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Abstract. The article is a review of  the experimental results obtained by the authors over the past 
8 years on the synthesis of  chemical elements in gases compressed up to 3 kbar with its long (up 
to tens of  hours) gamma irradiation in the presence of  cylindrical samples of  metallic palladium. 
The chambers were irradiated by braking gamma rays with a maximum energy of  10 MeV at 
the electron accelerator of  the Joint Institute for Nuclear Research in Dubna (Moscow region). 
In addition to palladium, the reaction chamber contained other structural details made of  brass 
or copper, beryllium bronze and manganin foil. Experiments were carried out with palladium in 
deuterium, with palladium and tin in hydrogen, with palladium in helium. In all experiments, 
after irradiation, numerous solid-state microstructures of  various sizes (up to 1 mm) and shapes 
were found on the surfaces of  the chamber's parts, as well as on the surface of  the palladium. 
X-ray micro-probe analysis of  these structures showed the presence of  a wide range of  chemical 
elements (from carbon to lead), which were absent in the reaction chamber prior to irradiating. 
The article presents numerous quantitative histograms of  concentrations of  the elements 
found. Preliminary hypotheses are proposed for the synthesis of  chemical elements under the 
experimental conditions.
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1. INTRODUCTION
The phenomenon of  synthesis of  chemical 
elements and solid-state structures in a medium of  
condensed gases under the action of  gamma quanta 
was discovered by A.Yu.Didyk and R.Wiśniewski. 
The first experiment was carried out in 2011 with 
a palladium sample (Pd) in the form of  a cylinder 
placed in a chamber with a deuterium pressure of  3 
kbar [1-3]. At pressures of  0.5–3 kbar, the density of  
gas atoms is comparable with the density of  atoms in 
the solid and liquids. Therefore, the term condensed 
gas is used. Irradiation by braking gamma-quanta was 
carried out during 6 hours at the MT-25 microtron [4] 
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with an electron energy of  9.3 MeV and an average 
electron current of  7 μA (~ 4.4·1013 s–1).

The motivation for setting up such an experiment 
was two competing ideas in how to produce energy: 
the thermonuclear fusion reaction and the cold 
nuclear fusion reaction (CF).

To carry out thermonuclear fusion reactions 
in the planned experiment, an approach was 
proposed basing on the photodisintegration of  
deuterons in condensed deuterium under the 
action of  gamma quanta with energies up to 
10 MeV. In each deuteron photodecay event, a 
neutron and a proton are formed with energies 
determined by the reaction kinematics. The 
binding energy of  the deuteron is 2.224 MeV. 
With the elastic interaction of  photo-neutrons 
and photo-protons with gas deuterons, the latter 
acquire the energy > 40 keV, sufficient to launch 
thermonuclear reactions through the channels: 
d + d → 3He + n + 3.26 MeV and d + d → 
t + p + 4.03 MeV. The resulting products of  
thermonuclear reactions, in their turn, give a part 
of  their energy to the deuterons, and they again 
enter into thermonuclear fusion reaction. It was 
expected that under the action of  gamma rays 
in deuterium, thermonuclear energy would be 
produced, sufficient to heat the reaction chamber 
to a high temperature.

The effect of  heating the reaction chamber was 
also expected in the case of  the implementation 
of  cold fusion reactions [5]. Therefore, palladium 
was placed in the reaction chamber. It is known 
from literature [6] that the intensity of  the 
reactions of  CF enhances with the growing 
number of  deuterium atoms per palladium atom. 
It was proposed to increase the concentration 
of  deuterium in palladium with the help of  the 
high gas pressure and its irradiation with braking 
gamma quanta. Moreover, the author of  this 
article R.Wiśniewski registered an unexpected 
strong explosion of  the high-pressure chamber 
while saturating the palladium powder with 
gaseous deuterium at a pressure of  about 22 kbar 
(private communication).

The use of  intense gamma-ray fluxes turns out 
to be the most suitable method for photodecay and 
ionization of  deuterium due to their high penetrating 
power through the thick walls of  the high-pressure 

reaction chamber. Other radiation emissions do not 
possess such penetrating ability.

During the first and subsequent irradiations, 
there was no critical increase of  the temperature 
or pressure in the reaction chamber. However, 
after irradiation unusual solid-state structures and 
“extraneous” chemical elements were found in the 
chamber, which were absent before the start of  
the experiment. The following elements were thus 
registered: Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti, V, Cr, 
Fe, Nb, Ru, Ag, La, W, Pt, Pb. Later, an experiment 
was carried out at a deuterium pressure of  1.2 kbar 
[7–10].

Similar studies were performed with samples 
of  other metals and alloys: Al, V, Cu, Sn, Re, YMn2, 
in the form of  cylinders and wires. The samples 
were in the atmosphere of  gaseous deuterium 
at a pressure of  hundreds, thousands of  bars, 
and were irradiated with braking radiation with 
the Emax = 10 MeV and Emax = 23 MeV [11–15]. 
Positive results on the synthesis of  new structures 
and “extraneous” elements in the deuterium 
atmosphere led to similar studies with palladium 
[16-18] and tin [19-21] cylinders in condensed 
hydrogen and with a palladium cylinder [22, 23] 
in condensed helium. The same studies were 
carried out in chambers with condensed pure 
gases: hydrogen [24–26], deuterium [27], helium 
[28–31] and xenon [32–36] when irradiated by 
γ-rays with energies up to the Emax = 10 MeV. 
Experimental reviews in the H2, D2, He and Xe 
gases are presented in [37–39].

In this article, we present the processed and 
presented in an illustrative graphical form main 
results of  the experiments on the synthesis 
of  “extraneous” elements when irradiating 
palladium samples with the Emax = 10 MeV by 
braking gamma-rays in condensed deuterium with 
a pressure of  1.2 and 3 kbar, in hydrogen with a 
pressure of  0.5 and 2.5 kbar, and in helium with 
a pressure of  2.4 kbar. Here, for comparison, the 
results of  experiments on the irradiation of  pure 
gases without metal samples inside the reaction 
chambers are presented.

In this paper, the experiments were carried 
out and results discussed were obtained with the 
ideological organizational guidance and most active 
participation of  A.Yu.Didyk to whom this article is 
dedicated.
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2. RECEIVING BRAKING GAMMA 
RADIATION

As a source of  braking gamma radiation the 
electron accelerator microtron MT-25 of  the Flerov 
Laboratory of  Nuclear Reactions at JINR. The 
acceleration of  electrons occurs in a pulsed mode with 
a pulse duration of  2.5 µs and a repetition frequency 
of  400 Hz. The design of  the microtron allows one 
to receive electron beams with energies from 5 to 24 
MeV. The maximum current of  the electron beam at 
the target is 25 μA (1.56·1014 s-1). After acceleration, 
an electron beam of  Ø 6–7 mm is released into the 
atmosphere through a 70 μm titanium foil (1, Fig. 1), 
upon which irradiation takes place. In experiments, 
both the electron beam and radiations produced by 
convectors can be used: braking gamma radiation 
intensity of  1014/s, fast neutrons with an intensity of  
1012/s, thermal neutrons with a flux density of  109/
s∙cm2, resonant neutrons with a flux density of  8∙107 

/s∙cm2.
To obtain the braking gamma-rays, electrons 

bombard a tungsten converter − a disk with a 
thickness of  1 to 3.8 mm and Ø40 mm (3, Fig. 1). 
The electron beam enters the converter, passing 
through the diaphragm with a hole of  Ø12 mm (2, 
Fig. 1) and a thickness of  18 mm. The converter 
is fixed in a holder with the help of  an aluminum 
cylinder with a thickness of  8-25 mm, which also 
serves to absorb low-energy electrons (4, Fig. 1). The 
diaphragm and the holder of  the converter with an 
aluminum absorber are cooled with running distilled 
water. In the process of  irradiation, the electron 
current on the Al-absorber and on the diaphragm is 
controlled. In all experiments, a tungsten converter 
with a thickness of  2.8 mm and an electron absorber 
– 25 mm were used.

The gamma quanta beam divergence at half-
height of  intensity is horizontally 10º±1º (Fig. 2, 
curve 1) and 8º±1º along the vertical (Fig. 2, curve 2). 
The difference in half  widths in the horizontal and 
vertical planes is explained by the different angular 
divergence of  the electron beam in these planes. 
Experimentally, the divergence was determined by 
the method of  activating targets: uranium with a 
threshold of  6 MeV and nickel with a threshold of  
12.2 MeV, completely covering the braking radiation 
beam. In both cases, the angular distribution is 
approximated with good accuracy by the Lorentz 
distribution. The values obtained in the experiment 
are in good agreement with the calculation of  the 
angular distribution of  braking using the Giant 
package, which predicts an angular divergence of  the 
beam of  9.9 degrees, and the authors of  [40].

Fig. 3 shows the calculated energy spectrum of  
braking radiation emitted in a 10° cone for electrons 
with energies of  10, 14, 18, and 22 MeV on a 3 mm 
thick tungsten convector [41]. The intensities of  
gamma quanta from 1 MeV to the Emax for these 

Fig. 1. Extraction of  the electron beam from the electron 
guide and its convertion into a beam of  gamma quanta.
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Fig. 2. The gamma-quanta beam divergence.

Fig. 3. A gamma-quanta spectrum for electron energies of  
10, 14, 18 and 22 MeV.
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electron energies, normalized to the intensity at 
E = 10 MeV, correspond 1: 4.52: 13.24: 32.13. For 
the range of  gamma quanta from 1 to 10 MeV, the 
intensities correspond to 1: 4.50: 13.04: 31.03.

3. THE METHODS OF THE 
EXPERIMENTS
The irradiation of  palladium samples in a medium 
of  condensed gases was carried out using a braking 
gamma-quantum with the Emax = 10 MeV. The energy 
range of  gamma quanta (<10 MeV) lies below the 
characteristic excitation energies in the atomic nuclei 
of  a giant dipole resonance. This avoids the activation 
of  the structural materials of  the reaction chambers. 
The decay of  a giant dipole resonance occurs mainly 
with the emission of  a proton or a neutron, often 
followed by the formation of  radioactive isotopes. 
In the experiments, the chamber shown in Fig. 4 was 
used. Each experiment used its own chamber. The 
inner diameter of  the chambers was 4 mm, the length 
was 21 mm, the volume was 0.264 cm3. The palladium 
samples (9, Fig. 4) with a diameter of  3.8–3.9 mm 
and a length of  4–5.5 mm (of  volume 0.045–0.065 
cm3) had a purity of  ~99.995%. The atomic mass 
of  Pd is 106.42; the density of  palladium is 12.02 
g/cm3. The maximum concentrations of  impurities 
(10-6 mass in ppm) in palladium are as follows: Ca, 
Zn, Ag < 3; Mg, Mn, Ni, Pb, Bi < 5; Si, As, Sn, Sb, 
Ru, Rh, Ir, Pt < 10; Cu(12), Al(15), Fe(19), Au(48). In 
the experiments, brass (Zn+Cu) or copper (Cu) with 
a purity of  99.99% was used as sleeves (8, Fig. 4) 
and collectors (12, Fig. 4). The composition of  the 
brass sleeves and the collectors measured by x-ray 
micro-probe analysis included: Cu − 59.61 and Zn 
− 40.39 (at.%). The pressure in the chambers varied 
from 0.5 to 3 kbar. Table 1 presents the parameters 
of  exposure.

After irradiation, the gas was released into the 
atmosphere and the chamber was opened. In all 
experiments, after the end of  irradiation new objects 

were found in the reaction chambers: microparticles 
with the size from 0.5 μm to 1 mm, and anomalous 
solid-state structures were observed on the walls 
of  the reaction chambers and on the surface of  
the palladium cylinder. Solid-state structures were: 
crystalline, amorphous and spherical structures; 
ring-shaped, filamentery and tubular formations; 
loose and hard inclusions and influx on the surfaces 
of  the reaction chamber parts. Using the methods 
of  scanning electron microscopy (SEM) and x-ray 
micro-probe analysis (XRMPA), the elemental 
compositions of  the chamber parts were investigated: 
on the inner surfaces of  the entrance window made 
of  beryllium bronze (Cu0.92Be0.08) (4, Fig. 4), at the 
sleeves and collectors, at the Cu84Mn14Ni2 manganine 
foils (10, Fig. 4), as well as at the anomalous structures 
and microparticles formed as a result of  irradiation 
of  the palladium cylinder surface and the chamber 
inner surfaces.

In most of  the objects, when they were studied 
using the SEM and XRMPA methods, “extraneous” 
chemical elements, which were absent in the 
reaction chambers before the onset of  irradiation, 
were detected. For each object selected for the 
study: microparticles or a solid-state structure, 
several measurements of  XRMPA were carried 
out in different regions of  their surface. Each 
such measurement corresponded to its own set 
of  chemical elements with its own concentration. 
The total number of  XRMPA measurements for 
a particular experiment was several dozens. When 
processing the data, we first obtained averaged 
concentrations of  chemical elements separately for 
each part of  the reaction chamber in contact with 
the condensed gas. Taking into account the entire 
set of  data obtained by the XRMPA method, it 

Table 1
Parameters of the experiments.

Chamber D1 D2 H1 H2 He
Electron energy, MeV 9.3 10 10.3 9.7 10

Exposure time, hours 6 18 7 14 96

Average current, mA
Electron flux, 1013c-1

7
4.4

12
7.5

2.5
1.6

20.5
12.8

20.5
12.8

Integral charge, C 0.15 0.78 0.14 1.03 7.1

Pressure, kbar 3 1.2 2.5 0.5 2.4

Atomic density, 1022at/cm3 5.2 2.95 9.12 1.82 2.23

Weight density, g/cm3 0.155 0.088 0.154 0.0307 0.15

Ø Pd-cylinder, mm 3.8×5 3.8×5.5 3.8×5 3.8×5 3.9×5

Material of sleeve and collector Zn+Cu Zn+Cu Zn+Cu Zn+Cu Cu

References 1-3 7-10 16 17-18 22-23

Fig. 4. The high pressure gas chamber with a palladium 
sample.
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can be argued that there is no significant difference 
in the distribution of  chemical elements for the 
input window, sleeve, collector, manganin foil, and 
the particles. In this article, we also present in the 
form of  histograms the concentrations of  chemical 
elements averaged over all measurements performed 
for this experiment.

SEM and XRMPA studies were conducted 
at three independent certified laboratories: at 
the analytical center of  the D.V. Skobeltsyn INP, 
Lomonosov MSU; at the Research Institute of  
Advanced Materials and Technologies, and at 
the Fiber Optics Research Center of  the Russian 
Academy of  Sciences. The energy of  the electron 
beam exciting the x-rays ranged from 10 to 20 keV. 
The penetration depth of  the electron beam was 
1-2 μm. The measurements were carried out using 
two modes: “at a point” and “over the area”. For 
the mode “at the point”, the measurement area was 
~ 1–4 μm2. For the “area” mode, the measurement 
area was more than 20×20 µm2.

We note several important points in our SEM 
and XRMPA studies:

- the program for proccessing spectra obtained 
using XRMPA selects the lines only of  those elements 
which exceed no less than thrice the measurement 
error;

- the program calculates the estimated element 
concentrations in weight and atomic percent if  the 
spectrum contains the main characteristic x-ray lines 
of  this element;

- the concentrations of  “extraneous” elements in 
the objects given in the article are not quantitative but 
qualitative. The choice of  objects for measurement 
was purely subjective. As a rule, the most appealing, 
bright and light objects with the presence of  elements 
of  large atomic numbers were measured;

- microparticles and structures located on the 
surfaces of  collectors, inserts and sleeves were 
selected as objects for measurements. Analysis of  
the element compositions at the surfaces of  the 
palladium cylinder was made as well;

- for reliable spectra proccessing, a set of  
considerable amount of  statistical data are required, 
which was not always done in our measurements;

- the dimensions of  the studied structures 
were far greater than the regions of  excitation and 
emission of  characteristic x-radiation. Therefore 
the measurements done cannot correspond to the 

element concentration in the entire volume of  the 
measured objects;

- during the measurements of  the objects at the 
points with local concentrations of  “extraneous” 
chemical elements could amount to several tens 
percent. Besides, such measurements have certain 
restrictions relating to spatial resolutions of  the 
equipment used.

4. THE EXPERIMENTS WITH 
PALLADIUM IN DEUTERIUM
In the very first experiment, after irradiating a 
sample of  palladium at a deuterium pressure of  3 
kbar, when the chamber D1 was opened (Table 1), 
a synthesized blue object was detected on the brass 
collector 5 mm in diameter, (Fig. 5a) and (Fig. 5b). 
The object was shaped like a “volcano with a crater” 
with smooth walls. At the top of  the “crater”, frozen 
drops were observed, and at its bottom, various 
structures in the form of  plates (Fig. 6a) and 
crystalline formations (Fig. 6b). Here and hereinafter, 
the widths of  photographs are given in brackets. 
The synthesized object had dielectric properties. 
For SEM and XRMPA, this required deposition of  
a gold layer of  Au ~0.1 μm. The x-ray micro-probe 
analysis revealed “extraneous” chemical elements 
in the object which had been absent in the reaction 

Fig. 5. Photos of  the synthesized sample: a) at the brass 
collector; b) enlarged image.

                      a                                        b

                      a                                        b
Fig. 6. The SEM images of  the structures found at the 
bottom of  the “crater”:a) in the form of  plates a (the photo 
width is 60 μm) and b) the crystalline formations (the photo 

width is 150 μm).
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chamber before the start of  the experiment. Fig. 7 
shows the concentrations of  chemical elements 
in the synthesized sample, averaged over 12 
measurements, which were carried out both on its 
surface and in the various structures found inside the 
crater. It is noteworthy that the synthesized object 
mainly consists of  carbon, oxygen and titanium. 
Subsequent x-ray diffraction analysis showed that 
titanium is present in the synthesized object in the 
form of  dioxide (TiO2).

The irradiated Pd-cylinder has undergone 
significant changes. The SEM images of  the original 
and irradiated surfaces of  the Pd-cylinder are 
shown in Fig. 8a,b. The surface of  the Pd-cylinder, 
especially close to the synthesized object, turned 
from smooth into non-uniform, consisting of  
individual clusters, with a lot of  cracks in the surface 
and, moreover, with a modified composition of  the 
chemical elements. Fig. 9 presents atomic percent 
concentrations of  chemical elements averaged over 
12 XRMPA measurements of  the palladium cylinder 
surface.

The changes affected the surface structure and the 
content of  chemical elements, both at the entrance 
window (4, Fig. 4), made of  beryllium bronze, and 

at the brass sleeve (8, Fig. 4). Fig. 10 shows the 
concentrations of  chemical elements at the entrance 
window, averaged over 5 measurements, and for the 
brass sleeve, averaged over 10 measurements.

Fig. 11 gives the concentrations of  chemical 
elements averaged over all 39 measurements. Thus, 
the following chemical elements were registered in 
the reaction chamber: C, O, Na, Mg, Al, Si, P, S, Cl, 
K, Ca, Ti, V, Cr, Fe, Nb, Ru , Ag, La, W, Pt, Pb.

For comparison, Fig. 12 shows the averaged 
concentrations of  chemical elements obtained in an 
experiment on irradiating a chamber with deuterium 
at a pressure of  2.2 kbar without a Pd-cylinder 
inside it [27]. Averaging was carried out over 42 
measurements performed for the structures of  the 
entrance window, the sleeve, the collector, and the 
synthesized microparticles. The internal dimensions 
of  the chamber filled with deuterium were: length 
- 15 mm, diameter - 8 mm, volume - 0.75 cm3. The 
sleeve and the collector were made of  pure copper, 
99.99%. The irradiation was carried out during 49 

Fig. 8. SEM images of  the Pd-cylinder surfaces: a) before 
the irradiation and b) after the irradiation.

Fig. 10. The concentrations of  chemical elements at the 
surface of  the "entrance window” and the sleeve.

Fig. 7. The concentrations of  chemical elements in the 
synthesized sample (12 measurements).

Fig. 9. The concentrations of  chemical elements at the Pd-
cylinder (12 measurements).
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hours. The electron beam energy was 10 MeV. The 
current of  the electrons was (1.2-1.3)·1014 s-1.

The experiment described above was repeated 
(D2, Tab. 1), but with a deuterium pressure of  1.2 
kbar and an irradiation duration of  18 hours. The 
most impressive result of  this experiment was 
the detection of  a 82Pb layer covering all the inner 
surfaces of  the reaction chamber and microparticles 
up to 50 microns in size, consisting mainly of  
lead. Fig. 13 presents averaged concentrations 
of  chemical elements in atomic percentage from 
the 44th XRMPA measurements of  the palladium 
cylinder surface. Without palladium, the weight 
concentration of  lead is ~ 36%, oxygen ~ 29%.

Fig. 14 shows SEM images of  one of  the 
characteristic elliptically-shaped formations with 
a size of  17×22 μm (Fig. 14a) and individual lead 
microparticles (Fig. 14b) found on the surface of  the 
brass collector. The lead concentration over the area 
of  5.3×6.3 µm, noted as “spectrum 1” (Fig. 14a), 

is 21.3 wt.%. Lead concentrations, measured at 
points 1 and 2 (Fig. 14b), are 65.1 and 10.9 wt.%, 
respectively. Lead was not detected at point 3. It 
contains: copper-62.9 and zinc-37.1 wt.%. Table 2 
shows the concentrations of  chemical elements 
averaged over 15 measurements made for different 
microparticles, and 8 measurements made at points 
or from the area next to the microparticles. The lead 
concentration in the microparticles varied from 31.5 
to 71.9 wt.%, and in the areas near the microparticles, 
from 0 to 10.9 wt.%. In five measurements out of  23 
(15 + 8), 14Si, 20Ca, 26Fe were registered. Subsequent 
studies carried out by the method of  secondary 
mass-ion spectroscopy showed that the isotopic 
composition of  the synthesized lead does not differ 
from the natural composition within the limits of  
measurement errors [40]. In the same studies, lines 
corresponding to the masses of  protactinium (231Pa) 
and curium (246Cm) were recorded in the mass 
spectrum.

The initial weight of  the Pd-cylinder was 
0.7509 g. After irradiation, its weight decreased by 
0.03245 g, which is 4.3%. The authors of  [9] believe 
that the decrease in the weight of  the Pd sample is 
mainly due to the formation of  lead: 32450 μg 36% 
= 11682 μg or 3.4∙1019 Pb atoms. The impurity of  

Fig. 12. The average concentrations of  chemical elements over 
42 measurements.

Fig. 14. SEM images: a) an elliptical formation consisting 
of  lead microparticles; b) lead microparticles.

Fig. 11. The concentrations of  chemical elements (39 
measurements).

Fig. 13. The concentrations of  chemical elements at the Pd-
cylinder (44 measurements).
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Pb in the palladium sample before irradiation was 
< 5 ppm or < 3.7 μg. The number of  γ-quanta with 
energy from 1 to 10 MeV at the entrance to the 
internal volume of  the reaction chamber during the 
entire irradiation period is estimated as ~1.2∙1017, 
which << 3.4∙1019 Pb atoms. From this we can 
conclude that gamma quanta stimulate the launch of  
other energy processes leading to the synthesis of  
“extraneous” chemical elements.

Studies of  the chemical composition of  the 
synthesized structures on the surfaces of  the brass 
collector (25 measurements), the entrance window 
(6 measurements), sleeve (17 measurements) and 
manganin foil (10 measurements) showed the 
presence of  “extraneous” chemical elements in them. 
A feature of  these measurements was the detection 
of  a large amount of  silver (Ag) in the structures and 
microparticles, up to 98.4% of  their weight. Fig. 15 
shows the concentrations of  chemical elements 
averaged over these 58 measurements.

Fig. 16 shows the concentrations of  chemical 
elements averaged over all 102 measurements. The 
following elements which were previously absent in 
the reaction chamber were recorded at the surfaces 
of  the chamber, Pd cylinder, and microparticles: 6C, 

8O, 11Na, 12Mg, 13Al, 14Si, 16S, 17Cl, 19K, 20Ca, 22Ti, 24Cr, 
26Fe, 27Co, 31Ga, 35Br, 45Rh, 47Ag, 78Pt, 79Au, and 82Pb.

5. THE EXPERIMENTS WITH 
PALLADIUM AND TIN IN HYDROGEN
In the experiment with a pressure of  2.5 kbar (H1, 
Tab. 1), chamber H1 was located at a distance of  
5 mm from the electron absorber − 25 mm. After 
irradiation with gamma quanta, the chamber was 
irradiated for 12 minutes with electrons at a current 
of  (1.55-2.1)∙1013 s-1. After that, the pressure in the 
chamber decreased by 80 bar.

In both experiments with a hydrogen pressure of  
0.5 kbar (H2, Tab. 1) and 2.5 kbar after the end of  
the irradiation, newly formed structures were found 
in the reaction chambers. The side and end surfaces 
of  the Pd-cylinders had significantly changed: they 
had cracks, craters and microparticles. Fig. 17 shows 
SEM images of  the two cracks. Inside and along the 
edges of  these formations and also, on the surfaces 
of  the Pd-cylinders, “extraneous” chemical elements 
were discovered which were formed as a result of  
irradiation. Fig. 18 presents the averaged over 15 
measurements concentrations of  the synthesized 
chemical elements found on the Pd cylinder at 

Table 2
Averaged concentrations of chemical elements for the 
microparticles and at the surface of the brass collector.

Element C O Cu Zn Pb %

Microparticles,
15 meas.

9.88 15.78 9.91 7.88 56.27 weight.

34.92 41.81 6.63 5.12 11.52 atom

Brass surface,
8 meas.

14.6 6.76 43.12 27.0 8.53 weight.

43.92 15.24 24.48 14.9 1.47 atom
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the pressure P = 2.5 kbar, excluding palladium. 
Measurements are made on the areas from 16 to 
5600 μm2. Fig. 19 shows a comparison of  the 
average element concentrations for the Pd-cylinders 
measured in the experiments with the hydrogen 
pressure 0.5 and 2.5 kbar. For the experiment 
performed at the pressure P = 0.5 kbar, the element 
concentrations averaged over 6 measurements of  
different objects made “at points” are given [17].

Fig. 20 shows a comparison of  the average 
element concentrations measured in the 
microstructures found at the entrance windows, brass 
collectors and microparticles in the experiments 
with the hydrogen pressure 0.5 and 2.5 kbar. For 
the experiment at the pressure P = 2.5 kbar, the 
averaging was performed over 4 measurements. For 
the experiment performed at the pressure P = 0.5 
kbar, the element concentrations are averaged over 
15 measurements of  different objects. Along with 
light chemical elements from carbon 6C to zinc 30Zn, 

in the experiment with P = 0.5 kbar, arsenic (33As), 
tin (50Sn), barium (56Ba), and lead (82Pb), were found.

Measurement of  one of  the synthesized structures 
over the area 35×28 µm2 was done by an electron 
beam along an ~2 µm strip through its center from 
one edge to another. Based on the many x-ray spectra 
obtained, the concentration distribution of  chemical 
elements along the strip was determined in [18]. In 
this study, along with such elements as barium and 
lead, the x-ray spectra processing program found 
lines corresponding to protactinium (91Pa). The two 
Pa peaks are clearly visible in Fig. 21 on the right. 
Protactinium (231Pa) is a radioactive element, usually 
resulting from the alpha decay of  the (235U) uranium 
isotope. 235U has a half-life of  7∙108 years and an 
isotopic content of  0.72%. If  protactinium were a 
daughter product of  alpha decay of  235U, then we 
would have to observe in the set of  x-ray spectra of  
the uranium line and, most likely, thorium (230Th), 
as a result of  alpha decay of  234U. Since such lines 
were not recorded in the spectra, it is very likely that 
protactinium was synthesized independently.

Fig. 22 shows the total averaged over 40 
measurements element concentrations found at the 
palladium cylinder (19 measurements) and at the 
microstructures (21 measurements).

Fig. 19. A comparison of  the concentrations of  chemical 
elements at the Pd-cylinder.

Fig. 18. The concentrations of  chemical elements at the Pd-
cylinder (15 measurements).

Fig. 20. A comparison of  concentrations of  chemical 
elements for microscopy.

 

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
10-2

10-1

100

101

102

Co
nc

en
tra

tio
n, 

 at
.%

Z

 2,5 kBar,  7 h 
 0,5 kBar, 14 h 

Pt Pb

CO

Si

N

F

Ca

Fe

Cu

Zn

Ni
GaK

S

P

Mg

Al
Na

Cl

 

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
10-2

10-1

100

101

102

Co
nc

en
tra

tio
n, 

at.
%

Z

Pd + H2,   P = 2,5 kbar  

Pt Pb

C
O

Si

F Ca

Fe

Cu

Zn

Ga
K

S
P

Mg

Al

 

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
10-3

10-2

10-1

100

101

102

  2,5 kbar
            0,5 kbar

Co
nc

en
tra

tio
n, 

 at
.%

Z

CaSi

Cu
Zn

As Pd
Sn

Ba
Pb

CO

Na

F S
K

Fe
Ti

Cr

Fig. 21. The total x-ray spectrum after scanning.



152

No. 2 | Vol. 11 | 2019 | RENSIT

ALEXANDER YU. DIDYK, ROLAND WIŚNIEWSKI, TERESA WILCZYŃSKA-
KITOWSKA, GENNADY V. MISHINSKY, VASILY A. SEMIN NUCLEAR PHYSICS

For comparison, Fig. 23 presents concentrations 
of  chemical elements averaged over 35 measurements 
and obtained in two experiments with pure hydrogen 
(H2) at the pressure 1 and 3.4 kbar [39]. Irradiation 
was carried out for 14 and 62 hours, respectively, at 
the electron current (1.2-1.5)·1014 s-1. The electron 
beam energy was 10 MeV.

For completeness, we present here the results of  
an experiment on the irradiation of  tin (50Sn) with 
gamma quanta in condensed hydrogen [19–21]. A 
sample of  natural Sn with a purity of  99.9% was 
a cylinder with a diameter of  9.5 mm, a length of  
17 mm, and a weight of  8.5731 g. On both sides, 
the cylinder was fixed with two collectors made of  
beryllium bronze. The inner chamber, the sleeve for 
the reaction products and the entrance window were 
also made of  beryllium bronze. The initial hydrogen 
pressure inside the reaction chamber was 3.5 kbar. 
At this pressure, the mass density of  hydrogen was 
0.0868 g∙cm-3, and the atomic density of  hydrogen 
was 5.186∙1022 at.H∙cm-3. The irradiation energy of  

electrons was E = 10 MeV, and the current was varied 
within (1.3–1.5)∙1014 s–1. Irradiation was carried out 
for 2.51∙105 s (~70 h). The hydrogen pressure in 
the chamber after irradiation was 3.0 kbar. After 
opening the chamber, 30 black particles fell out of  
it. All surfaces of  the parts of  the reaction chamber, 
which had contact with hydrogen, and a significant 
part of  the synthesized particles were investigated by 
SEM and XRMPA.

Fig. 24 shows the element concentrations 
averaged over 13 measurements of  the synthesized 
structures found at the surface of  the tin cylinder. 
For comparison, Fig. 25 presents the concentrations 
of  chemical elements found at the sleeve, input 
window, collector, and the particles. For the sleeve, 
averaging was carried out over 13 measurements, 
for the input window − over 7 measurements, for 
the collector − over 9 measurements, and for the 
particles − over 21 measurements. Fig. 26 shows 
the concentrations of  chemical elements averaged 

Fig. 23. The element concentrations for two experiments with 
H2 (35 measurements).

Fig. 22. The concentrations of  chemical elements (40 
measurements).

Fig. 24. The concentrations of  chemical elements at the Sn-
cylinder (13 measurements).
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over all 63 measurements of  synthesized solid-state 
structures.

6. THE EXPERIMENT WITH PALLADIUM 
IN HELIUM
The latest experiment in the series was the 
experiment with a palladium cylinder placed in 
condensed helium (He, Tab. 1) [22–23]. The 
chamber was filled with helium to a pressure of  
2.4 kbar. The irradiation was carried out using a 
tungsten convector with the thickness 1 mm and an 
Al-absorber with the thickness 25 mm. The exposure 
time was 96 hours. In the process of  irradiation, 
the pressure in the chamber did not fall, and even 
grew somewhat. When the chamber was opened 
after irradiation, 13 dark-colored particles up to 1 
mm fell out of  it. The entrance window, made of  
beryllium bronze, was covered with a thick visible 
layer of  green-and-yellow color. The thread of  the 
entrance window was filled with small particles - 
balls of  about 2 microns in size (Fig. 27). Fig. 28 
shows the element concentrations in these balls, 
averaged over 4 measurements. Dark spots were 
found at the entire lateral surface of  the palladium 
cylinder. Fig. 29 shows SEM images of  these spots. 
Fig. 30 indicates the element concentrations at 

these spots, averaged over 5 measurements. At these 
spots, besides carbon and oxygen, a high content 
of  nitrogen, iron, and zinc was found. The total, 
averaged over 15 measurements concentrations of  
chemical elements at the surfaces of  the palladium 
cylinder are presented in Fig. 31.

Studies of  the chemical compositions of  the 
synthesized structures on the surfaces of  the entrance 
window (21 measurements), copper collector (3 
measurements) and copper sleeve (16 measurements), 
as well as microparticles (13 measurements), showed 
the presence of  “extraneous” chemical elements 
in them. Fig. 32 shows the total, averaged over 53 
measurements concentrations of  chemical elements 
for these chamber parts. A feature of  this experiment 
with helium is the registration at the sleeve and at the 
particles of  inert gases: neon and argon.

Fig. 33 shows the averaged over 68 measurements, 
including the surface of  the Pd cylinder, 
concentrations of  chemical elements measured in 
the experiment with helium. For comparison, Fig. 
34 shows the concentrations of  chemical elements 
averaged over 28 measurements and obtained in two 
experiments with pure helium at the pressure 1.1 

Fig. 27. The images showing structures in the threaded 
grooves: a) (65 μm); b) (14 μm).

Fig. 26. The concentrations of  chemical elements (63 
measurements).

Fig. 28. The concentrations of  chemical elements for the 
balloons.

                      a                                             b
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and 3.05 kbar [39]. Irradiation was carried out for 
28 hours each experiment, and the electron current 
was (1.0-1.5)·1014s-1. The electron beam energy was 
10 MeV.

To complete the picture in Fig. 35, we present 
the general result on the irradiation by braking 
gamma quanta during 43 to 72 hours at the maximum 
energy 10 MeV in condensed xenon (54Xe) in three 
experiments [32–37, 39]. The figure shows the 
concentrations of  the synthesized chemical elements 
averaged in these experiments at xenon pressures of  
250, 270 and 550 bar. Averaging was performed for 
289 measurements. It should be especially noted 
that due to the xenon irradiation, such radioactive 
elements as technetium (43Tc) and actinium (89Ac) 
(francium (87Fr) is the daughter product of  actinium) 
were synthesized. Their appearance can be explained 
neither by pollution nor by secondary processes. It 
should also be noted that as a result of  long-term 

exposure to the braking gamma quanta of  condensed 
xenon, “almost all elements” of  the Periodic Table 
were synthesized here.

7. DISCUSSION OF THE EXPERIMENTAL 
RESULTS
First of  all, it should be emphasized that, despite the 
striking results obtained in our numerous experiments 
and the interest of  the scientific community, they were 
not reproduced at other scientific centers. Therefore, 
we are forced to compare the results of  different 
experiments on the basis of  our experimental data 
solely.
1. In all experiments with condensed gases, without 

exception, after the end of  the irradiation, newly 
formed objects were found in the reaction 
chambers: microparticles ranging in size from 
0.5 μm to 1 mm and anomalous solid-state 
structures at the parts of  the reaction chambers 
and at the surface of  the palladium. Since the 

Fig. 31. The concentrations of  chemical elements (15 
measurements).

Fig. 30. The concentrations of  chemical elements for the 
black spots.

Fig. 32. The concentrations of  chemical elements (53 
measurements).
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structures formed contain a large number of  
“extraneous” chemical elements, it should 
be assumed that the structures and chemical 
elements were synthesized at the surfaces of  the 
palladium cylinders and at the surfaces of  the 
parts of  the reaction chamber.

2. Studies performed by scanning electron 
microscopy, found significant changes in the 
surfaces of  the irradiated Pd-cylinders. Smooth 
surfaces of  the Pd-cylinders were transformed 
into inhomogeneous surfaces consisting of  
separate clusters with lots of  cracks and spots. 
We interpret irregularities, cracks and ruptures 
which appear at the surface of  the Pd-cylinders 
as radiation damage and microexplosions of  the 
near-surface layer produced by nuclear reactions.

3. Measurements carried out using x-ray micro-
probe analysis showed that the surfaces of  the 
Pd-cylinders, solid structures and microparticles 
contain chemical elements which were absent 

in appreciable quantities in the volumes of  the 
reaction chambers before they were irradiated.

4. The range of  the synthesized elements extends 
from carbon to lead. A characteristic feature for 
all of  the obtained concentrations of  chemical 
elements is the constant presence of  the group 
with practically all light elements having the 
nuclear charge 6 ≤ Z ≤ 30, from carbon to zinc. 
The maximum yield in the reactions is as follows: 
carbon and oxygen. Light elements up to carbon 
(in some cases, boron) are not recorded by x-ray 
microprobe analysis.

5. In addition to the group of  light elements in the 
reaction products, there are always representatives 
from the group of  elements with nuclear charge 
Z from 30 to 70 and there are representatives 
from the group of  heavy elements with Z greater 
than 70. Almost always lead is present in the set 
of  synthesized elements.

6. Taking into account the entire set of  data 
obtained by the XRMPA method, it can be 
argued that in each individual experiment on the 
irradiation of  gamma-quanta of  palladium in 
condensed gases there is no significant difference 
in the distribution of  chemical elements for the 
parts of  the reaction chamber: the input window, 
sleeve, collector, manganin foil, and particles.

7. The most impressive experiments are the 
experiments with irradiation of  palladium in 
a condensed deuterium atmosphere. In these 
experiments such elements as titanium (22Ti), 
silver (47Ag) and lead (82Pb), were synthesized in 
macroquantity. The isotopic composition of  lead 
in the range of  measurement errors corresponds 
to the natural ratio of  isotopes.

8. In the experiment with condensed helium such 
inert gases as neon and argon were recorded at 
the sleeve and at the particles. These elements 
do not form chemical compounds, so they could 
be synthesized and stored only inside and in the 
surface layers of  the sleeves and particles.

9. In the experiments with condensed hydrogen and 
deuterium, radioactive elements were registered: 
protactinium (91Pa) and, possibly, curium (96Cm) 
[42]. With a high degree of  probability, these 
chemical elements were synthesized directly as a 
result of  nuclear reactions.

10. The distributions of  the synthesized chemical 
elements in the experiments with palladium 

Fig. 35. The concentrations of  chemical elements for three 
experiments with Xe (289 measurements).

Fig. 34. The concentrations of  elements for two experiments 
with He (28 measurements).
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and tin in condensed hydrogen differ little in 
character from each other (Fig. 22 and Fig. 26).

11. The distributions of  synthesized chemical 
elements in the experiments on the irradiation 
of  high-pressure chambers filled by condensed 
gases, with and without palladium, have a similar 
character [39].
A trivial explanation for the appearance of  

all “extraneous” chemical elements registered in 
experiments is their uncontrolled introduction 
into the internal volume of  the reaction chambers 
during the process of  filling the chambers with 
condensed gases. However, in addition to the fact 
that special measures were taken to eliminate the 
importation of  “extraneous” chemical elements, 
special, “background” experiments were carried out 
to test this assumption: a) after several procedures 
for filling the reaction chamber with deuterium 
and evacuating it, the chamber was opened without 
irradiation; b) in the following experiment, the Pd-
sample was held in the chamber for 105 s without 
irradiation at a deuterium pressure of  20 kbar; c) 
separately, irradiation was carried out at an electron 
energy of  10 MeV for an empty chamber with all 
internal sleeves and collectors. The chamber between 
the exposures was constantly pumped out to the 
pressure 10–4 Pa. The exposure time was 2·105 s, for 
the average electron beam current 1.2·1014 s-1; d) in 
another experiment, a chamber filled with deuterium 
at the pressure 60 bar with a palladium cylinder of  
Ø 4.9×8 mm3 in size was irradiated for 1.3·105 s, 
with an average electron beam current of  1.1·1014 s-1. 
Palladium was 99.997% pure. This experiment was 
aimed at the synthesis of  chemical elements under 
reduced pressure of  deuterium, which is compared to 
other experiments where the pressure of  deuterium 
was 1.2 and 3 kbar [1-3, 7-10]. In all cases, the studies 
of  the internal sleeves, collectors and the surface of  
the palladium cylinder made by SEM and XRMPA 
showed the absence of  new synthesized structures 
and different elemental compositions in them.

Consequently, the appearance of  “extraneous” 
elements in the internal volume of  the reaction 
chambers, with a high degree of  probability, is 
determined by non-nuclear interaction of  gamma 
radiation in the atmosphere of  condensed gases 
and with metal atoms surrounding the gas [43]. 
The interaction of  gamma quanta with an energy 
up to 10 MeV with a substance is characterized 

by: the photoelectric effect, the Compton effect, 
and the production of  electron-positron pairs. All 
three effects lead to the formation of  electrons 
and positrons with the energies < 10 MeV which 
ionize the gas atoms and atoms of  the materials 
surrounding the gas. Thus, a dense plasma with 
a high electron temperature is created in the 
irradiated volume. Consequently, the production of  
“extraneous” elements in the chamber is associated 
with the creation in its volume of  a non-equilibrium 
dense plasma.

There are two nontrivial possibilities for the 
appearance of  chemical elements. One of  them is 
connected with the hypothesis of  “plasma diffusion” 
of  already existing impurity elements from the depth 
of  materials surrounding the gas to the interface 
between two media: solid state and gas. In this case, 
the density of  atoms in the gas must be comparable 
with the density of  the solid. The second possibility 
is associated with the hypothesis of  the emergence 
in dense plasma of  conditions for the multinuclear 
fusion of  several atomic nuclei into a common 
compound with its subsequent multinuclear fission 
into other fragment nuclei [43], i.e. implementation 
of  low-energy nuclear reactions.

Indeed, strictly speaking, trace amounts of  
practically all elements, including radioactive 
elements, can be found in all metal alloys. Therefore, 
if  there were a mechanism of  “plasma diffusion” 
of  impurity chemical elements from the depth of  
materials onto their surface with the obligatory 
presence of  condensed gases, then this could 
somehow explain the appearance of  “extraneous” 
elements, though in nano- and micro-quantities. But 
such a mechanism is unknown.

The introduction stated that one of  the 
motivations in the formulation of  the experiments 
discussed here was the implementation of  cold 
fusion reactions for a palladium-deuterium pair. It is 
noteworthy that the most impressive experiments are 
experiments, just with the irradiation of  palladium 
in a condensed deuterium atmosphere. In these 
experiments, such chemical elements as titanium, 
silver and lead were synthesized in macroquantities. 
From scientific literature it is known that cold 
nuclear fusion reactions are accompanied by 
transmutation reactions − the transformation of  
some chemical elements into others. Consequently, 
in our experiments with a palladium-deuterium 
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pair, gamma-stimulated reactions of  the cold fusion 
produce the energy necessary for transmutation 
reactions. In the experiments using other gases: 
hydrogen and helium, and in the experiments with 
pure gases, transmutation reactions occur directly. 
As was already mentioned, the intensity of  cold 
fusion reactions increases with increasing number of  
deuterium atoms per palladium atom. “It is curious 
that nanoclusters of  6-7 nm size are formed near 
the metal surfaces, simply as a result of  heating 
the sample to a temperature of  300-400°С! Such 
nanoclusters levitate over a metal surface [44]! 
If  cold fusion reactions occur in the volume of  
nanoclusters formed by any method, then due to 
the bombardment of  metal surface by the reaction 
products, the metal surface is locally heated, and 
both additional local defects and new nanoclusters 
are produced on this surface. The “hot” defects 
and nanoclusters which emerge can become centers 
for the formation of  solid structures and for the 
synthesis of  “extraneous” chemical elements in 
low-energy nuclear transmutation reactions.”[45, с. 
128].It seems that we register such processes in our 
experiments.

8. CONCLUSION
This article provides an overview of  eight years of  
experimental work on the synthesis of  chemical 
elements from the gas phase of  deuterium, hydrogen 
and helium in the presence of  metallic palladium 
during long-term γ-irradiation of  gases under high 
pressure. Numerous data have been obtained on the 
synthesis of  for a wide range of  chemical elements 
from carbon to lead. Preliminary hypotheses are 
proposed for the synthesis of  chemical elements 
under the experimental conditions.

Based on the assumptions made, it is necessary 
to conduct new experiments that can confirm or 
disaprove both the results obtained and the indicated 
hypotheses.
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