
topes, the Pd cathode is fed with lighter platinum iso-
topes: Pt190, Pt-192, Pt-194, and Pt-195 and the
general dynamism of the processes under consideration
is maintained by mutual transformations of lead and
platinum isotopes in accordance with reactions (14)
and (14a), as well as (17) and (17a). Therefore, an
important factor determining the establishment in the
Pd cathode after treatment not only of a relatively high
fraction of the W-186 isotope but relative fractions of
other tungsten isotopes produced there, is the high
fraction (54.18%) of Pb-208 relative to other lead iso-
topes.

4.2.2 Nickel cathode. Nickel cathode contaiming
Cu, Zn, and Fe impurity elements in a glow discharge
in a protium-containing gaseous medium. Under the
action of flows of a protium-containing low-tempera-
ture glow-discharge plasma on a nickel cathode, neu-
tral nuclei formed in reaction (4) turn out to be the
main factor initiating muclear-chemical processes in
the cathode. First of all, these are the processes of
some mutual transformations of stable isotopes:

1)

where A = 60 and 61 and the values of energy release
during the production of nickel isotopes with mass
numbers A =61 and 62 are, respectively, 0, =7.04 and
9.81 MeV;

BT 1 A+l ¥ A+l . w
2aNi + ny,, = 5aNi, = “pNi+ w + 0y,

A L Al ¥
wNL+ my, — “53Nig, (22)
S IR = 2 Z

—> 2He + “5Ni+2e +2v+v¥ + 0,

where A = 61 and 64 and the values of energy release
during the production of nickel isotopes with mass
numbers A =58 and 61 are @, = 0.87 and 2.42 MeV,
respectively, aswell as the processes of obtaining stable
isotopes of other elements from nickel isotopes:

ANi+'n,, — *INi, 22)
— fECu+e +V v+ 0,

where A = 62 and 64 and the values of energy release

during the formation of copper isotopes with mass

numbers A =63 and 65 are, respectively, O, = 6.12and

2.95 MeV.

Let us now consider the processes that cause the
reduction in the content of isotopes of impurity non-
radioactive elements: copper, zinc, and iron in nickel
cathodes during a 40-hour treatment in a protium-
containing glow-discharge plasma under the action of

neutral nuclei 111]Su on the nickel ions. Apparently, the
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main processes leading to a reduction in the copper
content in nickel samples can be represented as follows:

S BZn+e +9 +v +0(7.71 MeV),
ESCu + s ESCuiu
— 33211 +e + ¥V + vV +0(8.92 MeV).

It can be assumed that ahigherlevel of reduction in
the content of copper-65 in the nickel cathode under
the action of plasma flows, as follows from the ratio

63Cu/ “Cu (Table &), is determined by the higher
energy release in process (25) comparedto process (24).
Below, we present reactions involving zinc isotopes, in
which helinm and both copper isotopes are produced,
which must have a lower probability due to the lower
energy release and phase spaces of these processes.

Let us present the main processes that determine
the reduction in the content of stable zinc isotopes in
anickel cathode. We assume that the interaction of the

(25)

Zn-64 nucleus with the 'n._, nucleus and the produc-
tion of the compound Zn-65 nucleus in the isu-state
initiates the interaction of the K-shell electron with
this nucleus (it is known that the Zn-65 nucleus
undergoes K-capture in the ground state), leading to
the formation a Cu-65 nucleus, which can be repre-
sented as a gross process

64 1 65 *
wln+ ng — p/n

(26)
T>3§(3u +V + V¥ + 0(8.55 MeV).
The other processes canbe represented as
*
33211 + 1nlsu - 23;'211“ 27)
— 970 +v¥ + 06.27 MeV),
*
33;'211 + l11]-511 - §§2nm (28)
- 33211 +v¥ + Q(9.42 MeV),
33211 + 1nm — 33211’; (29)
— THe + SSCu +e” +V +vv +Q(7.97 MeV),
6l 1 3y *
6 wpfn+ ng — 5 Zn, (30)
— YGa+e +9+v¥+0(6.61 MeV),
;EZH‘F 1ﬂisu - ;ézjliu (31)

= ;1Ga +e +¥+vi+Q(7.87 MeV).

Deespite the production of gallium isotopes in pro-
cesses (30) and (31), the accumulation of these iso-
topes in the nickel cathode does not occur, since both
Vol. 53
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isotopes can effectively participate in the following
transformations:

69 1 70 *
4Ga+ ng, — 5,Gag, (32)
70 — - s
— 5, Ge+e +¥+ v+ Q(8.53 MeV),
71 1 72 *
31Ga+ ng, — 5Gag,

(33)
> EGe+e +9+v¥ +Q9.74 Mev).

The analysis of these processes shows that, in
accordance with the data in Table 6, all impurity zine
isotopes must participate with similar efficiencies in
nuclear transformations initiated by interactions with

1 .
neutral ‘n,, nuclei.

The processes that determine the reduction in the
content of stable iron isotopes in the nickel cathode,
detected in the experiments, should be considered
together with nuclear transformations involving stable
monoisotopes: manganese-55 and cobalt-59 pro-
duced in these processes, since the detected content of
these isotopes in the initial nickel cathode also
dropped noticeably. After 40-hour treatment in a glow
discharge, the manganese content in the near-surface
region of the nickel sample dropped to 4% and the
cobalt content 10 34.6% of the initial one. Let us imag-
ine a possible combination of such nuclear-chemical
transformations making it possible to qualitatively
understand the cause of the reduction in the initial
content of all iron isotopes. We assume that the inter-
action of the Fe-54 nucleus with the Fe nucleus and
the production of the compound Fe-55 nucleus in the
isu-state initiates an interaction with the inner-shell
electron (it is known that the Fe-55 nucleus in the
ground state undergoes K-capture), leading to the
production of the Mn-55 mucleus, which can be rep-
resented as a gross process

S‘éFe + 1ﬂisu — SSFe?‘su (3 4)
———>5Mn + v+ + 0(8.75 MeV).

The Mn-55 nuclei produced in this case can also
participate in maclear transformations due to interac-

tion with neutral 'n_, nuclei:
55 1 56 *
oMn + n, — 3.Mn,
> EFe + e + ¥+ vV + 0(10.18 MeV).

The other processes are represented as

(35)

Sh 1 5T *
wFe + n,, — 5:Fe,,

(36)
— lFe +vv + 0(6.86 MeV),

57 1 58 ¥
%Fe T Iy — %Feisu

(37)
— 3¥Fe + v¥ + 0(9.26 MeV),
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58 1 S0 ¥
xFe+ ng — 5:Feg,

(38)
- §§C0 +e +V+vwW+Q(7.36 MeV),

59 1 By ¥
27C0 + ‘0, — 5;Coy,
S S
— sNi+e +¥ +0(9.53 MeV).

It should be noted that the fraction of the Fe-58
isotope usually does not exceed 0.3% of the total iron
content and is not detected under the conditions of
our experiments in the analysis against the back-
ground of nickel-58. Therefore, it can be assumed that
anoticeable amount of Co-59 against the background
of the imitially existing impurity in the nickel sample
during the treatment of the nickel cathode, in accor-
dance with (38), is not produced and process (39)
should be associated with areduction in the amount of
impurity cobalt.

(39)

In connection with the introduction into consider-

2

ation of the neutron-like particles 'n,, “n,,, and

3111-5u, making it possible to understand the physical
reasons for the initiation of low-energy nuclear chem-
ical processes, it isnecessary to analyze more carefully
the phenomenon of neutron production in various
low-energy nuclear processes studied since the 1950s
by Artsimovich’s group [5, 6], in the works of Basov
et al. [10], Deryagin et al. [17], in recent works by
Schenkel et al. [19], work [20] considering laser
impacts on deuterated titanium targets, and the work
of a NASA scientific group using bubble detectors of
neutrons, which is considered the most accurate
method [21]. It cannot be ruled onut that, in all these
studies, in a deuteron-containing medium, P dineu-
trons were produced, which, in neutron detectors
based on the neutrons absorption and the subsequent
emission of charged particles or ¥ quanta, could initi-

) 1 . . .
ate ( n.,, njsu) processes in which a neutron is

absorbed and a neutral 'n,, particle is emitted per-
ceived as a neutron, although the mass of this particle
is lower than the mass of aneutronby 0.78 MeV /2.

It is especially worth mentioning the work of Kli-
mov et al. [22], in which, when creating pulsed dis-
charges in a vortex plasma reactor, particles were
detected defined in [22] as neutrons, but different
from them and termed as neutron-like. These particles
were detected as neutrons in gas proportional He-3
SPRS detectors only above certain threshold voltages
(>3.6—4.2 kV) in the reactor discharge-chamber
detectors. However, when such particles were detected
with a KRAN-1 radiometer by the detected lumines-
cence of a plastic scintillator, the shape of the optical
signal was totally different from that when calibrating this
device with neutrons. Moreover, according to [22],
fluxes of neutron-like particles did not initiate artifi-
cial radioactivity in indium samples with the forma-
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tion of metastable isomers of In-116 and In-114 with
several half-lives, as is typical of neutrons [44, 45].

The totality of all this information gives ground to

believe that it was the 'n_, particles that were fixed in
the experiments of Klimov’s group [22]. It should be

noted that, since the mass of the neutral 'n_, nuclei we
introduced is equal to the mass of the protium atom,
the detection of such a particle as a neutron in propor-
tional He-3 counters, which occurs upon the produc-
tion of a proton and a tritium nucleus, turns out to be

athreshold processwith an energy £, =19 keV. How-
ever, considering the voltage applied to the discharge
chamber of a vortex plasma reactor [22], which

exceeds the above threshold values U :, it can be
assumed that, in nonequilibrium pulsed discharges,
the kinetic energy of particles produced in process (4)
will exceed this threshold. As for the negative result in
the initiation of artificial radicactivity of indium by
fluxes of neutron-like particles, the production of a
compound In nucleus with aneutral 'n,, nucleus hav-
ing a disturbed nucleon structure obviously compli-
cates the necessary restructuring of the nuclear matter
of the compound nucleus, the relaxation of which, as
might be assurned, will be realized in a more natural
way through emission of v¥ pairs rather than y quanta,
as in the case of a well-defined nucleon structure of
excited nuclei.

It is not excluded that the creation of “n,, nuclei
was detected earlier. We mean the work [46], in which

the spectra of “lost mass” for the reaction *Li(n,p)’H
were investigated (see also Fig. 1 in [33]). Naturally,
the whole range of issues related to the detection of

metastable neutral nuclei lnisu and 211]-Su requires fur-
ther experimental study.

5. CONCLUDING REMARKS

Let us emphasize two aspects of this work, which
made it possible to realize low-energy nuclear-chemi-
cal processes of artificial radicactivity with the conver-
sion of nonradioactive impurity elements in metal
cathodes into radioactive ones under the conditions of
a hydrogen-contaimng glow-discharge plasma and,
using the ICP MS technique, to understand the causes
of the high efficiency of the effects on cathodes of
plasma flows, the characteristic energy density of
which 18 5—6 orders of magnitude lower than those
usually used in nuclear physics experiments.

(1) Finding the modes of generation of current
pulses that are abnormally high for a glow discharge,
regularly manifested locally on the cathode work sur-
face and stochastically changing theirlocalization, the
unsteady current structure of which turns out to be
highly specific for different cathode materials.

PHYSICS OF PARTICLES AND NUCLEI

(2) Introduction of the concept of the existence in
nuclear matter of nonnucleon metastable excitations
initiated by electrons of high (in terms of chemical
scales) energies and sufficiently long-lived, which
determines the existence of light neutral nuclei: [ neu-

tron 'n,, and p dineutron “n_,, which, in the absence
of Coulomb barriers, effectively participate in nuclear-
chemical processes, forming compound nuclei with
target nuclei. It should be emphasized that the masses
of these nuclei, equal to the masses of protium and
denterium atoms, respectively, as well as the decisive
role of weak interactions in structural rearrangements
and the removal of excitation of the emerging com-
pound nuclei by the URCA process: emission of neu-
trino—antineutrino pairs, determine the safety of the
manifestation of these particles in nuclear processes
[33, 34, 37].
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