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1. Introduction
The ﬁrst two elements of our Universe and their stable isotopes
of hydrogen and helium were produced in the ﬁrst minutes of the
Universe, after the so-called ‘‘Big Bang’’. A small amount of lithium,
the third element in the periodic table, was also made at this time.
However, the bulk of the lithium, and beryllium, and boron elements were formed from heavier elements in the process of disintegration of these elements in interstellar space, under the
inﬂuence of cosmic radiation. All the chemical elements that make
up the Earth and us from carbon to uranium, as is commonly believed, originated in nuclear processes inside the ‘‘burnt’’ stars during their long evolution.
Our life on Earth was made possible due to the heating from the
nearest star, which we call the Sun. The Sun is a relatively young
star, with a long lifetime. Solar energy is due to the synthesis of helium from hydrogen, the nuclear process that occurs in the depths
of the star and ensures our existence.
At the present time, mankind has come to a stage of development, when the struggle for energy resources has become particularly urgent. In the next 100–200 years, all known chemical
resources will be close to exhaustion, which has a detrimental effect on our future development. All the known renewable energy
resources cannot meet the needs of human progress. The problem
is exacerbated by the fact that the chemical energy is bound by the
so-called greenhouse effect, i.e. the excess in the atmosphere of
carbon dioxide.
Talk about the transition to the use of nuclear energy has been
going on for a long time. As it turned out, nuclear energy, based on
the use of ﬁssionable nuclear material, is not a lasting solution to
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the problem, as the stocks of these materials are not inﬁnite. Reactor safety, based on the process of nuclear ﬁssion, must be much
more reliable, as has been shown by several recent accidents at nuclear power plants. Disposal of nuclear waste for a very long time is
still a virtually unsolved problem.
For a long time there has been talk about transitioning to a process of controlled nuclear fusion. Initial expectations that this
problem would be solved soon did not materialize. Technical difﬁculties maintaining superhot plasmas (107–109 C) and the destructive effect of gigantic neutron ﬂuxes produced by thermonuclear
reactions are pushing the solution of this problem to a more distant and uncertain future.
Recently, the hope, or even assurance, that the problem of nuclear fusion can be solved quite differently has been aroused.
Calorimetric measurements of samples of palladium saturated
with deuterium (a group of McKubre, as well as several other
groups) indicate that, the so-called cold fusion of two deuterium
nuclei to form 4He⁄ with the concurrent release of energy of
24 MeV [1] occurs under these conditions. These experiments have
been conducted for nearly 23 years, and are still either completely
rejected by the working community of nuclear physicists, or met
with a large dose of skepticism. Two main objections raised by nuclear physicists against the experiments of the McKubre group and
other similar experiments are clustered around the apparent violation of the second law of thermodynamics by this process and the
fact that in these experiments there are virtually no nuclear reaction products, except 4He.
It was shown in papers [2,3] that the results of these experiments
are not contrary to the fundamental laws of physics. We will show
below that the experiments at accelerators at low energies directly
indicate the need for the existence of this phenomenon, which was
ﬁrst observed by the unexpected heating during the reaction in palladium saturated with deuterium. The virtual absence of nuclear
products in the reaction of cold fusion of deuterons can be explained
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Fig. 1. Upper panel: left – experimental data [6], showing the energy dependence of the S-factor for sub-threshold nuclear reaction on the aggregate state of matter that
contains the nucleus 7Li. Right – similar data [7] for the reaction DD, when the target is placed in a crystal of zirconium. The data are well described by the introduction of the
screening potential of about 300 eV. Lower panel – the data for the reaction DD [8], when the target is implanted in a crystal of platinum. The data are well described by the
introduction of the screening potential of about 675 eV.

Fig. 2. Left panel – sketch from the paper of Assenbaum and others [4], illustrating electron screening in a fusion process. Until the distance Ra, the projectile particle is not
repelled by the target nucleus. If the electron orbit of the target could be (hypothetically) moved toward the target nucleus, the strength of the Coulomb barrier could be
drastically lowered (right panel).

by the decreasing of the rate of nuclear decay of the intermediate nucleus 4He⁄ with decreasing energy of its excitation. In this case, the
energy of the reaction is released by virtual photons. Thus, this is a
new phenomenon, which may be of great practical importance. In
addition, the study of so-called ‘‘glow discharge’’ of the excited
4
He⁄ nucleus may clarify the mechanism of packaging of the nuclear
system and suggest a new approach to the study of the chromodynamical nature of nuclear forces [3].

2. Fusion reactions in collisions of atoms in crystal
environments
In contrast to the collision of bare nuclei, it is necessary to modify the formula for the probability of penetration through the potential Coulomb barrier for the collision of atoms, because the
atomic electrons screen the repulsive effect of a nuclear charge.
In the so-called Born–Oppenheimer approximation, such a
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Fig. 3. Sketch of the Gran Sasso experiments of fusion elements when the target is
embedded in a conductive crystal.
Fig. 5. Permeability of the Coulomb barrier for DD fusion vs electron screening
potential (‘‘effective energy of interaction’’).

modiﬁcation for the atom–atom collisions has been performed in
Assenbaum and others [4]. Under this approach, it was shown that
the so-called ‘‘screening potential’’ serves as effective additional
energy for the collisions of nuclei in the center of mass system.
Experimental data can be well described by the introduction of
only one parameter – the screening potential, which for deuterium
in metals is about an order of magnitude greater than is the case
for collisions of free atoms. Apparently, this approach is equivalent
to taking into account the thickness of the potential barrier for calculation of the quantum–mechanical penetration probability
through potential barriers developed earlier by Zeldovich and
Gershtein [5]. The Assenbaum approach is presumably valid until
this screening potential is much less than the peak value of the barrier potential.
The experimental results that shed unexpected light on this
problem are presented in works by Rolfs [6], Czerski [7] and Raiola
[8]. A survey of papers on this subject is contained in the article by
Bogdanova [9]. In these studies it was shown that sub-barrier cross
sections of element synthesis depend very strongly on the physical
state of the matter in which the target atoms are embedded. Fig. 1
shows the experimental data [6–8], demonstrating the dependence
of the astrophysical factor S(E) and cross sections of the synthesis
of elements for sub-threshold nuclear reaction on the aggregate
state of matter that contains the target nucleus.
The distance of convergence of the two deuterium atoms in one
crystalline cell under these circumstances is an order of magnitude
smaller than the size of a deuterium atom. It must be noted that
the physical nature of the phenomenon of increasing fusion cross
section of elements placed in the crystal lattice of conductive crystals is not yet fully elucidated.

Table 1
Rate of DD fusion in a single niche of crystallographic cell.
Crystal

Screening
potential, eV

Oscillation
frequency m,
s1

Barrier
permeability
e2pg

Rate of DD
fusion k, s1

Palladium
Platinum

300
675

0.74  1017
1.67  1017

1.29  1025
2.52  1017

0.95  108
4.21

Table 2
Series of hydrogen spectra based on Rydberg formula.
n1

n2

Name of Series

Converge toward

1
2
3
4
5
6

2?1
3?1
4?1
5?1
6?1
7?1

Lyman
Balmer
Paschen
Brackett
Pfund
Humphreys

91.13 nm (UV)
364.51 nm (Visible)
820.14 nm (IR)
1458.03 nm (Far IR)
2278.17 nm (Far IR)
3280.56 nm (Far IR)

As we mentioned earlier, the effect of electron screening in the
fusion process was quite careful considered by Assenbaum, Langanke and Rolfs [4]. Fig. 2 (left panel) illustrate the physics of the
process.
In 1960 Zeldovich and Gershtein [5] considered the permeability of the Coulomb barrier and found that it is strongly depended
on the orbit radius of the screening electron:

Fig. 4. Sketch of the niches in metallic crystalline cells. A shadow area schematically represents free electron clouds. Left – an empty crystalline niche, the middle – a niche,
ﬁlled with one contaminant deuterium atom. Right – a niche, ﬁlled with two deuterium atoms. The fusion process is only possible when two deuterium atoms met in the
same crystalline niche. A simple cubic structure is used in the sketch just for didactical purposes.
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Fig. 6. The structure of the fcc crystal lattice. Large circles denote the atoms of the
crystal lattice, small circles marked off the so-called octahedral centers (O) with a
minimum of electrical potential.

Fig. 7. Diagonal plane in the structure of fcc [12]. Octahedral positions (O) and
tetrahedral positions (T) of potential wells are presented.



Z
2 x2 pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
B ¼ exp 
2MðUðxÞ  EÞdx
h x1


2 pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2MU ðx2  x1 Þ
¼ exp 
h
They considered the possibility of reducing the radius of the
electron orbits of fusing atoms using deuterium under very high
pressure (‘‘dreams’’ of piezo-fusion). Unfortunately, the necessary
pressure happens to be so high, that it was completely impractical.
Fig. 3 is a sketch of the Gran Sasso experiments. A beam of several keV deuterons bombards deuteron atoms previously implanted in the matrix of a crystal or of an amorphous material.
At these low energies the naked deuterons, when entering the
crystalline matter, acquire orbital electrons and move inside the

crystal as whole atoms, and an atom–atom interaction takes place
in the cell of the host material. The process of acquiring an orbital
electron happens when the velocity of the deuteron in the matter
is lower than the Bohr velocity of an electron in a hydrogen atom.
For deuterons this threshold is 50 keV.
Cross-section of this reaction manifests that so-called electron
screening potential is high in metallic crystals, of the order of
300–700 eV. This means that before the fusion reaction has taken
place, both deuteron atoms are approaching each other without
repulsion to a distance less than one tenth of the size of the free
deuterium atoms. In other words, before the fusion reaction has
take place, both electron orbits of interacting deuterium atoms in
the crystalline cell have elongated shapes, as shown schematically
in Fig. 3. This reaction is still the fusion-in-ﬂight, a single encounter
of two atoms. These fusion reactions were identiﬁed in the Gran
Sasso experiments by the normal radiation products of the hot
DD fusion [d(d, p)t)].
In the explanation of the cold fusion process presented in paper
[3] it was reasonably supposed that two deuterium atoms, when
they implanted in the same crystalline niche, have the same elongated electron orbits, which are strictly oriented in the crystalline
cell. In paper [3], parameters of the electron screening potentials
from the Gran Sasso and following experiments were applied to
the McKubre experiments. The reasonable assumption was made
that the changes of shape of an electron orbit of a bullet deuterium
atom in Gran Sasso experiments are quite fast during their travel in
the crystalline cell. We do believe so, because the speed of the bullet deuterium atoms in Gran Sasso experiments is much slower
than the electronic processes in the crystal. If it is not completely
true, even larger screening potential should be applied for cold
fusion.
Fig. 4 provides a sketch of the niches in metallic crystalline cells.
A shadow area schematically represents free electron clouds. The
fusion process is only possible when two deuterium atoms met
in the same crystalline niche.
Fig. 5 shows a graph of permeability of the potential Coulomb
barrier for the D + D ? 4He⁄ reaction on the electron screening potential (effective energy of interaction).
The possibility of a process analogous to the well-known process of muon catalysis, when instead of l-meson exchange catalysis the rapprochement of two deuterons is the effect of conduction
electrons and the lattice of the metal crystal, was considered in [3],

Fig. 8. Potential isolines within the fcc cell (diagonal plane) in the case of titanium (left) and palladium (right) on the DFT model. The potential values for contour isolines are
given in volts.
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Fig. 9. Potential isolines within the cell fcc (diagonal plane) in the case of palladium crystal (left) and platinum (right) in the Molière approximation. The potential values for
contour isolines are given in volts.

Fig. 10. Proﬁles of the potential in O-center in palladium crystal in the X-direction (left) and in the V-direction (right), Molière approximation.

Fig. 11. Proﬁles of a potential in O-center in platinum crystal in the X-direction (left) and the V-direction (right), Molière approximation.

where the calculation of DD fusion reaction rate in the crystals of
palladium and platinum was done. In the case of palladium [7],
the screening potential was taken to be 300 eV, the same as in
the case of zirconium. For platinum the screening potential is
675 eV [8]. A screening potential of 3–6 keV approximately corresponds to l-catalysis for DDl.

It is very clear from the graph in Fig. 5 that the dependence of
the DD fusion reaction rate, which is proportional to the probability of penetration of the deuterons through the barrier, increases
drastically with increasing electron screening potential. The resulting rate of DD fusion located in a single niche of a crystallographic
cell of palladium and platinum is presented in Table 1.

100

E.N. Tsyganov et al. / Nuclear Instruments and Methods in Physics Research B 309 (2013) 95–104

Fig. 12. Diagram of the processes that ensure thermalization of DD-fusion reactions
in crystals. Virtual photon is emitted by compound nucleus 4He⁄.

Fig. 15. Example trajectories of 10 emitted electrons with energy of 60 keV.
Electrons emitted isotropically from a single point in palladium (in the plane XY).
Dimensions are in micrometers.

Fig. 13. The scheme of the two-side experiment is presented. Several semiconductor silicon detectors are located on both sides of the palladium crystal and are
included in the coincidence.

Fig. 14. The one-sided scheme of the experiment is presented. Several semiconductor silicon detectors located on one side of the palladium and included in the
coincidences. Left – side view, right – the relative position of the aperture and
detectors.

It is usually accepted, that at the ground state of the hydrogen
atom the shape of the electron orbit is round. However, the free
electron cloud in a metallic crystal could distort the electron orbit
of a contaminant atom with the application of very small excitation energy, of the order of several eV. Well known chemical catalysis processes are based on this phenomenon. Spectra of hydrogen
atoms, containing elliptical atomic orbits, were ﬁrst proposed by
Rydberg with his famous formula in 1888: 1/k = R [(1/n21 ) – (1/n22 ].
Table 2 presents a series of hydrogen spectra based on Rydberg
formula.
3. Crystalline structures and cell potentials
The most common crystalline structures are known as simple
cubic (sc or cP), body centered cubic (bcc or cI), face centered cubic

(fcc or cF), and hexagonal. Palladium and platinum are both characterized by the fcc structure. Let note that there are no metallic
crystals with simple cubic structure, and in our previous considerations we have used it just for didactical purposes. Moreover, in
such a structure the only potential niche for contaminants is placed
in the center of the cube. As below shown, for heavy metals like
palladium and platinum the main potential niches are somewhat
similar to those of simple cubic structures.
To date, there is no distinct quantum–mechanical theory of solids, even for the case of such highly ordered systems as crystals.
Complex calculations of the electron shells of different atoms have
only been performed relatively recently, about 50 years ago. The
existence of even the simplest molecule – hydrogen (H2) – fundamentally depends on the relative electron spin orientation of two H
atoms considered (ortho-hydrogen and para-hydrogen). It would
be naive to think that the cell structure of a crystalline platinum
consisting of hundreds of ‘‘players’’ could actually be calculated
theoretically by only means of relevant rules of thumb without
the use of experimental data.
As above mentioned, the experiments at the Gran Sasso Laboratory [6,8] and in Berlin [7] carried out in 2002–2009, that have
been repeatedly cross-checked by these two large international
teams, led to the establishment of an interesting observation. The
so-called electronic screening potential in the synthesis reaction
(e.g., in the case of DD) dramatically increases when the reaction
occurs in the medium of a conducting crystal. On the contrary, this
enhancement is absent for reactions in a semiconductor, insulator
or amorphous body. In these cases, the electronic screening potential is virtually identical to the values obtained for collisions of free
atoms. It should be underlined that the effect of an increase of the
electron screening was ﬁrst recorded in a hot fusion experiment,
and protons were emitted from the D + D ? 3H + p reaction.
Regardless of the difference of proton emission, for these two processes the permeability of the Coulomb barrier is expressed with
the same quantum–mechanical expression.
Already in 2006, Claus Rolfs noted [6] that the large electronic
screening potential indicates the possibility of convergence of deuterium interacting each other without the Coulomb repulsion at
the distance much less than the canonical dimensions of these
atoms. Unfortunately, the studies did not pursue this idea further
applying it, for instance, for the so-called cold fusion case. To make
such a generalization, we should assume that the atoms involved
in the reaction are arranged in the same potential niche of a metallic crystal cell, and set Ekin = 0 in the expression for the effective potential Eeff = Ekin + Ue.
Calculations of the reaction rate reported in [2] are based
explicitly on the experimental data [7,8], and do not depend on
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Fig. 16. Left – the energy released by 6 keV electrons in detectors on the left and the right of a palladium foil with a thickness of 0.1 micrometers. Right – the total energy
released in this case.

Fig. 17. Left – the energy released by 6 keV electrons in detectors on the left and the right of a palladium foil with a thickness of 1 lm. Right – the total energy release.

Fig. 18. Left – the energy released by 60 keV electrons in detectors on the left and the right of a palladium foil with a thickness of 5 lm. Right – the total energy release.

the structure of the potential niches in the metal crystal, or on detailed mechanism of deformation of the electron shells for deuterium atoms. However, the study of the conﬁguration of such
niches may help further to understand the mechanism of cold
fusion.
Let calculate the electrical potentials for various fcc structure
cells.

3.1. Thomas–Fermi and DFT models for the potential evaluation
As known, interaction potential in the Thomas–Fermi model is
written as

VðrÞ ¼

Z 1 Z 2 e2
/ðr=aÞ
r

ð1Þ
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Fig. 19. Left – the energy released by 6 keV electrons in detectors on the left and the right of a palladium foil with a thickness of 1 lm. Right – the total energy release.

Fig. 20. The release of energy by 60 keV electrons in the detectors located on one
side of the palladium (palladium foil thickness was taken equal to 20 lm). About
75% of the events that have been simulated are completely absorbed in the
palladium. The spectrum is cut off by about 14 MeV due to re-scattering of a certain
fraction of electrons in the palladium for 180°.

where the screening function /ðr=aÞ could be calculated within various approximations. One of wide used approximation known as a
Molière approximation [10] (for details see [11]) represents a sum
of exponents that simpliﬁes its use:
/ðr=aÞ ¼

3
X



ai exp  bai r fai g ¼ f0:1; 0:55; 0:35g ; fbi g ¼ f6:0; 1:2; 0:3g

ð2Þ

i¼1

with the screening length a in the case of an isolated atom (Z2) and
interaction with fully ionized ions (Z1)

a ¼ 0:8853 a1 Z 21=3

;

ð3Þ

where a1 = 0.529 Å is the Bohr radius. In our case, Z1 = 1, Z2 = 46
(palladium) and 78 (platinum).
Approximation of Density Functional Theory (DFT) is further
development of Hartree–Fock theory and apparently is the most
appropriate method of calculation in solid state physics. For simplicity in the description of the most common characteristics of
the potentials in the crystal cell of heavy metals we limited ourselves by the Molière approximation. We have also performed

Fig. 21. The distribution of events by the number of triggered detectors for the oneside option of the detectors in the case of 60 keV. The threshold of the detectors was
set at 100 keV.

the calculations in accordance with the DFT and compared our results with the work of Ichimaru [12]. A book ‘‘The Fundamentals of
Density Functional Theory’’ written by Eschrig [13] contains detailed mathematical discussions on the DFT.
3.2. The results of calculations for the fcc structure
The crystal fcc structure is presented in Fig. 6. Large circles denote the atoms of the crystal lattice, small circles marked by the socalled octahedral centers (O) with a minimum electrical potential.
It is easy to see that when you move the reference center from the
upper-left cell of the lattice to the middle atom of the cell by a half
cell constant in the X- and the Y-directions, i.e. (X + a/2, Y + a/2), the
structure of the entire cell is repeated itself, with the central O center becoming one of the edge. This means that all of the O-centers
in this structure are identical.
Fig. 7, taken from [12], offers pleasant view of the structure of
potential octahedral O and tetrahedral niches T, located on the
diagonal plane in the structure of fcc. We will denote the horizontal direction in the cell as X, and the direction along the diagonal
plane as V.
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Fig. 22. The distribution of the total energy released by 60 keV electrons for the case when the detectors are located on one side of a palladium foil with a thickness of 20 lm.
The different histograms correspond to the different coincidence multiplicity of the detectors. The threshold of the detectors was set at 100 keV.

To get a realistic potential distribution within a single crystal
cell, even with the spatial distribution of the potential of a single
atom, one should place the cell in a group of a large number of similar cells. This is necessary in order to avoid distortion of the results
arising from edge effects. We have calculated a few conglomerates
of crystal cells (single cell, clusters 3  3  3, 5  5  5, 7  7  7)
and came to the conclusion that the central cell of the cluster
7  7  7 quite accurately reproduces potentials of ‘‘inﬁnitely
large’’ cluster.
Despite some discrepancy in the absolute values of potentials in
the case of DFT model and Molière approximation, the general
behavior of the potentials in both models satisfactory agreed. The
role of T-centers gradually disappears when we move to the heaviest fcc crystals (Figs. 8–11).

4. The experiment
In this study, we examined the possibility of detecting the
reaction of cold fusion in crystals, based on the hypothesis [3]
that with decreasing excitation energy of the compound nucleus,
the 4He⁄ decay rate of this nucleus with the emission of nuclear

products is inversely proportional to the excitation energy. In
this case, the main mechanisms for the transfer of the difference
of the binding energy of the nucleons in two deuterium nuclei
and in 4He (24 MeV) are processes involving virtual photons
which start to play the major role. Fig. 12 shows one of these
processes.
In this process, the energy of the transition of a compound nucleus 4He⁄ to the ground state of 4He is released through a series of
virtual photons which transfer their energy to the surrounding
electrons of the crystalline lattice.
Unfortunately, the calorimetric approach does not come close to
providing a clear understanding of the DD cold fusion process.
Additional experiments that can explain the mechanism of energy
transfer of DD fusion to the crystal lattice without the nuclear decay of the composite system 4He⁄ are required.
Figs. 13 and 14 below provide an overview of the experimental
geometry, which would give additional information about the process of DD cold fusion in the crystals.
As noted above, the metallic crystals with the conduction electrons and the effect of their lattice can strongly modify the potential barrier effect. The effective screening radius in this case can be
an order of magnitude smaller than the radius of the orbital
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electrons of the colliding nuclei. Accordingly, the energy of the
electrons from the ‘‘discharge’’ of an excited compound nucleus
via virtual photons [2,3] may be an order of magnitude greater
than in the case of a collision of free atoms. We have performed
calculations for two energies of emission of electrons, 6 keV and
60 keV. This corresponds to two values of the screening potential
in the DD interaction for free atoms (27 eV) and for the atoms in
the conducting crystal lattice (about 300 eV for palladium crystals).
In the case shown in Fig. 13, several semiconductor silicon
detectors are mounted on both sides of a palladium crystal. To reduce the accidentals, they are included in coincidence with a certain minimal threshold, and in the case of the coincidence their
signals are summed. Detectors are placed with the n-side toward
the radiation source and the thickness of the passive part (nimplantation) is not more than 0.02 lm. To reduce the absorption
of emission electrons in the material, the air is pumped out from
the surrounding volume. The estimated energy resolution of the
detectors is 10 keV, with time resolution of about 2 ns [14].
To reduce the thickness of palladium, which is not a detecting
element, a working sample of palladium foil is thinned by etching.
The thickness of the thin wall is 1–5 lm. The thick part of the palladium element is covered by the ﬁlter.
It must be noted that from a single DD fusion event a few 100
electrons are emitted, their total energy is 24 MeV, and the identiﬁcation of such an event will not present much difﬁculty. For further study of this phenomenon, we propose using pixelated
detectors with high spatial resolution.
At the preliminary stage of the experiment, it is planned to carry
out measurements by recording the emission electrons from only
one side of the palladium. A schematic of the experiment in this
formulation is shown in Fig. 14. 16 semiconductor silicon detectors
are located on one side of the palladium and included in the
coincidences.
We have to clarify here that for the all proposed measurements
the density of deuterium contamination in palladium foil must be
by many orders of magnitude lower than in experiments [1], where
fusion effect was detected by a heat deposition. In our approach
the rate measurements will be performed by detecting fusion
events one by one. We plan to increase deuterium-in-palladium
contamination gradually, until the counting rate will reach some
suitable level.
5. The results of simulation
The total energy, to be recorded by the detectors, was calculated
by the Monte Carlo model (GEANT4) [15]. For a detailed simulation
of low-energy electromagnetic interactions the Livermore Physics
models [16] (G4EmLivermorePhysics) from the package GEANT4
were used. These models use the databases Livermore EPDL and
EEDL.
It is assumed that a fusion event produces up to several hundred electrons of 60 keV (or up to several thousand electrons of
6 keV) with the total energy of 24 MeV in a relatively short time
(about 1015 s). Palladium foil is not an active detecting element,
so the energy of the electrons resulting from DD fusion absorbed
in the foil disappears from the measurement process. The calculations optimize the thickness of the palladium foil and the geometry
of the detectors.
The results of simulations are presented in Figs. 15–22.

6. Discussion
In the case of 60 keV electron emissions and a thickness of the
palladium foil of 5 lm, recording events in left–right coincidence,
apparently, does not present much difﬁculty. Thus, when a single
detector threshold is placed at 100 keV, the probability of right–left
coincidence in the proposed geometry is about 97%. In the case of
electrons with energy of 6 keV, the probability of right-left coincidence virtually disappears, even for a thickness of 1 l palladium.
Nevertheless, reliable event detection can be made by multiple
coincidences of detectors placed on one side. In the proposed
geometry for the case of energy of 6 keV and the thickness of 1 l
palladium, two or more detectors will be triggered with a frequency of only about 7%. In this case, ﬁner partitioning of the
detectors will increase the frequency of operation and reliable
recording of a one-sided (‘‘surface’’) of the reaction.
For an easier case where the detectors are located on one side of
the palladium (in the case of a thick palladium sample), the maximum detected energy is approximately half the energy of a 4He⁄
discharge. In our opinion, this will be conclusive evidence of the
transfer of energy of an excited compound nucleus 4He⁄ to the lattice crystal by virtual photons.
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