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1. INTRODUCTION
Low-energy nuclear reactions [1-6] occurring in 
a weakly excited condensed matter are divided 
into two types: cold fusion (CF) reactions and 

low-energy transmutation reactions of  chemical 
elements (LET or transmutation).

The reactions of  CF include reactions 
involving hydrogen or deuterium, namely: 
protons or deuterons, and the nuclei of  the main 
element, for example: palladium, zirconium, 
nickel, titanium, boron, lithium... These reactions 
can proceed spontaneously, without external 
influence. In solids, they occur preferably in 
samples that have a size of  an order of  several 
nanometers. Such a size of  samples allows to 
create a concentration of  2-3 atoms of  hydrogen 
or deuterium per one atom of  the main element. 
The CF reactions can also proceed in solutions 
and in melts.

Transmutation reactions are realized for 
all chemical elements, starting with hydrogen, 
and occur, as a rule, with the participation of  
a large number of  atomic nuclei. The LET 
reactions include both multinuclear fusion and 
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multinuclear fission. They occur only as a result 
of  external influence. Transmutation reactions 
predominantly occur in melts, in solutions and 
in dense gases, i.e. on free atoms.

Some experimental similarity in the results 
of  these types of  reactions, in the case of  CF 
reactions, is explained by the initial excitation 
of  the condensed matter due to cold fusion 
reactions with a subsequent triggering of  low-
energy transmutation reactions. The theory of  
low-energy transmutation reactions proposed 
by the author of  this article is presented in 
[7–11].

Below we will discuss the mechanism of  cold 
fusion reactions.

2. FIRST CF EXPERIMENTS
On March 23, 2019, it turned 30 years since 
Martin Fleischman and Stanley Pons announced 
at a press conference that they had executed 
nuclear fusion at room temperature. The 
nuclear fusion reaction was implemented by 
them during the electrolysis of  a solution of  
deuterated lithium hydroxyl in heavy water with 
a palladium cathode (0.1M LiOD in a solution 
of  99.5% D2O + 0.5% H2O) [12]. They reported 
that a significant amount of  excess heat is 
released during electrolysis, which cannot be 
explained by chemical reactions. In addition, a 
weak neutron flux and tritium generation was 
detected in those experiments. Those results 
allowed the authors to draw a conclusion about 
the nuclear origin of  excess heat and to assume 
that the following nuclear reactions take place in 
palladium cathode:
d + d → 3He + n + 3.26 MeV,      (1)
d + d → t + p + 4.03 MeV.       (2)

These reactions are carried out at a low 
deuteron energy, therefore, thanks to journalists, 
this phenomenon is called Cold Fusion.

In Russia, the reaction of  nuclear synthesis 
of  helium from deuterium was carried out by 
Filimonenko I.S. [13] thirty years before the 
press conference of  Fleishman M. and Pons S., 
as early as 1957. The synthesis took place by 

the electrolysis of  heavy water with a palladium 
cathode at a temperature of  ~1150°C. 
Unfortunately, for domestic political reasons, 
all research on this topic was stopped in 1968. 
Work was resumed in 1989-1990 after the press 
conference of  Fleischman M. and Pons S. Three 
therm-emission devices with an electrical power 
of  12.5 kW each were recreated. However, the 
termination of  funding for the project led to 
the loss of  both devices and the technology 
itself. Filimonenko I.S. no longer returned to 
this work and did not share the technology on 
this topic.

It should be noted that, perhaps, thanks to 
the press conference, and not to the “boring” 
article, the message of  Fleischman M. and Pons 
S. provoked a strong reaction from scientists who 
began to check their results all over the world. It 
is noteworthy that from the very beginning of  
their CF research, physicists and chemists did not 
limit themselves to electrolysis with a palladium-
deuterium pair, and, due to their facilities and 
theoretical assumptions about the synthesis 
mechanism, developed new techniques.

Subsequent experiments on CF performed 
by other researchers showed that the ratio of  
the reaction leading to the production of  tritium 
T (2) to the reaction leading to the production 
of  helium 3He (1) reaches values up to 109 

[14]. At conventional thermonuclear fusion, 
both reactions proceed with almost the same 
probability. McKubre M. wrote: “The production 
of  tritium was not only the first solid evidence 
for cold fusion – it was the first modern evidence 
of  condensed matter nuclear” [15].

Soon, helium-4 was found in experiments on 
cold fusion involving deuterium and palladium 
or other metals, such as titanium, nickel and 
zirconium [16]. Further studies have shown that 
the reaction with the release of  4He is the main 
channel in the process of  CF, and the amount of  
4He strictly correlates with the amount of  excess 
heat in the reaction:
d+d→ 4He+23.8 MeV (crystal lattice).      (3)
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“Mil’s results [16], reported at ICCF-2 in 
1991 in Como, Italy, were stunning. When 
excess heat was present in the electrochemical 
experiment, helium-4 appeared approximately 
commensurately in the evolved electrolysis gas. 
When excess heat was not present, neither was 
helium-4. Finally, we had a product that made 
sense thermodynamically and explained the 
absence of  radiation” − stated McKubre M. [15].

In thermonuclear fusion involving two 
deuterons, the reaction with the release of  4He 
is known, but a high-energy gamma quantum is 
always emitted:
d + d → 4He + γ + 23.8 MeV.       (4)

The reaction (4) proceeds at a level of  ~10-7 
from the main channels: (1) and (2). No high-
energy gamma quanta were detected in the CF 
reaction (3).

Note that the replacement of  deuterium with 
hydrogen did not lead, in many experiments, 
to the appearance of  neither excess heat nor 
the appearance of  synthesis products. I.e., no 
assumed reaction: р + р → d + e+ + νe + 0.42 
MeV, other things being equal, was observed.

In [17], “extraneous” chemical elements were 
produced with a glow discharge in deuterium or 
hydrogen plasma with a palladium cathode, with 
predominant synthesis in the case with deuterium. 
The presence of  “extraneous” elements can be 
explained, as mentioned above, by the initial 
activation of  the cathode surface, due to the 
reactions of  cold fusion followed by the launch 
of  low-energy transmutation reactions.

It should also be recalled that in 1992 F. 
Piantelli discovered an anomalously high heat 
release when nickel Ni was saturated with 
hydrogen H2 [18, 19]. Subsequently, those 
experiments formed the basis of  technologies 
for the production of  excess heat produced 
installations of  A. Rossi [20].

3. PARTICIPANTS OF CF REACTIONS
Obviously, the reaction (3) cannot take place for 
kinematic reasons. For this reaction to become 
possible at least one more participant of  reaction 
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“Y” must be available, with which 4He can share 
energy of  23.8 MeV. I.e., reactions (5) or (6) 
should occur:
d + d → 4He + Y + 23.8MeV,      (5)
d + d + Y → 4He + Y + 23.8MeV.        (6)

Let us formulate the requirements for this 
“Y” participant. First, to get its share of  energy, 
it must be “strongly” coupled to the 4He nucleus. 
The “Y” participant must create a potential well 
with a depth of  several MeV for deuterons or 
with deuterons. Secondly, it must be a heavy, 
highly ionizing particle, so that when passing 
through a condensed medium at a short distance 
from the place where the reaction proceeds, it 
was able to loose all energy derived from the 
processes (5, 6). The “Y” participant should not 
fly out of  reaction chamber; otherwise it would 
have been registered by external detectors.

Let us list all possible candidates for the 
role of  “Y” participant: a) atomic electrons; 
b) crystal lattice − as a whole; c) an unknown 
particle born during the reaction; d) a neutral, 
heavy particle with a mass comparable to proton 
mass constantly present in a medium and which 
is manifested in CF reactions only; e) a nuclear 
molecule, which consists of  several deuterons 
(≥ 3); f) atomic nucleus.

a) It was shown in [21] that in nuclear fusion 
reactions occurring in a crystalline solid, the 
solid-state processes of  internal conversion 
involving both individual electrons and the entire 
crystal lattice should be taken into account. 
However, it is impossible to fully explain the 
course of  reaction (3) by the processes of  
internal conversion due to the inhibition in the 
redistribution of  the released energy due to 
electromagnetic interaction between 4He and 
electrons of  the crystal lattice only.

b) The energy released as a result of  CF 
reaction (3) is so great that the effect of  
receiving at least part of  the energy by the entire 
crystal lattice, similar to the Mössbauer effect, is 
impossible.
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per cluster atom) in a wide pressure range with 
cluster sizes of  ~5 nm (50Ǻ) (Fig. 1) [24]. It 
is important to prevent clusters from sticking 
together, which leads to the elimination of  
additional electronic levels. This can be achieved 
by adding an insulating composite to the cluster 
powder of  main element, for example, ZrO2 
cluster powder.

It is curious that nanoclusters of  a 6-7 nm 
size are formed near metal surfaces, simply as a 
result of  heating the sample to a temperature of  
300-400°С [25]! Such nanoclusters levitate over 
a metal surface! If  CF reactions occur in the 
volume of  nanoclusters formed by any method, 
then as a result of  the bombardment of  metal 
surface by reaction products, it is locally heated, 
and both additional local defects and new 
nanoclusters are produced on it. Emerged “hot” 
defects and nanoclusters can become centers 
for the formation of  solid structures and the 
synthesis of  “extraneous” chemical elements in 
low-energy nuclear transmutation reactions [17, 
20, 26].

4. ON POTENTIAL WELL AND 
COULOMB BARRIER
Since all the above d + d reactions proceed at low 
energy of  deuterons, one of  the main problems 
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Fig. 1. The concentration of  deuterons/protons per atom of  
the main element (n*) in a wide range of  their pressure for 

different materials with different grain sizes [24].

c) The birth of  an unknown, heavy, hadronic 
particle in a weakly excited condensed medium is 
not possible for energy reason.

d) The participation of  hypothetical neutral 
or charged heavy hadrons, free or weakly bound 
to atomic nuclei, at low concentrations in the 
substance (10-14 per nucleon) as mediators in CF 
reactions [22] cannot explain the high intensity of  
CF reactions. In case of  their high concentration 
in the substance, they would have been found 
long ago in conventional nuclear reactions.

e) To create a nuclear molecule, which 
consists of  several deuterons, a potential well of  
several MeV in a solid should be formed. The 
deuterons themselves are unable to form such 
a potential well, despite the fact that deuterons 
are bosons.

Thus, the only candidate remaining from the 
list of  possible CF reactions to the role of  “Y” 
is the atomic nucleus.

It was noted that the intensity of  CF reactions 
and, accordingly, the 4He yield increases with 
increasing number of  deuterium atoms per atom 
of  the main element. This increase is achieved 
by using metal clusters of  a size of  several 
nanometers [23]. The nanoscale metallic cluster 
has additional electronic energy levels common 
to all atoms of  the cluster. In a solid metal, this 
is an extended, linear conduction zone. In a 
cluster, these are separate electronic levels. At 
absorption of  D2(deuterium)- or H2(hydrogen)-
molecules by a cluster, the latter dissociate. And 
the formed D-, H-atoms lose their electrons, 
which fill the cluster electronic levels. Thus, in 
the cluster volume, d deuterons and p protons 
are present in the form of  a “gas”. They “freely” 
move in the whole cluster space: they penetrate 
into the electron shell of  main element atom, 
come close to its nucleus and interact with it 
and with similar deuterons or protons. The 
more electrons can be located at cluster levels, 
the higher is the concentration of  protons or 
deuterons per one atom of  main element in 
the cluster. The concentration of  deuterons or 
protons can reach 300% (three d or p nuclei 



129

RENSIT | 2019 | Vol. 11 | No.2

of  cold fusion is the problem of  overcoming the 
Coulomb barrier by deuterons during their fusion.

The reaction (3) is more probable than 
reaction (2), and reaction (2) is more probable 
than reaction (1): W(3) > W(2) > W(1). The 
energies released as a result of  these reactions 
are in the same relation: 23.8MeV > 4.03MeV > 
3.26MeV. A natural solution to the problem of  
overcoming the Coulomb barrier and the ratio 
observed in reaction probabilities would be the 
fact that a potential well of  sufficient depth exists 
in a condensed matter so that two deuterons or 
two protons can get into it and stay in it before 
fusion. Inside such a potential well, protons or 
deuterons will occupy the same energy state, 
with minimal potential energy.

Since reactions (1) and (2) proceed through 
the compound nucleus 4He, (d + d → 4He → 
3He + n + 3.26MeV and d + d → 4He → t + p 
+ 4.03MeV), the CF process can be considered, 
in the first approximation, as the process of  a 
certain alpha decay. First of  all, deuterons must 
get into a potential well. The probability of  
this process is proportional to the probability 
of  one deuteron to get in a potential well and 
is proportional to the number of  deuterons 
per one atom of  main element. Inside the 
potential well, two deuterons merge to create 
an α-particle (4He). Further, the formed 4He 
nucleus tunnels through the potential barrier 
with decay over channels: (1) → 3He + n, (2) 
→ t + p or (6) → 4He (Fig. 2). The probability 
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Fig. 2. 4He tunneling through a potential barrier with 
subsequent decay through channels: 4He →3He + n, 4He 

→ t + p.

of  α-particle tunneling through the barrier is 
known to be proportional to the transparency 
coefficient D:

2

1

exp (2 / ) 2 ( ) ,
r

br
D m U E = − −  ∫  (7)

where m is the mass of  α-particle, Ub is barrier 
height, E is the kinetic energy of  α-particle, 
which approximately can be considered equal 
to the decay energy of  4He. Since the reaction 
energy d + d → t + p +4.03 MeV is greater by 
0.77 MeV than reaction energy d + d → 3He + 
n + 3.26 MeV, the probability of  its realization 
is also greater. The probabilities ratio of  these 
reactions may be several orders of  magnitude. 
For example, the tellurium isotope Te-106 
decays by emitting an α-particle with an 
energy of  Eα = 4.16 MeV and a half  life of  
T1/2 = 0.07ms, and the isotope Te-108 emits 
an α-particle with Eα = 3.32 MeV and with T1/2 
= 3.15s (decay time over α-channel). Thus, the 
probability ratio of  α-decays for two tellurium 
isotopes with energy difference ∆Е = 0.84 
MeV is four and a half  orders of  3.15s/0.07ms 
= 4.5·104.

Therefore, if  the barrier height Ub is greater 
than 3.26 MeV, then the reaction d + d → t + p 
+4.03 MeV prevails over the reaction d + d → 
3He + n +3.26. And the reaction d + d → 4He + 
“Y” + 23.8 MeV becomes dominant, firstly, due 
to the huge energy release and, secondly, due to 
the absence of  further decay of  4He compound 
nucleus (Fig. 2).

However, the crystalline lattice of  a solid 
does not create potential well of  such depth. 
Such a well is formed as a result of  resonant 
interference exchange interaction of  the atomic 
nucleus with deuteron or proton.

5. INTERACTION OF THERMAL 
NEUTRONS WITH NUCLEI
Rukhadze A.A. and Grachev V.I. wrote in the 
article: “LENR in Russia” [27]: “From the first 
steps of  nuclear physics, its development has been 
largely, in General, in two directions – of  high- 
and low-energetic. E. Rutherford (1871-1937), the 



130

No. 2 | Vol. 11 | 2019 | RENSIT

“father” of  nuclear physics who discovered (1919) 
artificial “transmutation of  elements” – nuclei (
14 4 17 1
7 2 8 1N He O H+ → + ), by fast alpha particles, have 
interpreted this “modern alchemistry” as the 
area of  high-energy processes, which opening 
the era of  nuclear power. Available by the time 
the works on nuclear transmutations of  stable 
isotopes in natural conditions, and primarily the 
receipt by the american chemists K. Irion and 
J. Wendt (1922) [28, 29], of  helium in alpha-
decay of  tungsten, induced of  electric explosion, 
Rutherford declared as error. After such a 
statement by E.Rutherford, the low-energy trend 
faded away and “cold” nuclear transmutation 
became “pseudoscience” for many years.”

However, the low-energy processes, of  
course, could not disappear nowhere, they 
simply “disguised” themselves as high-energy 
processes. One such world-famous process 
that laid the foundation for creating an entire 
industry is the process of  resonant absorption 
of  a thermal neutron by atomic nucleus.

Such phenomena as resonant radiation capture 
of  neutron by nucleus and nuclear fission by a 
thermal neutron are widely known. As a result 
of  the radiation neutron capture, an energy of  
~8 MeV is released in the reaction. In this case, 
several gamma quanta are emitted with an average 
energy of  ~2 MeV. In these reactions, radioactive 
isotopes are often formed, experiencing β−− или 
β+−decay. In the process of  fission of  heavy 
nuclei by thermal neutrons, prompt gamma 
quanta, neutrons are emitted, and two radioactive 
fragments are formed. The energy released in the 
process of  nuclear fission, for example: 235U + 
n, is ~200 MeV, and its fission cross-section by a 
thermal neutron is 586 barn.

Both of  these processes with thermal 
neutrons are high-energy processes on the 
output channel. Perhaps that is why there is no 
comparison of  reactions of  cold nuclear fusion 
with reactions of  radiative capture of  a thermal 
neutron and, especially, with nuclear fission in 
the scientific LENR-literature. However, the 
ideology associated with the screening of  a 

proton by an electron: the “transformation” of  
a proton into a neutron is present in theoretical 
models of  the CF [30, 31].

In the input channel, both reactions with 
thermal neutrons are low-energy reactions. And 
the fission of  a nucleus by a thermal neutron 
can be called, just right, a “cold” nuclear fission. 
Indeed, all three processes: radiation neutron 
capture, and “cold” nuclear fission, and cold 
fusion are low-energy processes in the input 
channel, but high-energy processes in the output 
channel. The only difference is that in the first 
two cases a thermal neutron participates in the 
input channel, and either a thermal proton or 
thermal deuteron participates in the third case.

The process of  radiative capture of  a slow 
neutron with the formation of  a compound 
nucleus has a pronounced resonant character 
when the neutron energy is close to one of  the 
values, corresponding to quasistationary state of  
the compound system: the neutron plus the target 
nucleus [32]. The energy level of  neutron resonance 
R-state is characterized by the energy width Γ, which 
is inversely proportional to its lifetime τ =  ћ/Г. 
The level widths of  compound nuclei at excitation 
energies close to the neutron binding energy are 
usually small compared with the distances between 
them. The full width of  the level Γ consists of  two 
parts: the radiation width Гγ and the neutron width 
Гn. The radiation width corresponding to slow 
neutron capture is Гγ ~0.1 eV. The neutron width Гn 
at low neutron energies is proportional to its speed 
and can be much smaller than the radiation width. 
Thus, the full width of  nuclear levels Г = Гγ + Гn at 
excitation energies close to neutron binding energy 
has the order Г~0.1 eV. The distances between 
levels, as shown by numerous experimental data, 
have values of  ~10 eV.

To characterize radiation capture, the 
dependence of  neutron absorption cross-section on 
its energy σ(E) is usually used. The effective capture 
cross-section of  a slow neutron in the presence of  
a single resonance level, which corresponds to the 
resonant energy value E0 and of  the width Гγ, Гn, is 
described by the Breit-Wigner formula:

NUCLEAR PHYSICSGENNADY V. MISHINSKY
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Table
Thermal neutron capture parameters, λ ≈ 2∙105 fm.

Isotope σт, barn Rnucl, fm RТ, fm
6Li 940 2.4 1.2·104

10B 3840 2.8 2.5·104

64Ni 1.49 5.2 340
113Cd 2.06·104 6.3 4.1·104

135Xe 2.65·106 6.7 4.6·105

157Gd 2.54·105 7.0 1.4·105

235U 586 9.3 6.8·103
Fig. 3. The wave function of  the R-state  depending on the 

distance to the neutron.
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Experiments on resonant capture of  thermal 
neutrons show that at energies slightly higher 
than the neutron binding energy, the number of  
R-levels is significant, and the distances between 
them become much less than 1 eV. As is known, 
the majority of  isotopes in the region of  thermal 
energy of  neutrons show noticeable cross-
sections of  their capture. There are isotopes, 
which cross-sections are equal to tens to 
hundreds of  thousands of  barn. If  these cross-
sections σт are reduced to potential interaction 
radii RT (σт = 4πRT

2), then it turns out that the 
radii RT are also thousands or hundreds of  
thousands times greater than the isotope nuclei 
radii Rnucl (see Table). Such increased values 
of  cross-sections are connected with a large 
number of  closely spaced, resonant R-levels and 
are explained by resonant interference exchange 
interaction (RIEX-interaction).

6. RIEX-INTERACTION OF 
NEUTRONS WITH NUCLEI
This article argues that exchange interaction 
takes place both between identical particles and 
between a particle and a resonant R-state.

Neutrons trapped in any medium and 
interacting with its nuclei are finally thermalized, 
acquire the temperature of  that medium. At 
room temperature T = 300K, the average 
neutron energy is E = 0.025 eV, and the neutron 
de Broglie wavelength is λn = h/mυ ≈ 2·105 fm. 
Since neutrons have no charge, they move freely 
in the medium, representing a neutron “gas”. If  
a compound nucleus has a resonance state with 
a neutron, then it begins to interact resonantly 
with that R-state.

The resonant R-state present in the nucleus 
is a certain analog of  the neutron, its “image”. 
This “image” is “identical” to neutron. The 
“image” becomes real when the neutron excites 
the R-state at its wavelength (Fig. 3). Thus, the 
neutron is simultaneously in two states: in its own 
state ( )n nψ  and partially in the R-state ( )R nψ . 
Accordingly, the R-state is also in two states: in 
its own state ( )R Rψ  and partially in the neutron 
state ( )n Rψ . The appeared R-state wave function 
overlaps and interferes with the neutron wave 
function. Thus, a resonant interference exchange 
interaction is generated.

As is well known, there is an exchange 
interaction in quantum physics between identical 
particles, which is characterized by exchange 
energy [33]. The more wave functions of  identical 
particles overlap, the greater is the exchange 
energy value. The exchange interaction between 
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identical particles can have a different character: 
to have either attraction potential or repulsion 
potential. Since the exchange interaction energy 
is an additional contribution to the total energy 
of  overall system, this contribution can be both 
negative and positive. So, this contribution 
is positive in a parahelium atom, in which 
electron spins are antiparallel, - electrons repel 
each other, and this contribution is negative 
in an orthohelium atom with parallel spins of  
electrons - electrons attract each other. When 
two hydrogen atoms interact, on the contrary, 
hydrogen atoms with parallel electron spins 
repel each other, and they attract each other with 
antiparallel electron spins. Such a difference is 
explained by the fact that, in the helium atom, 
the exchange integral of  two electrons has a 
positive value, and for two hydrogen atoms 
the exchange integral of  their electrons has 
a negative value. The latter is associated with 
the Coulomb interaction of  electrons not only 
among themselves, but also with the protons of  
neighboring hydrogen atoms [34].

The exchange energy of  electrons is caused 
by their electromagnetic interaction. But the 
neutron is a neutral particle. However, the 
exchange energy is an additional contribution to 
the total energy of  the system at the same time 
for all fundamental interactions, and not only 
for the electromagnetic interaction. The first 
correction to the system energy ∆E(1) is calculated 
in the perturbation theory by means of  equation 
(8). All fundamental interactions always and 
simultaneously stand in the perturbing potential 
of  interacting particles, including identical 
particles or other “identical objects”: strong 
interaction F, electromagnetic interaction EM, 
weak interaction W and gravitational interaction 
G.

(1)
( , )[ , , , ] ( , )

( , ) ( , )
A B

A B

A B F EM W G A B dV dV
E

A B A B dV dV

ψ ψ

ψ ψ

∗

∗
∆ = ∫

∫
 (8)

where ( , ) [ ]{ }V V
A B A BA B S Sψ ψ ψ=  is full wave function 

of  two resonant interacting, “identical objects” 
A and B, which consists of  spacial [ ]V V

A Bψ ψ  and 

spin {SASB} parts. dVA = dxAdyAdzA, dVB = dxBdyBdzB  
is elementary spatial volume for objects A and B. 
The denominator has normalizing integral.

The spatial region of  exchange interaction 
for all fundamental potentials is determined by 
the lengths of  wave functions of  any resonantly 
interacting “identical objects” A and B, since 
then they are simultaneously in two states: 
proper state  aψ (A), bψ (B) and identical state  

bψ (A), aψ (B). The proper part aψ (A) interacts 
in its place a with the identical part aψ (B), and 
the proper part bψ (B) interacts in its place b with 

bψ (A). Thus, due to the resonant interference 
exchange interaction, the short-range strong and 
local weak interactions become “long-range” 
interactions.

For interacting neutron and R-state, their 
full wave function ( , ) [ ]{ }V V

n R n Rn R S Sψ ψ ψ=  and the 
potential making the main contribution to the 
exchange energy is the strong interaction F:

(1)
( , )[ ] ( , )

.
( , ) ( , )

n R
nR

n R

n R F n R dV dV
E

n R n R dV dV

ψ ψ

ψ ψ

∗

∗
∆ = ∫

∫
 (9)

Since the total wave function of  two fermions 
should be an antisymmetric function, either 
the spatial wave function [ ]V V

n Rψ ψ  should be 
antisymmetric and the spin wave function {SnSR} 
symmetric (10a,b,c), or vice versa (10d). Thus, for 
neutron and R-state, the following combinations 
are acceptable:
[ ( ) ( ) ( ) ( )][{ ( ) ( )},n R n Rn R R n S n S Rψ ψ ψ ψ + +− (10a)

[ ( ) ( ) ( ) ( )][{ ( ) ( )},n R n Rn R R n S n S Rψ ψ ψ ψ − −−  (10b)
[ ( ) ( ) ( ) ( )]
{ ( ) ( ) ( ) ( )},

n R n Rn R R n
S n S R S n S R

ψ ψ ψ ψ
+ − − +

− ×

× +
 (10c)

[ ( ) ( ) ( ) ( )]
{ ( ) ( ) ( ) ( )}.

n R n Rn R R n
S n S R S n S R

ψ ψ ψ ψ
+ − − +

+ ×

× −
 (10d)

The energy of  a strong perturbation F 
depends on spin variables. However, suppose 
that the perturbation F does not change 
the orientation of  neutron spin and R-state. 
Therefore, when averaging the spin wave 
functions in the numerator and the denominator 
(9), the same factors appear, which are reduced. 
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As a result, ( , )n Rψ  corresponds to the parts of  
wave functions (10), depending on coordinates   

( , )n Rψ  = [ ]V V
n Rψ ψ  only. Then:

[ ] [ ] ( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

[ ( ) ( ) ( ) ( )
( ) ( ) ( ) ( )].

V V V V
n R n R n R n R

n R n R

n R n R

n R n R

n R n R
R n R n
n R R n
R n n R

ψ ψ ψ ψ ψ ψ ψ ψ

ψ ψ ψ ψ

ψ ψ ψ ψ

ψ ψ ψ ψ

∗ ∗ ∗

∗ ∗

∗ ∗

∗ ∗

= +

+ ±

± +

+

(11)

The function integral in square brackets is the 
exchange integral. The plus sign in front of  the 
square bracket in equation (11) corresponds to 
the symmetric coordinate wave function (10d), 
the minus sign corresponds to antisymmetric 
wave function in (10a,b,c).

The integrals of  the first two terms (11) 
characterize the strong interaction F at a distance 
exceeding its action between neutron and R-state, 
as well as between the part of  neutron in R-state 
and part of  R-state in the neutron. Therefore, 
these integrals are equal to zero.

2 2

2 2

( ) ( ) 0,

( ) ( ) 0.

n R n R

n R n R

n F R dV dV

R F n dV dV

ψ ψ

ψ ψ

=

=

∫
∫

 

Thus, we can consider that in the numerator 
(9) for strong interaction:
[ ] [ ]

[ ( ) ( ) ( ) ( )
( ) ( ) ( ) ( )].

V V V V
n R n R

n R n R

n R n R

n R R n
R n n R

ψ ψ ψ ψ

ψ ψ ψ ψ

ψ ψ ψ ψ

∗

∗ ∗

∗ ∗

=

= ± +

+

 (12)

Potential F is negative. The exchange integral 
in this case also has a negative value. Therefore, 
a neutron (spin s = 1/2) and a nucleus with 
R-state are attracted to each other when their 
spatial wave function is symmetric (plus in front 
of  square bracket in (12)) and their spins are 
antiparallel.

The intensity of  neutron excited R-state, 
and, consequently, the amplitude of  its wave 
function ( )R rψ  is determined by the amplitude 
of  the neutron wave function ( )n rψ  in the 
region of  nucleus at a distance r from it (Fig. 
3) and is proportional to some coefficient K: 

( )R rψ  = K ( )n rψ or ( ) ( ).R nR K nψ ψ=  As the 
neutron approaches the nucleus, the intensity 

of  the R-state will increase. The overlap of  
the neutron wave functions and the R-state 

2( ) ( ) | ( ) | .n R nr r K rψ ψ ψ=  will increase. It can 
be seen that the overlap increases in proportion 
to the neutron density | ( )n rψ |2 at a distance r 
from nucleus.

The value of  coefficient K depends on the 
affinity of  R-state with neutron. This affinity 
is determined, in addition to the coincidence 
of  their energy, by coincidence of  their spins, 
parities. The value of  coefficient K also depends 
on the oscillator strength of  R-state. Thus, the 
coefficient K depends on the properties of  
a particular isotope with which the neutron 
interacts. For two neutrons and two protons in 
identical states, the coefficient K equals to one 
K = 1. Due to the charge independence of  the 
strong interaction, K = 1 for neutron-proton 
pair and for deuteron. For interacting neutron 
and R-state, the coefficient K for most isotopes 
will generally be less than one K < 1. It can be 
greater than one K > 1, in case when the R-state 
has a collective nature.

The wave function of  R-state 
( ) ( )R Rr Rψ ψ≡  will be present in the neutron 

state ( )n Rψ  with the same coefficient K: 
2( ) ( ) ( ),n R nR K R K nψ ψ ψ= = ( ) ( ).R RR nψ ψ≡  

The overlap of  their wave functions, 
3 2 3 2( ) ( ) ( ) ( ) | ( ) | | ( ) | ,n R n R n nR R R n K n K rψ ψ ψ ψ ψ ψ≡ = ≡  

and it also increases in proportion to the neutron 
density | ( )n rψ |2 at a distance r from the nucleus. 
Consequently, the integral of  (12) and the energy 
of  the exchange interaction ∆E(1)(r) (9) are written:

(1)
nRE∆  ~ 

2 2 3 22 ( ) ( )n n nK r F r K d Vψ ψ∫     (13)
As strong interaction is a short-range 

interaction, the integral (13) is important only 
in a volume of  nucleus VA, whose diameter is 
equal to ØA. Therefore, the action magnitude 
of  F in the exchange interaction of  neutron 
with R-state on the entire interval L - from the 
start of  this interaction to the nucleus, will be 
considered constant: FR = const. I.e., FR does not 
depend on the distance r between the neutron 
and the nucleus. The gap L is related to neutron 
wavelength as L ~ K4·λn.
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Since ( )n rψ  >> ØA, than ( )n rψ  = const 
in a volume equal VA. It follows from (13) 
that exchange interaction energy ∆E(1)(r) is 
proportional to squared neutron density in the 
region of  nucleus  2( )

A
n V

rψ  when the neutron is 
located at a distance r to it.

( ) ( )A
nRE r∆  ~ 

2 24 22 ( ) ( ) ,
A

n R n n
V

K r F r d Vψ ψ∫
( ) ( )A
nRE r∆  ~ 44 22 ( ) .

A

R n n
V

F K r d Vψ ∫      (14)

The integral in (14) is squared nuclear volume. 
It is proportional to squared mass number of  
the nucleus ~ρM2. Let's introduce the notation 
U, which includes 2FR, ρ and the normalization 
integral (9).

4( ) 4 2( ) ( ) .A
nR nE r UK M rψ∆ =  
Let's estimate the value of  U, which 

characterizes the potential of  strong interaction. 
In the theory of  a deuteron, at nuclear potential 
well radius of  1.45-1.7 fm, the well depth is 50-
35 MeV. This value characterizes the potential 
of  a neutron-proton strong interaction. In the 
deuteron, the neutron density is | ( )n rψ |2 = 1, 
the coefficient K = 1, and M2 = 4. Then U = 
9-12 MeV.

When a neutron interacts with R-state, its wave 
function is transformed from a plane wave into a 
bound state wave function. The orbital moment 
of  a thermal neutron interacting with nucleus 
is ℓ = 0. Therefore, we represent the neutron 
wave function ( )n rψ  in the form of  radial part 
of  the S-wave function of  electron located on 
orbital with radius a0, which rotates around a 
nucleus with quantum numbers n = 1 and ℓ = 0. 
The density distribution of  such an electron in 
the radial direction is characterized by function 

2
0( ) [ exp( 2 / )],P r C r r a= − , where С is normalization 

constant, a0 is electron orbital radius [34]. The 
red line in Fig. 4 represents, in relative units, the 
values of  the function from nucleus to a0 (500 
fm); the green line gives the neutron density in the 
region of  nucleus when neutron is at a distance 
r from nucleus: | ( )n rψ |2 = P(a0 - r) and the blue 
line gives the exchange interaction potential 

(1) 2
0( ) [ ( )]nRE r P a r∆ = − −  (the values a0 = 500 fm and 

UK4M2 = −2 MeV are chosen arbitrarily).
Thus, when a neutron interacts with R-state at 

a distance of  L ~ K4·λn to the nucleus, a potential 
pit is formed, which depth is equal to UK4M2 
(Fig. 5). Distance L can also be correlated with 
potential interaction radius RT (see Table). The 
red line in Fig. 5 represents the nuclear potential 
of  nickel, for example, 64Ni с RT = 340 fm (see 
Table), the blue line represents the potential of  
RIEX interaction, and the green line represents 
the summarized potential (the value UK4M2 = 
−2 MeV is chosen arbitrarily).

Once in the potential pit, the neutron is in a 
region below neutron binding energy, where the 
density of  neutron energy levels is significant, 
and, therefore, the resonant interaction of  
neutron with them is also large. Thus, the neutron 
“rolls”, like downhill, along a potential pit into 
a potential well of  the nucleus. Consequently, 
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Fig. 5. Red line - nuclear potential  Ni; blue − RIEX 
potential Ni-n; green - total potential Ni+n.

Fig. 4. The red line is the radial density of  the orbital 
electron; green − the density of  a neutron located at a distance 

r from the nucleus; blue − RIEX potential.
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Fig. 6. The levels of  the compound nucleus N + p (d) beyond 
the Coulomb barrier and the interaction with them of  a proton 

or deuteron.

the neutron is captured by nucleus, due to the 
resonant interference exchange interaction, at a 
distance L ≈ RT.

7. RIEX INTERACTION OF PROTONS 
AND DEUTERONS WITH NUCLEI
Unlike neutron, proton and deuteron have 
electric charge that prevents them from 
approaching the nucleus. On the way to the 
nucleus, proton and deuteron meet a Coulomb 
barrier. If  for resonant neutron capture it is 
necessary for the corresponding compound 
nucleus to have resonant R-states, then for the 
proton and, apparently, for the deuteron behind 
the Coulomb barrier of  the compound nucleus 
there is a large number of  resonance levels, up 
to the height of  Coulomb barrier (Fig. 6). A 
proton, once in resonance with one of  these 
R-levels, begins to RIEX-interact with it. It is 
noteworthy that the proton energy can be from 
thermal energy to energy equal to the height of  
Coulomb barrier. Therefore, losing energy when 
approaching the nucleus, the proton, thereby, 
scans the energy levels of  nucleus beyond the 
Coulomb barrier, until it gets into resonance 
with a suitable R-level (Fig. 6). The resultant, 
due to the exchange interaction, attraction force 
of  the proton to the nucleus, increases the 
proton energy, bringing it out of  resonance. The 
appeared Coulomb braking returns the proton 
back into resonance with R-level. Thus, the 

energy of  a proton that got into resonance with 
a suitable R-level remains constant.

For interacting proton and R-state, their total 
wave function is ( , ) [ ]{ }.V V S S

p R p Rp Rψ ψ ψ ψ ψ= . Just like 
a neutron, a proton (spin s = 1/2) and a nucleus 
with R-state are attracted to each other when 
their spins are antiparallel and their spatial wave 
function is symmetric

And since proton and deuteron have an 
electric charge equal to one +1, then both strong 
F and electromagnetic, namely Coulomb EM = 
k·q2/rpN, interactions will make up the disturbing 
potential:

(1)
( , )[ , ] ( , )

.
( , ) ( , )

p R
pR

p R

p R F EM p R dV dV
E

p R p R dV dV

ψ ψ

ψ ψ

∗

∗
∆ = ∫

∫
Since strong interaction does not depend on 

the charge, than

(1) (1) (1)

2
(1)

( , )[ ] ( , )

( , ) ( , )

( , )[ / ] ( , )
,

( , ) ( , )

p R
pR F EM

p R

pN p R
F

p R

p R F p R dV dV
E E E

p R p R dV dV

p R kq r p R dV dV
E

p R p R dV dV

ψ ψ

ψ ψ

ψ ψ

ψ ψ

∗

∗

∗

∗

∆ = ∆ + ∆ = +

+ ≈ ∆

∫
∫

∫
∫

 

where k = 1/4πε0 = 8.99·109 N·m2/C2 (ε0 = 
8.85·10−12F/m – electric constant), rpN is a distance 
between proton and nucleus, q = 1.6022·10−19 
C is proton charge. Note that the potentials of  
strong and electromagnetic interaction have 
opposite signs.

Let us estimate the energy contribution of  
Coulomb interaction to the exchange energy. 
The ground state of  parahelium atom 2Ea + С 
+ А, 11S0 has energy of  79.0 eV. “А” is exchange 
energy. “C” is the energy of  usual Coulomb 
repulsion of  electrons. 2Ea is the electron energy 
without taking into account their interaction, 2Ea 
= 2·54.4 = 108.8 eV is the doubled ionization 
energy of  helium ion He+. Electrons in 11S0 are 
in the same state and for them “A” = “C” = 
15 eV [34]. The parahelium diameter is DHe = 
62000 fm. As will be seen below, thanks to the 
RIEX interaction, a proton (deuteron) creates a 
bound, nuclear molecule with the target nucleus 
(Fig. 6). Estimates showed that the radius of  the 
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proton orbitals in a nuclear molecule (Fig. 7) 
is, for different nuclear charges, in the range Rp 
= 50-150 fm for UK4M2 ~ −2 MeV. It is clear 
that bottom position and potential well depth 
depend on the value UK4M2. The ratio DHe/Rp  is 
three orders of  magnitude; accordingly, the ratio 
in energies will have the same value. Thus, the 
energy contribution of  the exchange Coulomb 
interaction (1)

EME∆  ~15 keV to the total exchange 
energy, as compared with the strong interaction 
UK4M2 ~−2 MeV, can be neglected. Energy 
contributions from weak W and gravitational G 
interactions can also be neglected. But it should 
be remembered that they are always present in 
the perturbing potential of  exchange interaction.

Let us produce for the proton or deuteron 
with wave function ( )p rψ  the same procedures 
as for the neutron, relative to the energy of  
its exchange interaction with the R-state. 
Then ( ) 4 2 4| ( ) | .A

pR pE UK M rψ∆ =  As a result, a 
“exchange” potential well forms at the Coulomb 
barrier (Fig. 7). It should be emphasized that 
the emerging nuclear molecule is formed as a 
result of  a strong interaction between proton 
and nucleus, and not due to the electromagnetic, 
collective response of  internal atomic electrons, 
which shield the slow proton charge [35]. The 
red line in Fig. 7 represents the nuclear potential 
of  nickel Ni plus Coulomb potential Ni + p, the 
blue line represents the RIEX potential (values 

400 fm and UK4M2 = −2 MeV are chosen 
arbitrarily) and the green line shows summarized 
potential.

Such a picture resembles the double-humped 
barrier present in spontaneous fission isomers 
(SFI) in the region of  nuclei of  transuranium 
chemical elements with a nuclear charge of  92 
to 97 [36]. The states of  spontaneous fission 
isomers are characterized by a high degree 
of  deformation. Therefore, sometimes SFI 
are called shape isomers. The nature of  SFI is 
associated with nuclear shell corrections, which 
give their energy contribution, in calculating the 
potential fission barrier for heavy nuclei, which 
are performed in the framework of  the droplet 
model. The excitation energy of  shape isomers 
is from 2 to 4 MeV, and the half-lives vary from 
nanoseconds to milliseconds.

Unlike SFI, which potential well is above 
the potential energy zero line, the exchange 
potential well is located below the zero line. 
Therefore, a proton or deuteron that hits it, 
remains in it and creates a nuclear molecule with 
a target nucleus. Another important condition is 
needed for the formation of  nuclear molecule: 
it is necessary that the nucleus on the inside of  
its Coulomb barrier has resonant R-states with a 
proton (deuteron) located in the well on barrier 
outside (Fig. 6). This condition is satisfied when 
the width of  the proton or deuteron level in 
the exchange potential well is greater than the 
distance between the resonant R-levels on the 
inner side of  the barrier. This is realized when the 
exchange potential well is wide and not deep. A 
thermal proton or deuteron, as well as a thermal 
neutron, is captured by the nucleus into this 
potential well at a distance L. When a neutron 
or proton, deuteron is captured, they transfer 
between levels in a potential pit or in a potential 
well of  a nuclear molecule with electromagnetic 
radiation in the range from thermal waves to 
X-ray quanta. Protons, deuterons will radiate in 
the same range when braking in the Coulomb 
field of  the nucleus (Fig. 6) [37-40, 43].

GENNADY V. MISHINSKY

Fig. 7. Red line - nuclear plus Coulomb potentials  Ni+p; 
blue − RIEX potential Ni-p; green - total potential Ni+p.
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Thus, the resonant interference exchange 
interaction between a proton or deuteron and 
the R-state creates an exchange potential well on 
the Coulomb barrier of  nucleus A. As a result, 
a nuclear molecule is formed: A + p or A + d. 
The lifetime of  such a molecule is determined 
by the transparency of  Coulomb barrier (7). It 
is obvious that electronic levels in the nuclear 
molecule ZA+p shift relative to electronic levels 
in the atom Z+1B, where Z is the nuclear charge.

At a high concentration of  protons 
(deuterons) per one nucleus of  the main element 
a second proton or a second deuteron can get 
into in exchange well: A + p + p or A + d + 
d. Protons-fermions in the ground state will 
have antiparallel spins in the well, deuterons-
bosons can have differently directed spins, since 
deuteron levels are closely spaced triplet states 
(Sd = 1, mS = +1, 0, -1).

As a result, a possibility for cold fusion 
reactions opens up (Fig. 6):
d + d + A → 4He + A + 23.8MeV,   (15)
p + p + A → d + e+ + νe +A + 0.42MeV.  (16)

The reaction (16) with positron emission can 
be strongly decelerated because of  the need to 
fulfill the angular momentum conservation law. 
Strong deceleration of  reaction (16) opens up the 
possibility of  a reaction with orbital K-electron 
capture:
p + p + e− + A → d + νe + A + 1.44 MeV (17).

It is clear that, other things being equal, the 
registration of  released energy and the detection 
of  deuterons during that reaction are difficult 
compared with reactions (15 and 16) (e+ + e− → 
2γ + 1.022 MeV). Perhaps, it is for that reason 
that the reaction (17) cannot be registered in 
experiments.

Fig. 7 shows that for a proton or deuteron 
located in the exchange well, the transparency 
of  the Coulomb barrier increased (7) as the 
height and width of  the barrier decreased. In 
addition, the permeability of  the barrier should 
additionally increase due to the existing resonant 
levels on the inner side of  the Coulomb barrier 
[41]. Recall that the probability of  absorption 

of  a neutron by a nucleus, among other things, 
depends on the probability of  gamma transitions 
(~8 MeV), when the neutron “descends” to 
the ground state from upper level at which 
it was captured. The probabilities of  gamma 
transitions are strongly suppressed, since they 
are carried out by electromagnetic, rather than 
strong, interactions. In the case when there are 
two protons (deuterons) in the exchange well, 
the probability of  tunneling one of  the protons 
through the Coulomb barrier directly into the 
ground state of  the compound nucleus without 
gamma transitions appears (Fig. 6). This reaction 
becomes possible due to the strong interaction 
of  protons with the nucleus and the reaction 
pulse transfer to the second proton:
p + p + ZA → Z+1B + p + Q,    (18)
where Q is energy released in the reaction. With 
such a transition to ground state, the Z+1B nucleus 
may turn out to be beta β+-radioactive nucleus. 
Since the disturbing potential of  the exchange 
interaction includes a weak interaction W, the 
reaction can proceed with the capture of  the 
orbital K-electron. Then the reaction produces 
a stable isotope.
p + p + e− + ZA → ZAstable + p + Q.    (19)

It is such reactions (18, 19) that can explain 
the appearance of  stable copper isotopes in the 
Ni + p reaction with a changed isotope ratio in 
nickel [19, 20].

Obviously, with the preservation of  
coefficients UK4M2, the barrier transparency 
also increases at nuclear charge decrease. Fig. 8 
shows the formation of  an exchange potential 
well for titanium Ti, and Fig. 9 - for lithium Li 
with coefficients UK4M2 = −2 MeV and UK4M2 
= −0.7 MeV, respectively. The red line in Fig. 
8, 9 is nuclear potential plus Coulomb potential 
of  Ti+p and Li+p, the blue line is the RIEX 
interaction potential (values of  400 fm and 300 
fm and UK4M2 are chosen arbitrarily) and the 
green line is summarized potential.

For lithium, the resonant proton is 
surprisingly absorbed by the nucleus without 
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Coulomb barrier, like a resonant neutron, if  
the coefficient |UK4M2| exceeds the height of  
Coulomb barrier |UK4M2| > 0.5 MeV (Fig. 9). 
For lithium and boron (5B), exchange barrier or 
barrier-free transitions are all the more likely 
because they can occur with one proton or one 
deuteron, since the compound nucleus decays 
into fragments [20, 42]. No energy mediator 
“Y” is needed in these reactions. The height of  
boron Coulomb barrier is 0.9 MeV. Thermal 
neutron capture cross-section is σт(

6Li) = 940 
barn, σт(

10B) = 3840 barn (see Table).
6Li + d → 4He +·4He + 22.37MeV,
7Li + p → 2·4He + 17.35MeV,
10B + d → 3·4He + 17.9MeV,
11B + p → 3·4He + 8.68MeV.

However, both for neutrons and for protons 
and deuterons, there seems to be a limited 
number of  isotopes that have significant potential 
for RIEX interaction with a large UK4M2 
coefficient and which are capable of  forming 
a deep exchange nuclear well with protons and 
deuterons. Most isotopes have probably small 
coefficient K: K <1 and K << 1. Therefore, not 
a deep potential well, but a shallow potential 
“pool” is formed in some of  them as a result 
of  the RIEX interaction (Fig. 10). The bottom 
of  such a “pool” and corresponding levels of  
protons (deuterons) in it can exceed the zero 
line of  potential energy. The lifetime of  such a 
nuclear molecule, the residence time of  protons 
and deuterons in such a “pool” are supposed to 
be limited. And if  external conditions change 
and do not allow to reproduce again unstable 
nuclear molecules, they disappear in some time 
[43].

Since the proton and neutron in the deuteron 
have a noticeable probability of  ~65% to be 
outside the nuclear potential well, i.e. to stay in 
a quasi-free state for some time, the proton and 
neutron can be assumed to interact independently 
with their R-states. It follows from this that 
cold fusion reactions on deuterons should have 
noticeable cross-sections on isotopes, for which 
the neutron resonance absorption cross-sections 
are also significant (see Table).

GENNADY V. MISHINSKY

Fig. 10. Formation of  a potential “pool”. Red line - nuclear 
plus Coulomb potentials 56Ba; blue − RIEX potential; green 

- total potential.
Fig. 9. Red line - nuclear plus Coulomb potentials  Li+p; 
blue − RIEX potential Li-p; green - total potential Li+p.

Fig. 8. Red line - nuclear plus Coulomb potentials  Ti+p; 
blue − RIEX potential Ti-p; green - total potential Ti+p.
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The possibility of  a proton and a neutron 
to be outside the nuclear potential well of  the 
deuteron can be interpreted as the existence of  
RIEX interaction between them. Neutron and 
proton spins in the deuteron are parallel, and 
their spatial wave function is symmetric. At 
that, their total wave function is antisymmetric 
because of  the antisymmetric isotopic spin part 
of  their wave function - n,p.

Based on the isotopic invariance of  strong 
interaction, it can be assumed that proton can 
resonantly interact with neutron R-levels, both 
located behind the Coulomb barrier (Fig. 6) 
and those of  isotopes with significant resonant 
absorption of  neutrons (see Table) [43].

8. CONCLUSION
Several conditions should be met for the 
implementation of  cold fusion reactions. First 
of  all, it is necessary that the molecules of  
hydrogen or deuterium dissociate into atoms in 
a condensed solid or liquid matter.

It also requires that hydrogen or deuterium 
atoms in a condensed matter transform into 
protons or deuterons. It is important that 
protons or deuterons have maximum possible 
concentration (> 2) per nucleus of  main element. 
The latter is achieved either by electrolysis or 
electrical discharge by means of  saturating the 
cathode material with protons or deuterons, or 
by high hydrogen (deuterium) pressure or by 
nanoclustering the substance, or by its melt, or 
by aqueous solution of  a substance in which 
hydrogen atoms are present in the form of  
proton, including biological systems [12, 13, 17, 
19, 20, 23-26, 37-40, 42-47].

For CF reactions, it is absolutely necessary 
that the protons or deuterons incident on the 
nucleus have R-levels resonant with a compound 
nucleus. Due to the existence of  R-levels 
between the nucleus and the proton (deuteron), 
a resonant interference exchange interaction 
arises, the disturbing potential of  which are 
all types of  interactions simultaneously. The 
disturbing potential that makes the main 

contribution to the exchange energy is strong 
interaction. The spatial domain of  the resonant 
interference exchange interaction is related to 
the wavelength of  the proton (deuteron) as L = 
K4λp. The value of  coefficient K depends on the 
affinity of  R-state with a proton (deuteron).

The exchange energy between the proton 
(deuteron) and the compound nucleus with 
the R-state makes an additional contribution 
to the energy of  their Coulomb and nuclear 
interaction. Due to this exchange energy, an 
exchange potential well appears on the Coulomb 
repulsion barrier. A proton (deuteron), trapped 
in exchange well, forms a nuclear molecule with 
a nucleus, and it can tunnel through a reduced 
Coulomb barrier in the case when a compound 
nucleus decays into two or three fragments.

The probability of  passing through the 
Coulomb barrier for the proton also increases 
when a second proton enters the exchange well, 
which can perform the function of  an energy 
mediator in the reaction.

In the case when there are two protons or two 
deuterons in the exchange well, they can merge. 
Thus, cold fusion reactions begin in condensed 
matter.

The exchange interaction represents a purely 
quantum effect, which disappears with the limiting 
transition to classical mechanics. Up to now, the 
exchange interaction has been considered as an 
interaction between identical particles. This article 
argues that the resonant interference exchange 
interaction does exist. The RIEX interaction 
is an exchange interaction between any object 
and resonant R-state belonging to any system. 
RIEX interaction is a development of  resonant 
synchronization principle and its mechanism 
[48, 49]. All fundamental interactions form 
simultaneously the disturbing potential of  the 
RIEX interaction: strong, electromagnetic, weak, 
and gravitational (8). The spatial domain of  the 
resonant interference exchange interaction for 
all fundamental potentials is determined by the 
lengths of  the wave functions for any resonantly 
interacting “identical” objects. Due to the RIEX 
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interaction, the short-range strong and local weak 
interactions become “long-range” interactions.

The formulated RIEX interaction goes 
beyond pure quantum effects. Resonance is 
nothing else but RIEX interaction.

The world around us consists of  identical 
particles: protons, neutrons and electrons, which 
in turn form identical objects and identical 
systems. All types of  fundamental interactions 
occur between identical particles, objects, 
systems including the RIEX interaction. The 
RIEX-interaction on a par with other interactions 
creates the Universe. It is a Universal interaction 
because it includes all other Four interactions.

Resonant Interference Exchange interaction 
is the Fifth type of  interaction.
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