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1 | INTRODUCTION

During the past three decades, the matter about possibil-
ity for existence of low-energy nuclear reactions (LENRs)
was subject to continuous discussions. One uses the
name “low-energy nuclear reaction (LENR})” in consider-
ation that the cold nuclear fusion is part of LENRs
although terminology “condensed matter nuclear sci-
ence” has more modemn use at present. The reported
results in this article pertain purely to cold nuclear fusion
synthesis of two helium isotopes *He and “He, and this
synthesis is based on interactions of deuterium gas with
metals at relatively low temperatures, that is, it is exactly
nuclear fusion reaction at relatively low temperatures. In
this article, terminology “cold nuclear fusion” as part of
LENR is used wherever nuclear synthesis of helium has
taken place, and terminology “LENR,” otherwise. Since
the time when M. Fleischmann and S. Pons reported®
their results assuming cold nuclear fusion reactions
supported by Jones et al,” many researchers carried out
experiments mainly based on electrolysis of heavy water
as the major part of the experiments confirmed the out-
comes reported in Reference 1. A minor part of the

Replicable experimental results about low-energy nuclear fusion reactions
based on initially reacting deuterium nuclei giving cold nuclear fusion synthe-
sis of helium (both isotopes *He and “He) and energy release as final products
are reported in this article. These final products are results of interaction of
deuterium with the solids in experimental system including two specimens:
molybdenum metal and palladium nanowires. Experimental proofs about cold
nuclear fusion synthesis of both *He and “He are provided. It reported a corre-
lation between concentration of the generated helium and the measured tem-
perature of the sample holder. It is found that the concentrations of both *He
and “He increase with increase of the kinetic energies of the interacting deute-
rium nuclei and also with increase of the temperature of the sample holder.

low-energy nuclear reactions, nuclear fusion, solid-state physics

researchers in this field performed experiments using
either vacuum or pressure systems. The experimental
results were published at relevant papers mainly in the
ICCF conference proceedings (ICCF—International Con-
ference on Cold Fusion} and in very rare cases in other
journals {such as®). Also, there are few journal articles
pertaining to cold nuclear fusion experiments.*”

There is significant number of attempts®'® for theo-
retical explanations of the low-energy nuclear reactions.
The purpose of this article is not to do review of the the-
ory in this field, and that is why, one will not express
opinion about these theoretical attempts and one will
only say that the theoretical outcomes of these papers do
not explain completely the observed experimental results
that are reported in this article. Even the theory devel-
oped in Reference 19 does not apply completely to the
obtained experimental results as the observed experimen-
tal outcomes, such as increase of the helium concentra-
tion with increase of either kinetic energies of the
interacting deuterium nuclei or the temperature, cannot
be explained by this theory. The above is the reason that
one developed new theory explaining cold nuclear fusion
in solids as this theory will be published separately.

Int J Energy Res. 2020;1-13.

wileyonlinelibrary.com/journal fer

2020 John Wiley & Sons Ltd | 1



: I wiLEY B eaaaN e

ALEXANDROV

Experimental results about cold nuclear fusion syn-
thesis of both helium isotopes *He and “He on basis of
interaction of deuterium nuclei with Mo metal and with
Pd nanostructures are reported in this article.
Corresponding proofs about this synthesis are provided
on basis of both mass analysis and plasma optical spec-
troscopy. The proofs are of two types—direct and indi-
rect. Dependences of the concentrations of both *He and
“He on the temperature and on the kinetic energies of
the initial interacting nuclei are provided.

2 | DESIGN OF THE
EXPERIMENTS AND TREATMENTS
OF THE OBSERVED
MEASUREMENTS

The experimental reactor consists of two chambers—
main chamber and residual gas analyzer (RGA) chamber.
Both chambers are connected by flexible pipe equipped
with gas pressure regulator maintaining the gas stream
from the main chamber into the RGA chamber. (This gas
stream is taken by RGA probe in the main chamber.)} The
main chamber is equipped with separated DC plasma
source that can produce plasma by injected deuterium-

nitrogen (D,/N} gas mixture (4.5% D, and 95.5% Nz} and
to inject this plasma in the main chamber through holes.
It has a sample holder made by stainless steel. External
spectrometer and external radiation detectors (one for
neutrons and for gamma rays and another for alpha,
beta, and gamma rays) are placed in front of a window of
the main chamber. The specific features of the entire sys-
tem (Figure 1) are:

1. The pressure of the D,/N; gas mixture in the main
chamber can be regulated in interval from few mTorr
up to 3000 mTorr. During the experiments, the pres-
sure of the deuterium-nitrogen gas mixture in the
main chamber was maintained within the interval
100 to 2500 mTorr, and the maximum gas pressure
in the RGA chamber was maintained in range ~107"
to ~107° Torr. The reason for these relatively low
pressures was precise measurements about pressures
corresponding to different gases to be done, that is,
during all the time the intention was that even small
amounts of gases to be detected.

2. The temperature of the sample holder can be mea-
sured by both the thermocouple and external pyrom-
eter (it is not shown in the scheme of Figure 1}, and
there is a heater attached to the sample holder as this
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provides opportunity for the temperature of the sam-
ple holder to be maintained in range from room tem-
perature up to 800°C. The holder is connected to the
main chamber by a thin rod in order for the impact
of the chamber on the holder temperature to be min-
imized. The temperatures below 600°C were mea-
sured by the thermocouple and those above 600°C—
by the pyrometer.

The RGA probe in the main chamber has closest
position to the specimen (~3 cm above the speci-
men} in order to measure the gasses nearby the sur-
face of the specimen.

The voltage of the DC plasma source can be
maintained in range from ~10 V up to 1500 V, pro-
viding opportunity that the kinetic energies of ions
to be changed in relatively wide range. The operation
of the plasma source was maintained in a way in
which sparking to be avoided during the experiments
involving low-temperature plasma.

. There is a hydrogen environment in the main cham-

ber caused by parasitic-injected hydrogen.

The RGA equipment for atomic and molecular mass
analysis can identify the gases and their corresponding
pressures from 1*10™""up to 1*107° Torr. (Please note,
that the pressure in the RGA chamber cannot be
greater than ~107° Torr in order for the used mass
spectroscopy equipment to operate. The real pressures
of the gasses in the main chamber section were greater,
and there was pressure reduction between both cham-
bers that are connected with a pipe and a pressure
regulator.)

The equipment for optical spectroscopy can make
measurements of spectral magnitudes in an optical
wave range from 180 up to 880 nm.

The detector PRM1703GN for neutrons and for
y-rays has range from 1 up to 99 n/s for neutrons
and range from 1 pR/hr up to 9999 pR/hr for y-rays,
and the detector RADIAC SET AN/UDR-13 for «-,
f-. and y-rays has range from 0.001 up to 1000
(in units 0.01 of Gray/hr}.

The pressures in both main and RGA chambers are
maintained by computer-controlled valves and by
turbo-pumps, and no contaminations of oil products
can be expected in both chambers.

The position of the DC plasma source is separated in
terms of the main chamber, and the connection is
through holes in the cathode of the plasma source.
The injected gas stream (either plasma or non-
plasma} flows from the plasma source to the main
chamber, and, due to this reason, gasses created in
the main chamber cannot reach the plasma source
and cannot be part of the gasses where electrical dis-
charge may take place.
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Picture of a part of the system including the loading lock,
the main chamber, and the plasma source is given in Figure 2.

The measuring apparatus were calibrated before the
beginning of each experiment.

The mass-spectroscopy measurements (Figure 3) were
done in the RGA histogram mode, which is the most accurate
mode doing average of measured values, and these measure-
ments were accepted in a way, in which they were shown. In
case of injection of nitrogen gas only, these measurements
show reasonable amounts of parasitic-injected gasses that are
typical for the environment, that is, O, O,, H,O (Figure 4), and
also they show that the amounts of both parasitic-injected *He
and “He are less than 107*° Torr in the RGA chamber that
makes both amounts to be less than 10~ Torr in the main
chamber and no impact of the parasitic injected *He and “He
can be expected, because the observed synthesized amounts of
both *He and “He are in range 107 - 107" Torr.

The mass-spectroscopy measurements must be
treated in the following way:

ENERGY RESEARCH

1. RGA score pertaining to one mass unit corresponds to
atomic hydrogen (H}

2. RGA score pertaining to two mass units corresponds
to both molecular hydrogen (H;)} and atomic deute-
rium (D}

3. RGA score pertaining to three mass units may corre-
spond to: *He, H;" ion, atomic T (tritium), and DH
{deuterium hydride}. However:

» If Hy" ion exists, then it is reasonable to expect exis-
tence of D, ion (six mass units), but there is no RGA

FIGURE 2

Picture of the part of the experimental equipment
[Colour figure can be viewed at wileyonlinelibrary.com]
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FIGURE 3 Residual gas analyzer in case of injection of N,/D.
gases [Colour figure can be viewed at wileyonlinelibrary.com]

FIGURE 4 Residual gas analyzer in case of injection of N, gas
[Colour figure can be viewed at wileyonlinelibrary.com]

score pertaining to six mass units, that is, this RGA
score does not pertain to H,' ion:

+ If atomic T exists, then it is reasonable to expect that
molecular T, to exist (six mass units}, but there is no
RGA score pertaining to six mass units, that is, this
RGA score does not pertain to atomic T. (The lack of T
also means that DT molecule—five mass units—does
not have place.};

+ If DH exists, then it is reasonable to expect that its
amount must be less than or at least equal to the

amounts of either H or H,, but the RGA score per-
taining to three mass units shows amount few times
greater than the amounts of both H and H,. From other
side, if there is synthesis of DH, then it is reasonable
that the increase of DH to cause decrease of H, or of H,
or of both, which did not happen during the experi-
ments, and the amount of H remained almost
unchanged. Both (Figures 3 and 4) show that the con-
tents of hydrogen (both atomic and molecular} and of
water are much low than the shown RGA signal per-
taining to the three mass units (Figure 3}. Due to this
reason, they cannot be considered to be some sources of
hydrogen for a possible DH because the amount of the
final product cannot be greater than the initial amounts
of the constituents. Also, there was not organic matter
on the surfaces, and the experiments were carried out
after days in which the metal surfaces of the main
chamber were exposed on vacuum in range ~107° Torr,
that is, complete degassing has been made before the
experiments. Due to the above, it cannot be concluded
that this RGA score corresponds to DH;

Conclusion: RGA score pertaining to three mass units
corresponds to *He.

Reasonable questions (Q.} and
answers (A}

corresponding

Q.: Is it possible that *He to be subject to a possible mea-
suring error in RGA?

A No. Because if it is a case, the amounts of the
neighboring scores corresponding to two mass units
and to four mass units would be affected in similar
ways due to changes in the experimental circum-
stances, but these amounts were not affected as it will
be seen below

Q.: Is it possible that *He to be injected from outside of
the main chamber?

A No. Because if it is a case, in the experiments, the
amount of *He would change in the same way like the
amounts of the injected D, D,, and N,, but it did not as it
will be seen below. As it is shown above, both Figures 3
and 4 show that a parasite injected *He does not impact
the synthesized *He.

Q.: Is it possible that *He to be product of a chemical
reaction?

A.: No. Because if it is a case, initial chemical com-
pounds containing “He must be subjected to mass-
spectroscopy detections, and they were missing.
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Conclusion: *He is a product of cold nuclear fusion
reaction in the main chamber (v, is antineutrino}.

D+ D — *He + (nuclear products) + v, + {energy) (1)

It must be noted that normally (nuclear products} in
{1} can be considered to be neutron. However, as it men-
tioned above, one developed new theory that shows dif-
ferent nuclear products. Because this theory will be
published separately, one is not going to specify the exact
content of (nuclear products} because any specification
cannot be defended without the developed theory.}

4. RGA score pertaining to four mass units corresponds
to both “He and D, (this RGA apparatus cannot dis-
tinguish both gasses.}

5. RGA score pertaining to five mass units may correspond
to: “HeH" (excited stable helium hydride molecule), DT
molecule, and D,H* stable positive ion. However:

» If DT molecule exists, then also molecular T, (six mass
units} must exist, but there is no RGA score pertaining
to six mass units, that is, this RGA score does not cor-
respond to DT molecule;

» If D,H" stable positive ion exists, then it is reasonable
to expect that D" stable positive ion to exist, but as
already it was mentioned, there is no RGA score per-
taining to six mass units, that is, this RGA score does
not correspond to D,H* stable positive ion.

Conclusion: RGA score pertaining to five mass units
corresponds to *HeH".

Reasonable question and corresponding answer: Is the
“HeH" injected from outside? No, because as it will be
seem below, “HeH" does not show behavior of an injected
gas with increase of the pressure of the main chamber
such as nitrogen, that is, it is subject to chemical reaction
in the main chamber. This behavior of “HeH" also shows
that *He is subject to creation in the main chamber, that is,
it is not injected from outside (or at least the dominating
part of “He has been synthesized in the main chamber),
otherwise (ie, if “He was injected) it would form also
“HeH" outside the main chamber, and the “HeH" amount
would increase with increase of the amounts of the
injected gasses, which did not happen in all experiments.

Conclusion: “He (or at least its dominating part) has
been created in the main chamber as product of cold
nuclear fusion reaction in the main chamber.

D + D — *He + energy (2)

The developed new theory about cold nuclear fusion
in solids explains the necessary conditions about

existence of reaction (2} and the necessary conditions
about the existence of the reaction (1}. Both types of con-
ditions cannot be described in this article because they
cannot be defended in the absence of the developed the-
ory, which will be published separately.

In the explanations above, one assumes that DH,
D,H*, and H;" can be synthesized in the main chamber,
although the required conditions about synthesis of these
molecules are different according to the literature.

3 | EXPERIMENTAL DATA ABOUT
LOW-ENERGY NUCLEAR FUSION
REACTION IN PALLADIUM
NANOWIRES

Two specimens were used in the experiments:
(a} Specimen 1 having 5.08 cm diameter—palladium
nanowires technologically formed on aluminium sub-
strate. This specimen was used for experiments at room
temperature; and (b} Specimen 2 having 5.08 cm
diameter—palladium nanowires technologically formed
on stainless steel substrate. Specimen 2 was used for
experiments at higher temperatures. The dissociation of a
hydrogen molecule into hydrogen atoms on the Pd sur-
face at room temperature is given in Reference 20, and it
shows that hydrogen atoms can penetrate into the Pd
specimen at both the room temperature and the
higher one.

3.1 | Experiments with the Specimen 1
Graphs about synthesized *He and “He as function of the
pressure in the main chamber at room temperature for
Specimen 1 are provided in Figures 5-7. The following
conclusions can be made according to the graphics:

1. The amounts of atomic H remain almost unchanged
with increase of the pressure in the main chamber,
which means the following: the atomic H is parasitic
injected; the atomic H does not react with other gasses
(including D}, and it is reasonable to conclude that
there is no chemical synthesis of DH. (In fact, the
RGA score pertaining to three mass units changes, but
the RGA score of H does not.};

2. The amounts of H,/D change in a consistent way with
the amounts of “He/D, and a reasonable conclusion
that it is due to change of atomic D, that is, there is no
reason to conclude that the H, amount changes. This
outcome and the above outcome about H indicate that
there is no reason to conclude about chemical synthe-
sis of DH;
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3. The amounts of *He change. Initially, these amounts
increase reaching maximum values and after that they
decrease. This behavior shows in addition that *He has
been synthesized in the main chamber. In fact, the
decrease is due to gas saturation of the specimen as new
increase is possible only after degassing of the specimen.
{One has developed a degassing technology that per-
forms degassing for no longer than 3 minutes.) The
degassing of the specimen is important in terms of repli-
cability of the experiment. Before the gas saturation of
the specimen, the amounts of *He are few times greater
than the amounts of both H and H,/D. Also the plasma
mode provides increase of the *He amount in compari-
son with the nonplasma mode, and this increase is con-
nected with decrease of “He/D, amount, which means
that D, is involved in the synthesis of *He according

3He & *He/D, vs. pressure (plasma, no plasma),

room temperature
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FIGURE 7
nonplasma modes [Colour figure can be viewed at
wileyonlinelibrary.com]

Mass spectroscopy about *He in both plasma and

to (1}. The increase of the *He amount in plasma mode
means that the plasma stimulates *He synthesis, which
can be explained by increase of penetration of deuterium
particles in the specimen due to increase of their kinetic
energies;

4. The amounts of “He/D, in the nonplasma mode are
greater than the corresponding amounts in the plasma
mode, and it is connected with the increase of the *He
amount in plasma mode, which means that the deute-
rium atoms participate in reaction (1). Also one
assumes that there is decrease of the amount of “He
that is subject to reaction (2} due to increase of deute-
rium amount engaged in reaction (1} as it will be con-
firmed below on a basis of “HeH".

5. The amounts of “HeH" in nonplasma mode are greater
than those in plasma mode, and it is consistent with
the conclusions in d about the amounts of “He. From
the other side, the change of “HeH" confirms the syn-
thesis of “He according to reaction (2).

3.2 | Experiments with the Specimen 2
Graphs regarding synthesized *He as a function of the
pressure in the main chamber for four different tempera-
tures of Specimen 2 are given in Figure 8 and in Figure 9.
The experiments were made in sequence as the tempera-
ture increased. The following conclusions can be done:

1. At temperature 25°C, almost there is no difference in
the *He amounts for both plasma and nonplasma
modes. In both modes, the *He amounts decrease, which
is connected with gas saturation of the specimen;
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3He {no plasma) vs. pressure
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*He versus pressure in the main chamber for four

2. At higher temperatures, the *He amounts in non-
plasma mode increase with increase of the pressure,
which is connected with partial degassing of the speci-
men with increase of the temperature. The same
amounts in plasma mode reach certain maxima and
after that decrease, which may be connected with
deeper penetration of deuterium ions in the specimen
due to increase of their kinetic energies, and, as a
result, the degassing becomes more difficult.

Similar measurements show existence of synthesized
“He, and the following conclusions can be made on the
basis of these measurements:

1. Synthesis of “He is confirmed by presence of “HeH’,
and the experimental outcomes here are the same as
those for the Specimen 1 given above about both non-
plasma and plasma modes;

2. Increase of the pressure gives increase of the “He
amounts as it is connected with partial degassing of
the specimen at higher temperatures.

However, it must be noted that presence of “HeH" in
the above experiments about both the specimen 1 and
the specimen 2 has only qualitative meaning, and it
proofs the synthesis of “He in the main chamber. The
chemical synthesis of “HeH" must be investigated further
in order for a quantitative correlation between the
amounts of both “HeH" and “He to be determined and
the released amount of “He to be found on this basis.
Because in the circumstances of the above experiments,
the released amounts of “He cannot be distinguished
from “He/D, and the impact of other factors such as tem-
perature and plasma on the synthesis of “He cannot be
determined. That is why one assumes that there was gas
saturation of the specimens, and this saturation decreases

3He {plasma) vs. pressure
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FIGURE 9 *He versus pressure in the main chamber for four
tetnperatures at plasma mode [Colour figure can be viewed at
wileyonlinelibrary.com]

the amount of the synthesized “He, however, it could not
be determined by the experimental scheme in Figure 1.

4 | EXPERIMENTAL DATA ABOUT
LOW-ENERGY NUCLEAR FUSION
REACTION IN MOLYBDENUM

(MO) METAL

Specimen of solid Mo metal having diameter 10.16 cm
was placed on the sample holder. According to Refer-
ences 21,22, dissociation of hydrogen molecule into
hydrogen atoms on the Mo metal surface has place at
room temperature (and higher temperatures) as the
hydrogen atoms penetrate by diffusion into the Mo speci-
men. Mass spectroscopy measurements were done, and
the results are provided below.

4.1 | *He and its dependences

Dependences “He versus pressure in the main chamber
are measured for plasma mode and for no plasma mode.
The measuring scheme included: degassing of the
specimen—pressure establishment—measurement at no
plasma mode—measurement at plasma mode—new
pressure establishment.... The time for performance of
the measurements after the degassing was ~5 minutes
for certain pressure, as no time for relaxation between
different pressures was considered, that is, it is possible
that residual impact of previous condition on *He genera-
tion of next condition can be expected. It was found in
the experiments that the pressure increase in the main
chamber gives increase of *He as it could be expected,
despite fluctuations appear at higher pressures and resid-
ual effects may be reason about this. Also, it was found in
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the experiments that at higher pressures, the °He
amounts in plasma mode are normally greater than the
*He amounts in no plasma mode, and it can be observed
for plasma voltages less than 100 V.

Using the above scheme, experiments were done for
plasma voltages greater than 100 V. Dependences of *He
versus pressure (100-600 mTorr} in the main chamber are
given in Figure 10 for plasma mode at 1000 V and for no
plasma mode. Graph giving the plasma power versus pres-
sure is provided as well. As it can be seen, the plasma power
impacts the *He synthesis. Also, it can be seen within a pres-
sure interval that *He synthesis at no plasma mode is
greater than this at plasma mode, and one considers that
residual effect has place. The increase of the plasma power
at fixed voltage within a pressure interval in Figure 10 is
connected with both increase of ion concentration and
increase of ion velocity. One considers that the increase of
the amount of generated *He within this interval is due to
increase of the kinetic energy of the D ions penetrating into
the Mo specimen. Similar characteristics were observed in
other experiments having wider pressure interval
(100-2000 mTorr). The graphs about *He in Figure 10 can
be divided in two parts—one part (up to ~500 mTorr})
where the plasma dominates in synthesis of *He and second
part (greater than ~500 mTorr) where the increase of the
pressure causes increase of the *He amount.

Both the minima and the maxima in Figure 10 do not
have places in the experiments excluding the plasma
mode. In this case, increase of the *He amount follows
the increase of the pressure in the main chamber.

Experiments without degassing of the specimen were
carried out as the outcomes have been used as basis for fur-
ther experiments about heat release in the specimen. In
case of no plasma mode, increase of the pressure in the
main chamber causes increase of the *He amount. The
experiments at plasma mode were carried out at pressures

‘He

plasma power at 1000V 3He, no plasma 3He, plasma
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; 800 100 -E

fC

i 500 ® g
6 'y E

=
E 400 w % =
q £%
& 200 20 23

-

(1] 0o %

0 100 200 300 400 500 &00 70O g

Pressure in the main chamber, mTorr E
FIGURE 10 *He versus pressure in the main chamber and the

plasma powet [Colour figure can be viewed at
wileyonlinelibrary.com]

for which the increase of the plasma voltage causes
increase of the plasma power and strong increase of the
*He amount was observed with increase of the plasma
power that is connected with increase of the kinetic energy
of the D ions penetrating into the Mo specimen.

The graphs in Figure 11 pertain to experiment about
*He synthesis as function of the temperature of the sample
holder externally heated. The observed initial decrease of
the *He amount is residual effect of initial degassing of the
specimen (not all values pertaining to measurements
immediately after degassing are provided, only the last
four are given). After that increase of the *He amount with
increase of the temperature can be observed.

The data provided in Figure 12 pertain to residual
*He synthesis after stopping the primary established con-
ditions (pressure, plasma voltage, and plasma power) in
the main chamber. The measurements began without
degassing of the specimen and continued until the shown
*He amount became zero. No gas flow in the main cham-
ber had place during the experiments, and the pressure
in the main chamber was ~10~* Torr, which created con-
dition about extraction of incorporated deuterium and
helium from the metal.

Based on the above, one has concluded that there
were cold nuclear fusion reactions giving synthesis of
*He in the Mo specimen, and the *He amount depends
on the pressure in the main chamber, on the plasma
power (for experiments at plasma mode} and on the tem-
perature of the specimen.

4.2 | D,/*He gases and their
dependences

Although the measuring equipment cannot distinguish
D, from “He, one considers an importance of these mea-
surements as generated “He can be part of D,/*He. The
experiments were carried out at different temperatures of

3He, 300 mTorr pressute in the main chamber
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FIGURE 12 “He residual cold
nuclear fusion synthesis versus the time
[Colour figure can be viewed at

wileyonlinelibrary.com]
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the Mo specimen in two modes—without plasma and
with plasma. The pressure of N,/D, in the main chamber
was regulated manually.

421 | Experiments without plasma

No plasma was considered for the experiments presented in
this paragraph. The pressures of D,/*He as functions of the
pressures in the main chamber for different externally
established temperatures of the sample holder are measured.
As it was reasonably expected, the pressure of D,/*He
increases with increase of the pressure of N,/D, in the main
chamber. However, it was found that both graphical depen-
dences are not parallel as the increase of the D,/*He is slower
than the increase of the pressure in the main chamber. Also,
the increase of the temperature of the specimen was done
subsequently without degassing of the specimen before each
temperature, and it was found experimentally that the total
amount of D,/*He decreases in the time.

422 | Experiments with plasma

The experiments with plasma for externally established
temperature of the sample holder were carried out at
voltage 800 V as the plasma power varied in range 230 to
500 W depending on the pressure in the main chamber.
All experiments show increase of the D,/*He amount
with increase of the pressure in the main chamber. How-
ever, it is difficult that the impact of the plasma on the
D,/*He amount to be estimated.

43 | “HeH gas in the system

Dependences of the “HeH" gas on the times of the day
and on the pressure in the main chamber

3He, residual synthesis

After plasma at 100 mTarr,
1000V, 395W

After plasma at 300 mTorr,
1000V, 700W

After no plasma, 300 mTorr

After plasma at 600 mTorr,
1000V, 500W
400 600 200

Time, seconds

1000

(150-1100 mTorr} for four different temperatures (room
temperature, 190°C, 377°C, and 657°C} of the sample
holder were determined experimentally. The following
conclusions can be made on basis of these measurements:
(a) There are cyclic dependence of the amount of “HeH"
gas on the time including maxima and minima and (b} it
cannot be made a conclusion that the pressure of “HeH"
gas depends on the pressure in the main chamber.

Based on the above, one has made conclusion that
the pressure of the “HeH" gas depends on the time, and
the impact of other parameters is minor. Also one has
made conclusion that the generation of “HeH" gas is con-
nected with the generation of “He in the system and the
graphics in Figure 13 (for pressure in the main chamber
200 mTorr and room temperature} confirm it as the
change of “HeH" follows almost exactly the change of
D,/*He.

44 | Temperature of the Mo specimen
and both D,/*He and *He vs the time

Measurements of both the temperature of the Mo speci-
men and the change of concentration of D,/*He versus
the time were performed. The same measurements were
performed for *He. For the first experiment, the pressure
in the main chamber was maintained to be 200 mTorr,
and the same pressure for the second experiment was
1200 mTorr. No additional heating and no plasma were
considered during the experiments. Both performed
experiments had duration ~120 minutes. The graphical
dependences of both D,/*He and the temperature are
given in Figure 14 and the dependences of *He and tem-
perature in Figure 15.

Comparison of the graphics in Figure 14 shows that there
are changes vs the time, and that some correlation regarding
the changes can be found as the cyclic behavior of both
graphics can be determined. The *He graphic in Figure 15
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accommodates only part of the data in order for suitable scal-
ing to be used, but in fact, the amount of the 3He decreases
after significant initial value following the degassing of the
specimen as it was mentioned above. The graphics in
Figure 15 show cvclic behavior correlation between both
graphics. The released heat is determined on the basis that
the temperature increases with 3°C during certain time inter-
val, and the corresponding net energy released in the sample
holder is 384.15229776 J for this time interval.

One can consider that synthesis of He (both “He and
*He as it was shown above) in the specimen occurs, and it
causes generation of heat. However, the maxima of D,/*He
and of *He decrease in the time and one explains this fact
with incorporation of “He and of *He atoms in the Mo crys-
tal lattice followed by local saturation and as result the syn-
thesis of He decreases. Also, according to the experimental
data, the temperature increases and one considers that it is
connected with generation of He giving local release of sig-
nificant energy that causes local destroving in the Mo

the day [Colour figure can be viewed at wileyonlinelibrary.com]

crystal lattice. Recovery and reestablishment of the Mo crys-
tal lattice is connected with decrease of He generation (and
decrease of the local energy release}. Reestablishment of the
lattice leads to further increase of He generation and
increase of released energy that causes further increase of
the temperature. (It must be noted that the above recovery
of the crystal lattice is partial and pertains only to the
regions where the lattice has been destroyed due to cold
nuclear fusion reaction. This recovery can happen at room
temperature as no significant energy is required for the
annealing process.)

The incorporation of deuterons in the Mo specimen is
governed by the Fick's law of diffusion as clear diffusion
from unlimited source took place. Due to this reason, it is
not possible that a cyclic change of the temperature to
take place if a reason for the heat release is absorption of
deuterium in the Mo specimen as in this way the absorp-
tion of deuterium must be cyclic, which is in disagree-
ment with the Fick's law of diffusion. And something
else was observed in the cold nuclear fusion experiments
that the heat release is in time phase with the amount of
released >He, that is, if the *He amount increases, the
temperature increases and vice versa. Due to this reason
and according to the above about cold nuclear fusion syn-
thesis of *He, it is considered that cold nuclear fusion ori-
gin of the heat release is the only reasonable explanation.
Also, this explanation corresponds to the partial
annealing recovery of the crystal lattice that was men-
tioned above.

5 | PLASMA OPTICAL SPECTRA

Optical spectra measurements of both plasma of nitrogen-
deuterium mixture including nuclear-synthesized He gas
and plasma of pure He gas only were performed for
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pressures in range 100 to 1200 mTorr in the main chamber
for different anode-cathode voltages varving in range 50 to
1000 V. These optical measurements were carried out for
all types of specimens described above. The experimental
results are the same for all experiments in terms of spectral
positions of the spectral peaks as only the difference con-
sists in the magnitudes of these peaks and that is why only
one representative optical measurement for the Mo speci-
men is presented in the article.

The results for pressure 275 mTorr and voltage 800 V
for plasma of nitrogen-deuterium mixture (including cold
nuclear fusion synthesized He) are provided in Figure 16.
The peaks—at 357.02, 390.18, 427.71, 501.23, and
667.81 nm—corresponding to He in the plasma of the
nitrogen-deuterium gas mixture (including synthesized He}
are given, and they are compared by alignment with peaks
of pure He plasma at 1000 V. It can be seen in Figure 16 that
some of the spectral peaks typical for the pure He plasma
are no presented in the plasma of deuterium-nitrogen gas
mixture containing synthesized He. This fact is an impor-
tant additional proof(additional to the reported above mass
spectroscopy measurements) about cold nuclear fusion syn-
thesis of He, due to the following reasons: (a} As it can be
seen from the experimental scheme of Figure 1, the plasma
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source is external in terms of the main chamber, and both
apparatus are connected via a hollow cathode; (b) The elec-
trical plasma discharge takes place only in the plasma
source and affects only the gasses having place in the cham-
ber of the plasma source because the gas stream has direc-
tion from the plasma source into the main chamber, and
there is no way that gasses generated in the main chamber
to reach the plasma source and to be affected by the electri-
cal plasma discharge; (¢} Due to (a} and (b} the excited parti-
cles from the plasma source, which are injected into the
main chamber, cause secondary excitation of the gasses in
the main chamber, and these new excited gasses have
corresponding contributions to the optical plasma spectrum
that can be measured through the window of the main
chamber according to the Figure 1. In fact, in the circum-
stances of the above reported experiments, the excited parti-
cles of the deuterium-nitrogen plasma from the plasma
source were injected into the main chamber and caused a
secondary excitation for the He gas, which has been synthe-
sized by cold nuclear fusion reaction in the main chamber.
The secondary excited He gas made contributions to the
optical spectrum only in certain optical spectral lines
corresponding to the secondary excitations. Thus, the lack
of some optical spectral lines of the pure He in the optical
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Peaks overlap in both He plasma only and D/N (including generated He} plasma [Colour figure can be viewed at
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spectrum of the deuterium-nitrogen plasma containing syn-
thesized He can be considered as a proof that this He has
been synthesized in the main chamber and that He has not
been injected. There is only one way He to be synthesized
in the main chamber—He is a product of cold nuclear
fusion reaction of deuterium in its interaction with the
metal specimen.

6 | MEASUREMENT OF
RADIOACTIVITY DURING THE
EXPERIMENTS

According to the experimental scheme of Figure 1, mea-
surement of radicactivity was made during all experi-
ments, and no radioactivity above the normal background
was measured. No neutron radiation above the normal
background was observed as it could be due to: (a) Low
amounts of gases used in the experiments and relatively
high thresholds of the used equipment for radiation mea-
surements and/or (b} the energy of the released neutron
has been low and the neutrons have not left the main
chamber or even they have not left the specimens at all
and/or (¢} there is no neutron emission in the experiments
carried out. However, one considers that the matter about
the radiation has to be investigated in addition with more
precise measuring equipment.

7 | HEAT RELEASE DURING THE
EXPERIMENTS

Measurements of the temperature of the sample holder
were made during the experiments carried out without
additional heating. It was a relatively significant
change of the temperature for the Mo specimen, and it
was shown above. Also, cyclic change (in nonplasma
mode} in the time was found as it was reported above.
Changes in the temperatures of the sample holder were
observed in experiments with the other specimens;
however, they were not very well expressed as those for
the Mo specimen, mainly due to their relatively low
volumes.

8 | INVESTIGATION OF OTHER
MATERIALS FORLOW-ENERGY
NUCLEAR FUSION REACTIONS

Also, one investigated specimens of other materials in
terms of release of both synthesized *He and synthesized
“He. The investigated specimens were metals gallium
(Ga) and aluminum (Al}. No release of both *He and “He

was detected according to the above defined criteria for
both mass-spectroscopy and optical spectroscopy.

9 | CONCLUSIONS

Experimental evidences about low-energy nuclear fusion
reactions in Pd nanowires and in Mo solid metal are pro-
vided in this article. The evidences consider release of both
synthesized “He and synthesized *He in interaction of deu-
terium gas with the above materials. The provided ewvi-
dence about release of helium gas in these interactions are
two types—mass spectroscopy and optical spectroscopy
data. In addition, heat release in Mo specimen is reported
as outcome of low-energy nuclear fusion reaction. It is
determined that the released amount of the synthesized
*He increases with increase of both the temperature of the
specimen and the kinetic energy of the deuterium parti-
cles. No radiation in terms of both neutron emission and
gamma ray emission was measured in the experiments.
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