
1 
 

Original Research Paper. 1 
 2 

METASTABLE NON-NUCLEONIC STATES OF NUCLEAR MATTER: 3 
PHENOMENOLOGY  4 

 5 
 6 
A hypothesis of the existence of metastable states for nuclear matter with a locally shaken-up 7 
nucleonic structure of the nucleus, was proposed earlier. Such states are initiated by inelastic 8 
scattering of electrons by nuclei along the path of weak nuclear interaction. The relaxation of 9 
such nuclei is also determined by weak interactions. The use of the hypothesis makes it 10 
possible to physically interpret a rather large group of experimental data on the initiation of 11 
low energy nuclear reactions (LENRs) and the acceleration of radioactive α- and β-decays in 12 
a low-temperature plasma. The possible mechanisms of LENRs implemented in a Rossi E-13 
CAT reactor are discussed. It is also suggested that the metastable isu-states of a different 14 
type occur as a result of high-energy collisions of particles, when heavy hadrons (baryons, 15 
mesons) are formed in the collisions of protons with characteristic energies higher than 1 16 
TeV. This kind of concept makes it possible to physically interpret the recently recorded 17 
anomaly in the angular −+ee  correlations of positron-electron pairs emitted in the radioactive 18 
decays of excited 8Be nuclei formed by the interaction between protons with kinetic energy ~ 19 
1 MeV and 7Li nuclei. Previously a hypothesis of the existence of yet another, fifth 20 
fundamental interaction, in addition to the strong/weak nuclear, electromagnetic, and 21 
gravitational interactions, was introduced to explain this anomaly.  22 
 23 
 24 
Keywords: metastable non-nucleonic states of nuclear matter; low energy nuclear reactions; 25 
heavy hadrons; heavy quarks; inner shake-up state of nuclear matter. 26 
 27 
1. INTRODUCTION  28 
 29 
Recent studies [1], [2] suggested that there might be a fifth fundamental interaction, in 30 
addition to the strong/weak nuclear, electromagnetic, and gravitational ones. They were 31 
initiated by the study [3], in which the authors studied the radioactive decays of excited 8Be 32 
nuclei with energies of 17.64 and 18.15 MeV, formed in the interaction of protons with 33 
kinetic energy Ep = 1.10 MeV and 7Li nuclei, using LiF2 and LiO2 targets. The above excited 34 
states were recorded as resonances at Ep = 0.441 MeV and Ep = 1.03 MeV in the process 35 

BepLi 87 ),( γ under study. The authors [3] studied the formation of a positron-electron pair 36 
+e – −e  resulting from the internal conversion that accompanies the birth of two α -particles 37 

in the radioactive decay of the 8Be nuclei. They expected a sharp drop in the probability of 38 
the correlated formation of an +e – −e  pair as the opening angle Θ  between positrons and 39 
electrons in the laboratory frame of reference increases. However, they recorded an 40 
“anomalous” increase in the angular function within an angular range of Θ  ~ 130-1400, 41 
considering this anomaly as a result of the formation of the −+ee  pair in the decay of a 42 
hypothetical neutral isoscalar boson formed in the above process, with a rest mass equal to 43 
16.7 MeV/c2, where с is the speed of light in vacuum. In this decay, the opening angle would 44 
be 1800 in the system of the center of mass of the −+ee  pair. It was suggested that the 45 
introduced isoscalar boson, with its expected lifetime of ~ 10-14 s, might be a good candidate 46 
for the relatively light gauge boson performing the role of the mediator in the secluded 47 
WIMP dark matter scenario. However, the later analysis [1], [2] showed that the 8Be 48 
anomaly, which is consistent with all existing experimental constraints, can be adequately 49 
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interpreted only when one puts forward a hypothesis of existence of another type of boson, a 50 
protophobic gauge vector boson X, which is produced in the decay of the excited state of 51 
8Be* down to the ground state, 8Be* → 8Be*X, and then decays as X → −+ee . It is the boson 52 
that could be related to the elusive dark matter in the Universe. According to [1, 2], this 53 
gauge boson, with a mass of about 17 MeV/c2, is the mediator of the weak force. The boson 54 
has milli-charged couplings to up and down quarks and electrons, but with relatively 55 
suppressed (and possible vanishing) couplings to protons (and neutrinos) relative to neutrons, 56 
i.e. it interacts with neutrons but is “protophobic” and ignores protons. The latter allows one 57 
to explain why the X boson might have avoided earlier detection. It was shown that the 58 
Standard Model can be easily extended to accommodate a light gauge boson with 59 
protophobic quark couplings [2]. As a result, the postulated boson was associated with a new, 60 
fifth, fundamental interaction, which should be introduced into the physical science [1], [2]. 61 
 62 

It will be shown below that the recorded anomalies in the angular −+ee  correlations in 63 
the radioactive decay of excited 8Be nuclei can be qualitatively interpreted on the basis of a 64 
new concept rather than the fundamental hypotheses made in [1], [2]. We assume that 65 
metastable states can occur in the nuclear matter when the mass of the nucleus is insufficient 66 
to bind a part of the quarks into nucleons, which gives rise to local shake-ups in the nucleonic 67 
structure of the nucleus. For these anomalous excited states, the relaxation dynamics of the 68 
nuclei crucially depends on the weak nuclear interaction. Earlier, this assumption made it 69 
possible to physically interpret a rather large set of experimental data on the initiation of 70 
LENRs and acceleration of radioactive α- и β-decays in a low-temperature plasma. It will be 71 
shown that such states of the nuclear matter with a shaken-up nucleonic structure can occur in 72 
the high-energy collisions of nuclei too, such as protons in the colliding beams with 73 
characteristic energies higher than 1 TeV. The concept to be introduced will allow one to 74 
understand why the decay of highly excited hadrons (baryons, mesons) formed in these 75 
collisions is effectuated by the weak nuclear interaction. 76 

 77 
2. ELECTRON FACTOR IN INITIATING NUCLEAR PROCESSES  78 
 79 
Phenomenological approach [4]-[7] implies that the dynamic interrelation between the 80 
electron and nuclear subsystems of an atom, which is mediated by the electromagnetic 81 
component of the physical vacuum (EM vacuum), is the key factor in initiating LENRs [8]-82 
[12] and the radioactive decay of nuclei [5], [8], [13]. This interrelation manifests itself in 83 
experimentally recorded facts that the occurrence of radioactive decay of nuclei is accounted 84 
for by the positive difference between the total mass of the initial atom subsystems, electron 85 
and nuclear (whole atom rather than the nucleus alone), and the total mass of its decay 86 
products [14], [15]. When the mechanisms of LENRs and the decay of atomic nucleus NA

Z  87 
(Z and A are the atomic and mass numbers of the nucleusN , respectively) are considered, 88 
the nuclear matter is usually represented in the form of interacting nucleons. In the K-capture, 89 
however, when the electron of the inner shells of an atom interacts with the surface of the 90 
nucleus, giving rise to a new daughter nucleus, the nucleonic structure of the nuclear matter is 91 
unchanged. At the initial irreversible stage of this process, the electron interacting with the 92 
nucleus surface emits a neutrinoν . The resulting virtual vector −W -boson, integrated into the 93 
nuclear matter, interacts with the u-quark of one of the protons and is converted to a d-quark. 94 
As a result, this proton is converted to a neutron, and a nucleus MA

Z-1  is formed. However, the 95 
situation can drastically change when the K-capture is energetically forbidden, which are the 96 
cases under consideration below, and the electron can acquire a rather high (on chemical 97 
scales) kinetic energy Ee ~ 3-5 eV, which can occur in a low-temperature plasma. In this case, 98 
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when the electron shells are not yet ionized by these electrons, the scattering of electrons with 99 
the above kinetic energy (de Broglie wavelength λ ≈ 0.5 nm) by atoms and ions initiates the 100 
oscillation of the electron subsystems of the atoms and ions, increasing the probability of 101 
interaction between the electrons of the inner subshells of the atoms and ions and their 102 
respective nuclei. 103 

The first, irreversible stage of this interaction is characterized by the emission of a 104 
neutrino ν  and the integration of a vector −W -boson into the nuclear matter of the initial 105 
nucleus NA

Z : 106 
 107 

νMeN isu
A

Zhe
A
Z +→+ −

−
1 .      (1) 108 

  109 
As a result, the nucleonic structure of the formed nucleus isu

A
Z M1− , with a charge less by one 110 

than that of the initial nucleus, is locally shaken up. Indeed, the interaction between the 111 
vector −W -boson and the u-quark of one of the protons of the nucleusNA

Z can only produce a 112 
virtual d-quark followed by a chain of virtual conversions of quarks involving vector W -113 
bosons. At the same time, the deficit of the total mass of this nucleus prevents from the 114 
formation of a neutron. The resulting state of local anomaly in the nuclear matter with a 115 
shaken-up nucleonic structure is characterized as a metastable inner-shake-up state, or isu-116 
state. The latter is indicated by the subscript on the right of the nucleus symbol in the right-117 
hand side of (1). The subscript in the electron symbol in the left-hand side of (1) indicates 118 
that this stage of the process is activated. The initiated chain of virtual conversions of quarks 119 
in which the vector W-bosons are involved must be interrupted by the irreversible decay of 120 
the virtual −W -boson producing the initial nucleus, electron, and antineutrinoν~ :  121 
 122 

νeNM A
Zisu

A
Z-

~
1 ++→ − .      (2) 123 

 124 
Consequently, the overall process can be represented as an inelastic scattering of an electron 125 
by the initial nucleus: 126 
 127 

ννeNeN A
Zhe

A
Z

~+++→+ −− .      (3) 128 

 129 
The nuclei in which the nuclear matter is in a metastable isu-state will be called “β -nuclei”. 130 
The threshold energy for this process producing a νν ~  pair, which is accounted for by the 131 
neutrino-antineutrino rest masses, is about 0.3 eV [16]. 132 

It is common knowledge that the nucleus is a system of nucleons bound into a whole 133 
by exchange interactions in which the quarks are exchanged using pions. Therefore, the 134 
formation of three quarks not bound into a nucleon in a nucleus, which in this case can be 135 
regarded as “markers” of new degrees of freedom, in fact, means that the mass of the nucleus 136 
is insufficient to provide the traditional proton-neutron arrangement of the nuclear matter in 137 
the system under consideration. The subsequent relaxation of the locally formed isu-state, 138 
which can be transferred by the mediating pions to other nucleons of the nucleus, is initiated 139 
only by the weak nuclear interactions, which are effectuated by the mediating quarks in the 140 
formation and absorption of gauge vector neutral Z0 and charged W± -bosons. In the case 141 
under consideration, this relaxation terminates with the decay of the virtual vector W – -boson 142 
followed by the formation of the initial nucleus in the emission of an electron and 143 
antineutrino. The lifetime of the formed β -nuclei found in the metastable isu-state can be 144 
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rather long, from tens of minutes to several years, and the nuclei in this state can be directly 145 
involved in various nuclear processes [4], [5].  146 
 147 

It should be noted that the relaxation rearrangement of the nuclear matter when the 148 
products of these nuclear conversions are formed is effectuated primarily by forming a purely 149 
nucleonic structure of the nucleus, obeying the principle of least action. While the relaxation 150 
processes of de-excitation in nuclei with a proton-neutron (nucleonic) structure can go via the 151 
excited states of the nucleus and include γ-quanta emission steps, this type of relaxation in 152 
β -nuclei is virtually impossible. Therefore, if the atomic nuclei in which the nuclear matter 153 
is in a partial “non-nucleonic” state are involved in the processes, the mechanism of 154 
relaxation of the formed products is always accompanied by energy loss due to the emission 155 
of neutrino-antineutrino pairs, or due to the URCA process [17], rather than the emission of 156 
γ-quanta by excited nuclei, as in the relaxation of nuclear products characterized by the 157 
proton-neutron arrangement of the nuclear matter. It is for this reason that the corresponding 158 
nuclear processes are safe for the environment. 159 

Of special interest are the cases in which the formation of isu-states in the nuclear 160 
matter is initiated in initially radioactive nuclei because the relaxation process with a vector 161 
W – -boson decay can initiate a general radioactive decay of the isu-state nucleus that results 162 
in the formation of daughter products of the decay of the initial radioactive nucleus. 163 
According to [5], [18], the general stability of the nuclear matter in a metastable isu-state can 164 
be lost by changing the boundary conditions for the components of the electric field intensity 165 
vector of the EM vacuum at the surface of the nucleus in whose volume the nucleonic matter 166 
shake-up occurred. The index characterizing the isu

A
Z- M1  nucleus instability that occurs in the 167 

process (1) is the absolute value of the structural energy deficit ΔQ (ΔQ < 0) of this 168 
metastable isu-state nucleus, which is defined as 2)(

1
cmmQ

MN A
Z-

A
Z

−=∆ . In this case, the 169 

mass of the isu
A

Z- M1 nucleus is taken as eNM
mmm A

Zisu
A

Z
+=

−1
, where 

NA
Z

m is the mass of the NA
Z  170 

nucleus and em  is the rest mass of the electron. 171 

 172 
For example, in the laser ablation of metal samples in an aqueous solution of uranyl, 173 

when a low-temperature plasma is formed in the vapor near the metal surface, the interaction 174 
between the plasma electrons and the 238U nuclei initiates the formation of "β-protactinium" 175 
nuclei followed by a β-decay of the isuPa238

91  nuclei that produces thorium-234 and helium-4 176 

nuclei as the products of decay of the initial uranium-238 nucleus:  177 
 178 

)27.4(~4
2

234
90

238
91

238
92 MeVQeHeThPaeU isuhe +++++→+→+ −− ννν .   (4) 179 

 180 
In this case, the effective rate constant for the initiated decays of 238U nucleus increases by 9 181 
orders of magnitude, giving rise to a kind of “−e -catalysis” [4]. The deficit ΔQ of structural 182 
energy for the formed β-protactinium nucleus is ≈∆Q –3.46 MeV. An unexpected result was 183 
recorded in experiments with a beryllium sample. The beryllium nanoparticles formed in the 184 
solution after one-hour laser action showed an anomalously high rate of formation of 185 
thorium-234 nuclei for more than 500 days after the laser ablation was completed. The half-186 
life for the nuclei initiated by the laser ablation that produce thorium-234 was 2.5 years. 187 
Naturally, this phenomenon could be associated with the accumulation of β-protactinium 188 
nuclei in beryllium nanoparticles in the laser ablation, which lasted as short as an hour.  189 

 190 
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Additional examples are the β – -decay of Co60
27 , Cs137

55  and Ba140
56 nuclei initiated by the 191 

е
--catalysis mechanism, for which the half-life T½ is 1925 days, 30.1 years, and 12.8 days, 192 

respectively [4], [7]:  193 
 194 

)82.2(~2260
28

60
26

60
27 MeVQeNiFeeCo isuhe ++++→+→+ −− ννν ,   (5) 195 

)18.1(~22137
56

137
54

137
55 MeVQeBaXeeCs isuhe ++++→+→+ −− ννν .   (6)  196 

)05.1(~2140
57

140
55

140
56 MeVQeLaCseBa isuhe ++++→+→+ −− ννν .   (7) 197 

 198 

In these examples, the deficits of structural energy ΔQ, which prevent the isu-state isuFe60
26 , 199 

isuXe137
54  and isuCs140

55 nuclei from coming to the stable ground states of the nuclear matter 200 

referring to the Fe60
26 , Xe137

54 , and Cs140
55 nuclei, is -0.237, -4.17, and -6.22 MeV, respectively. 201 

It can be expected that the initiation effect of electrons on the β – -decay of nuclei in a low-202 
temperature plasma will be best manifested when the absolute value of structural energy 203 
deficit ΔQ for the isu-state nuclei to be formed is the highest. This implies that in the above 204 
cases the acceleration of radioactive decay would be clearly seen for the Cs137

55  and Ba140
56  205 

nuclei and minimal for the Co60
27  nuclei. The available experimental data [8] on the initiated 206 

decays of Cs137
55 , Ba140

56 , and Co60
27  validate this conclusion: the half-lives of β – -active cesium-207 

137 (30.1 years) and barium-140 nuclei (12.8 days) drop to about 380 and 2.7 days, 208 
respectively, whereas the half-life of cobalt-60, equal to 1925 days, remains practically 209 
unchanged. The Feynman diagrams for the β

 – -decays, positron β + -decays, and α-decays of 210 
nuclei initiated by the е--catalysis mechanism are plotted in Fig. 1. 211 

 212 
 213 

   214 
 215 

 a           b 216 
 217 
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 218 
         c     219 

 220 
          d     221 

Fig. 1. Feynman diagrams for initiated (a) −β -decays, (b) +β -decays, and (c, d) α-decay 222 
 223 

The unexpected character of the result that the decay of a radioactive nucleus can be affected 224 
by external actions consists in the fact that this effect is associated with electrons, which 225 
cannot interact with the nucleons of the nucleus as nuclear matter fragments, but can initiate, 226 
with the help of vector −W -bosons, local shake-ups in the nucleonic structure of the nucleus. 227 
At the same time, the experiments show that the external excitation of a radioactive nucleus 228 
as a whole system (for example, by the action of γ-radiation) cannot affect the rate of 229 
radioactive decay and, hence, the above initiation of the nucleus instability. In these cases, the 230 
nuclear matter manifests itself as a whole system of interacting nucleons with their inherent 231 
individual characteristics. 232 
 233 

Section 6 will show how the external actions of very high energy can give rise to isu-234 
states in the nuclear matter, which account for the decay of nuclei.  235 

 236 
 237 
3. POSSIBLE MECHANISMS OF NUCLEAR-CHEMICAL REACTIONS  238 

The simplest β-nuclei are β-neutrons and β-dineutrons, which can be formed by the 239 
interaction of high-energy electrons with protons +p and deuterons +d , respectively; for 240 
example, in the laser ablation of metals in an ordinary or heavy water, as well as in a protium- 241 
or deuteron-containing glow-discharge plasma: 242 

νnep isuhe +→+ −+ 1 ,      (8)  243 
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νned isuhe +→+ −+ 2 .      (9) 244 

If the half-lives 21T  of these β-nuclei are sufficiently long, the neutral nuclei isun1  and isun2 , 245 

which are characterized by the baryon numbers equal to one and two, the rest masses equal to 246 
the masses of the hydrogen atom and deuterium, respectively, and by zero lepton charges, can 247 
be efficiently involved in various nuclear processes [4]-[7], [13].  248 
   249 

Analysis of experimental data on the synthesis of tritium nuclei t+ in the laser ablation 250 
of metals in a heavy water shows that the half-life 21T  of the β-dineutron decay, 251 

ν~2 ++→ −+ ednisu  ,     (10)  252 

which produces a deuteron, electron, and antineutrino, is rather long, at least, tens of minutes 253 
[13]. It was assumed that the synthesis occurs by the interaction between a tritium nucleus t+ 254 
and   nucleus isun2 : 255 

)25.3(2 MeVQntnd isu ++→+ ++ ,     (11) 256 

where n stands for a neutron. This is accompanied by another process: 257 
)27.3(~3

2
2 MeVQenHend isu ++++→+ −+ ν ,   (12) 258 

which is a result of the weak nuclear interaction.  259 
The authors [13] also postulated that the interaction between electrons and a tritium nuclei t + 260 
may produce a hypothetical β-trineutron isun3 : 261 

νnet isuhe +→+ −+ 3 .       (13) 262 

 263 
The rest mass of the neutral nucleus isun3  was assumed to be equal to the rest mass of 264 

the tritium atom. It is the formation of isun3  that the initiated decay of tritium nuclei in the 265 

laser ablation of metals in aqueous media and the synthesis of tritium nuclei can pass through 266 
[13]: 267 

)019.0(~223
2

3 MeVQeHenet isuhe ++++→+→+ −−+ ννν .   (14) 268 

It should be noted that the half-life 21T  of isun3  in the −e -catalysis is of the same order of 269 

magnitude as that of isun2 , which is many orders of magnitude shorter than the half-life of the 270 

tritium nucleus ( 21T  = 12.3 years) [13]. 271 

 It is shown in [5] that the introduced concept of a β-nuclei with a rather long lifetime 272 
formed in the glow discharge in a deuterium-containing gas makes it possible to physically 273 
interpret a group of data [9],[ 10] on the initiated radioactive decay of W nuclei in the surface 274 
layers of a tungsten cathode (foil). Note that although 5 isotopes of tungsten 275 
( W180

74 , W182
74 , W183

74 , W184
74 , W186

74 ) are potentially α-radioactive nuclei, 276 

A
AA QHeHfW ++→ − 4

2
4

7274 ,       (15) 277 

they are usually considered as stable isotopes because of an anomalously large period of their 278 
half-life, 21T  1917 1010 −≈  years, which is many orders of magnitude greater than the lifetime 279 

of the Universe. The values of heat release AQ  in the radioactive α-decay of tungsten nuclei 280 
with mass numbers A equal to 180, 182, 183, 184, and 186, is 2.52, 1.77, 1.68, 1.66, and 1.12 281 
MeV, respectively. Based on the energy consideration alone, one can admit that there are α-282 
decays producing several α particles for the above stable isotopes of tungsten, including the 283 
decay producing nine α particles for the tungsten-180 isotope.  284 
 285 
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The concept dealing with the formation of metastable isu-state nuclei that we are 286 
developing distinguishes three mechanisms for initiated nuclear conversions, including 287 
radioactive decays of nuclei:  288 
1. Mechanism of nuclear fusion. The neutral particles isu

An (A = 1, 2, 3) with long enough 289 

lifetimes formed in a low-temperature plasma can diffuse along grain boundaries deep into 290 
the cathode and interact with the metal (tungsten) nuclei in the cathode surface layers. In this 291 
case, the interaction and fusion of isun2  nuclei with WA

74  isotopes can give rise to excited 292 
*2

74W
A+  nuclei at the first process step. In addition to the overall excitation energy, indicated 293 

by the asterisk, equal to about 10 MeV relative to the stable ground state of these nuclei, their 294 
nuclear matter due to their fusion withisun2  can be partially in an unbalanced isu-state with a 295 

lost stability in the nucleus bulk. All of this causes the resulting conversions accompanied by 296 
the emission of α particles and daughter isotopes. Note that in contrast to the nuclear 297 
reactions that occur in the collision of reactants in the gaseous phase, the energy factor alone 298 
due to the possible effect of the environment is enough to effectuate the above nuclear 299 
conversions in the region of grain boundaries of the solid metal phase, with the unmatched 300 
spins and parities of the colliding and resulting nuclei. 301 
 302 
Experimental works studying the conversions in the glow discharge in a deuterium-303 
containing gas recorded the formation of new elements in the surface layer of the tungsten 304 
cathode after it was treated by the plasma for 4 to 7 hours, which include not only stable 305 
isotopes of erbium, ytterbium, lutetium and Hafnium, but also radioactive isotopes of 306 
ytterbium and hafnium [9], [10]. While the formation of the stable isotopes could be assumed 307 
to be related to the diffusion of impurity elements from the cathode bulk to its surface treated 308 
by the plasma, the formation of the radioactive isotopes definitely points to the radioactive 309 
decay of tungsten isotopes. As all possible reactions for the initiated decay of various 310 
tungsten isotopes are already reported [5], only a few examples are given below for 311 
illustration: 312 

QνeHeBeYbnW isu +++++→+ − ~224
2

9
4

169
70

2180
74 (10.09 MeV),    (16) 313 

QνeHeBeYbnW isu +++++→+ − ~224
2

9
4

171m
70

2182
74 (10.34 MeV),    (17) 314 

QHeHfnW isu ++→+ 4
2

180m
72

2182
74 (10.26 MeV),      (18)  315 

QHeYbnW isu ++→+ 4
2

178
70

2184
74 2 (12.28 MeV).      (19) 316 

 317 
In (16) - (19) it is taken into account that in addition to the major masses 169 to 180, the mass 318 
spectra of the products recorded the birth and growth of the peak of mass 9. It should be 319 
noted that the absence of the basic mass 4, corresponding to helium nuclei, in the mass 320 
spectra recorded in [9], [10] can be attributed to the extremely low solubility of helium in 321 
tungsten [19] and the high diffusivity of helium in the zone between the boundaries of foil 322 
grains. It is obvious that these transport processes can be accomplished only when the 323 
lifetime of isun2  is long enough for the diffusive transport of these neutral nuclei along the foil 324 

grain boundaries to surface layers. This agrees with the conclusion that this time must be no 325 
less than tens of minutes for the synthesis of tritium in the laser ablation of metals in a heavy 326 
water [13].  327 
 328 
 329 
2. Mechanism of −e -catalysis.  330 
The above consideration implies that there may be another way of initiating the α-decay of 331 
tungsten isotopes in a glow discharge in experimental studies, when electrons with kinetic 332 
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energy Ee ~ 3-5 eV interact directly with stable isotopes of tungsten in the −e -catalysis. 333 
Possible examples of these processes are given below:  334 

)96.3(~2224
2

175
71

183
73

183
74 MeVQeHeLuTaeW isu +++++→+→+ −− ννν ,  (20) 335 

)17.7(~3334
2

174
70

186
73

186
74 MeVQeHeLuTaeW isu +++++→+→+ −− ννν .  (21) 336 

 337 
It should be noted that the concept of −e -catalysis can be helpful in understanding the 338 
formation of much less than all new isotope products recorded in experiments. Therefore, the 339 
processes with isun2  nuclei are considered as basic for the initiated decays of W stable 340 

isotopes. 341 
 342 
The above data allow one to state that the nuclear decay of initially non-radioactive tungsten 343 
isotopes accompanied by the formation of lighter elements (erbium, lutetium, ytterbium, 344 
hafnium), which is initiated in a low-temperature plasma (glow discharge), can be considered 345 
as a new type of artificial radioactivity, which is different from the artificially induced 346 
radioactivity initiated by nuclear reactions (e.g., by bombardment with alpha particles or 347 
neutrons, giving rise to radioisotopes). It should be remembered that the stable isotopes of 348 
many nuclei, from neodymium to bismuth, including a tantalum-181 isotope, for which 349 
initiated decays similar to those described above are also recorded [9], [10], are potentially α-350 
radioactive in the same sense as tungsten isotopes. 351 
 352 
 353 
3. Harpoon mechanism.  354 
 355 
The reactions between multi-electron atoms are of highest complexity for understanding the 356 
mechanism of low-energy nuclear processes. These processes are usually considered in the 357 
study of transformation processes in native systems [20]-[22]. It was recently shown [23], 358 
however, that reactions of this type can occur in the initiation of self-propagating high-359 
temperature synthesis (SHS) [24]. The composition of the condensed products of thermite 360 
powder mixture (Al + Fe2O3) combustion in air was studied [23]. The purity of the initial 361 
materials was 99.7 to 99.9 mass %. It was shown that in the combustion of iron-oxide 362 
aluminum thermites with a flame temperature higher than 2800 K, 0.55 mass % of stable 363 
calcium is formed. The initial thermite powder systems (Al + Fe2O3) did not contain any 364 
calcium. According to [23], the calcium could be formed in the following nuclear reactions: 365 

)8.21(41
20

14
7

27
13 MeVQCaNAl +→+ ,     (22) 366 

)44.12(40
20

14
7

27
13 MeVQnCaNAl ++→+ .    (23) 367 

 368 
The formation of calcium in the experiments [23] implies that the temperature of 369 

electrons in the flame of combustion of iron-oxide aluminum thermites in air can be much 370 
higher than the flame temperature estimated using the energy of atoms and ions. It is the 371 
case that is typical for the low-temperature plasma in a glow discharge. In this case, the 372 
interaction of high-energy electrons with nuclei Al27

13  and N14
7  could produce nuclei isuMg27

13  373 

and isuC14
6 , respectively. Among these nuclei, the nucleus isuMg27

13 shows the highest activity 374 

in the nuclear interactions because the deficit of its energy relative to the nucleus Mg27
13  is 375 

ΔQ = - 2.61 MeV, whereas the energy deficit for the nucleus isuC14
6  is much less, ΔQ = -0.16 376 

MeV. 377 
 378 
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Following [7], assume that when the nucleus of an atom, or ion is in a pre-decay metastable 379 
isu-state (supposedly, isuMg27

13 ), the lability of its electron subsystem is higher and it is likely 380 

that this subsystem can partially overlap the electron subsystems of the neighboring atoms 381 
(specifically, the nitrogen atom). It is obvious that the high values of energy release in the 382 
overall processes (22) and (23) should act as the factor initiating the spin-spin interaction of 383 
the electron subsystems of both atoms and the formation of common “molecular” orbitals 384 
with the correcting action of spin electron-nuclear interactions for each atom. The emerging 385 
bonds bring both atoms closer to each other, and the formation of common orbitals is more 386 
intense as the nuclei are brought closer to each other. This brings about a kind of “harpoon 387 
mechanism” in which the atom with an isu-state nucleus captures the adjacent atom. The 388 
complete integration of the electron subsystems of both atoms initiates the fusion of the 389 
nuclear matter of the isu-state nucleus ( isuMg27

13 ) and the adjacent nucleus (N14
7 ). In this case, 390 

the overall processes can be written as 391 
 392 

)8.21(~41
20

14
7

27
13 MeVQeCaeNAl he ++++→++ −− νν ,    (22a) 393 

)44.12(~40
20

14
7

27
13 MeVQenCaeNAl he +++++→++ −− νν .   (23a) 394 

Earlier, the harpoon mechanism was considered for the nuclear transmutations in native 395 
systems [7]. 396 

Because weak nuclear interactions are involved in the formation of the nuclear matter 397 
in the final nucleus as a set of interacting nucleons, a significant part of the energy can also 398 
be released by emitting neutrinos and antineutrinos when the final nucleus can be formed in 399 
the ground state, obeying the spin and parity conservation laws. At the same time, when the 400 
final nuclei are formed in the excited state, the non-ionizing radiation of neutrinos and 401 
antineutrinos will be accompanied by the emission of X-rays or gamma quanta. These X-rays 402 
were already reported experimentally [23]. 403 

The above phenomenological analysis shows that in order to understand the 404 
mechanism of nuclear transformations observed in the burning of thermite mixtures, of great 405 
importance is the development of new theoretical approaches to simulating the dynamics of 406 
nuclear processes on the basis of quantum-chemical analysis rather than estimating the 407 
quantum mechanical probabilities of some processes. This simulation will involve (1) 408 
calculations of the electron structure of an atom when isu-state nuclei with a shaken-up 409 
nucleonic structure are formed; (2) model calculations of the spatial instability of the atom 410 
electron subsystem, which is caused by the loss of the nucleus stability; (3) calculations of the 411 
overlapping of these “mobile” orbitals with the electron orbitals of the adjacent atoms and 412 
formation of molecular orbitals that initiate the approach and fusion of the corresponding 413 
nuclei. Analysis of the nuclear radioactive decay may require the discrete Kramers’ activation 414 
mechanism (“roaming” over energy levels to reach a certain boundary) [25], which is 415 
commonly used in the physicochemical kinetics. Here we imply the dynamics of energy 416 
accumulation by an unstable isu-state nucleus on its “last” bond, the disruption of which 417 
leads to the decay of the nucleus along a certain path.  418 
 419 
4. NUCLEAR CHEMICAL PROCESSES IN ANDREA ROSSI'S E-CAT REACTOR 420 

The above concept of initiating low-energy nuclear-chemical reactions by the 421 
mechanisms of nuclei fusion and −e -catalysis can be used to physically interpret the results 422 
of testing A. Rossi's energy E-Cat reactors as well [26]. Let us briefly discuss the results of 423 
testing the E-Cat working chamber of the Rossi’s reactor, presented by a group of 424 
international experts [27]. The working chamber was a hollow ceramic cylinder 2 cm in 425 
diameter and 20 cm long, into which the researchers loaded a fuel: about 0.9 g of finely 426 
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dispersed nickel powder with all stable isotopes present ( Ni58
28 , Ni60

28 , Ni61
28 , Ni62

28 , and 427 

Ni64
28 of 67, 26.3, 1.9, 3.9 and 1 %, respectively), and 0.1 g of LiAlH4 powder ( Li6

3  and Li7
3  428 

isotopes of 8.6 and 91.4%, respectively). The cylinder was sealed and then heated. The tests 429 
were carried out for 32 days at chamber heating temperatures up to 1260 ºC (first half of the 430 
time) and 1400 ºC (second half of the time). The energy released in the tests was measured 431 
using the value of the heat flux produced by the chamber. In the tests, the overall excess 432 
energy of 1.5 MWh was produced, corresponding to the chamber efficiency higher than 3.5. 433 
The researchers recorded changes in the isotopic composition of the main fuel components 434 
(nickel, lithium), for which the initial composition of stable elements was close to the 435 
tabulated natural composition. After the tests, the isotopic composition of the recorded 436 
components was dramatically changed: almost all nickel powder, more than 98%, was a 437 
nickel-62 isotope (about 4% initially); the fraction of lithium-7 dropped to about 8% and 438 
lithium-6 jumped to about 92%. The isotope abundances of the initial fuel and final “ash” in 439 
the tests are listed in Table 1 [27]. 440 
 441 
Table 1. Isotope abundances for the initial fuel and final ash in the tests [27] 442 

Ion Fuel Ash Natural 
abundance 

[%] 
Counts in 

peak 
Measured 

abundance [%] 
Counts in 

peak 
Measured 

abundance [%] 
6Li+ 15804 8.6 569302 92.1 7.5 
7Li+ 168919 91.4 48687 7.9 92.5 

58Ni+ 93392 67 1128 0.8 68.1 
60Ni+ 36690 26.3 635 0.5 26.2 
61Ni+ 2606 1.9 ∼0 0 1.8 
62Ni+ 5379 3.9 133272 98.7 3.6 
64Ni+ 1331 1 ∼0 0 0.9 

 443 
 444 

According to the above concept, the recorded change in the isotopic composition of 445 
main fuel components, nickel and lithium, in the presence of the hydrogen given off in the 446 
decomposition of LiAlH4 at the above temperatures may be caused by the formation of a 447 
protium-containing plasma in the reaction volume and the occurrence of neutral metastable 448 
nuclei isun1 . Like neutrons, these neutral nuclei can interact with the nuclei of elements 449 

constituting the fuel, accounting for the changes occurring in its elemental and isotopic 450 
composition, which is accompanied by the corresponding energy release: 451 

)35.17(~~24
2

17
3 MeVQeHenLi isu ++++→+ − ννν ,     (24) 452 

)60.1(~~24
12

4
2

127
13 MeVQeMgHenAl isu +++++→+ − ννν ,    (25) 453 

)58.11(~~28
14

127
13 MeVQeSinAl isu ++++→+ − ννν ,     (26) 454 

)35.2(~55
25

4
2

158
28 MeVQeMnHenNi isu +++++→+ + ννν ,    (27) 455 

)47.0(~57
26

4
2

160
28 MeVQFeHenNi isu +++→+ νν ,     (28) 456 

)80.2(~58
26

4
2

161
28 MeVQFeHenNi isu +++→+ νν ,     (29) 457 

)34.0(~~59
27

4
2

162
28 MeVQeCoHenNi isu +++++→+ − ννν ,    (30) 458 

)45.7(~~65
29

164
28 MeVQeCunNi isu ++++→+ − ννν ,     (31) 459 

 460 
The above list of reactions implies that the specific (per component unit mass) energy release 461 
is the highest for the lithium-7 nuclei. At the same time, when the mass fraction of the 462 
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lithium-7 isotope in the system is low, the total contribution to the heat release of the nuclear 463 
reactions of isun1  nuclei with all other fuel elements, such as aluminum and nickel isotopes, 464 

can become dominating. The almost complete disappearance of isotopes Li7
3  and Ni58

28  in the 465 

ashes, which was recorded after the chamber was tested for more than a month, implies that 466 
the values of rate constants are rather high not only for the processes (24) and (27), but also 467 
for the other nuclear processes in which the new chemical elements are formed. 468 
 469 
 To understand the specific mechanisms accounting for the major changes in the fuel 470 
composition during the E-Cat operation, including the almost complete exhaustion of the 471 
lithium-7 isotope and the dominant growth of the nickel-62 isotope in the ash, it is necessary 472 
to consider the other nuclear reactions, which can also change the isotopic composition of the 473 
initial nickel. In these reactions, the energy carried away by the formed neutrinos and 474 
antineutrinos can noticeably reduce their heat releases, as compared to the above reactions: 475 

yrNiTMeVQNinNi isu
459

2821
59
28

158
28 106.7)(),22.8(~ ⋅=++→+ νν ,    (32) 476 

),04.7(~61
28

160
28 MeVQNinNi isu ++→+ νν ,       (33) 477 

),81.9(~62
28

161
28 MeVQNinNi isu ++→+ νν ,       (34) 478 

yrNiTMeVQNinNi isu 1.100)(),05.6(~ 63
2821

63
28

162
28 =++→+ νν ,    (35) 479 

hNiTMeVQNinNi isu 52.2)(),32.5(~ 65
2821

65
28

164
28 =++→+ νν ,     (36) 480 

 481 
The long half-life of the Ni59

28  isotope practically excludes the process in which the 482 

other nickel isotopes decayed in the tests are “replenished” with the Ni58
28  isotope, whose 483 

fraction is twice the fractions of the other nickel isotopes. Therefore, the almost complete 484 
absence of the Ni60

28  isotope in the ash should be attributed to the processes (28) and (33). It 485 

can also be assumed that the processes (29) and (34) account for the disappearance of the 486 
Ni61

28  isotope in the ash; meanwhile, the process (34) brings the isotope Ni62
28 to the ash, 487 

providing its prevailing abundance among the other nickel isotopes in the ash. The additional 488 
contribution to this prevailing abundance is made by the “low” value of rate constant for the 489 
decline of the Ni62

28  isotope in the reaction (30), which describes the formation of cobalt with 490 

a low energy release in the process. It is also important to note that the long half-life of the 491 
Ni63

28  isotope practically prevents from increasing the abundance of the isotope Ni64
28  in the 492 

ash, and the process (31) provides an almost complete conversion of this isotope in the initial 493 
nickel to the copper-65 isotope. 494 
 495 

Admittedly, the above arguments can only qualitatively explain the ash composition 496 
recorded in the test. In this case, of high interest could be a comparative study of the 497 
elemental and isotopic composition of the ash and initial fuel by inductively coupled plasma 498 
mass spectrometry [28], successfully used before for studying the isotopic composition of 499 
impurities in the nickel in the laser ablation of a nickel sample in water. Here, it is important 500 
to study the changes in isotope ratios for various elements in the ash and initial fuel, primarily 501 
for the base element (nickel), as well as for the elements formed in the processes (24) - (31), 502 
such as magnesium, silicon, manganese, iron, cobalt, and copper. 503 
 504 
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5. TIME VARIATION OF THE UU 238234  ACTIVITY RATIO IN GROUND-WATER 505 
FLOW SYSTEMS 506 

One of the manifestations of the above-described initiated 238U nucleus decays is the 507 
well-known time variation of the basic, close to unity, ratio of the activity levels of uranium-508 
234 and uranium-238 involved in the same decay chain of radioactive transformations 509 
(uranium/radium series) in the surface ground waters of seismic and volcanic regions [29]-510 
[31]. The activity iη , introduced as the decay rate of the i-th uranium isotope, is defined as 511 

iii Nk=η , where ik  and iN  are the decay rate constant and the number of i-th isotope nuclei 512 

to be decayed, respectively. Note that the fraction iθ  of the uranium-234 isotope in natural 513 

uranium ores is as low as ≈234θ  0.0055%, with a half-life ≈)(234
21 UT  2.45⋅10 5 years. At the 514 

same time, the fraction of the uranium-238 isotope is ≈238θ  99.3%, 515 

yielding 5
238234 1054.5 −⋅≈≡ θθχ , with a much longer half-life ≈)(238

21 UT  4.47⋅10 9 years. 516 

The corresponding decay rate constants are related by the formula 1
238234

−⋅= χkk .  517 

It means [30] that in undisturbed minerals older than several million years, the 518 
abundances of U238  and its intermediate α -decay product, U234 , reach a state of secular 519 
equilibrium. Under these conditions, the activity ratio (AR), 520 

≡=
238

234
21

234
238

21
238234 )(

)(

θ
θ

ηη
UT

UT
AR238234 UU , will equal unity. However, natural waters, 521 

especially in seismically active regions, typically are enriched in U234  with AR238234 UU  522 

between 1 and 10 [30]. The uranium concentrations and AR238234 UU  ratios in saturated-523 
zone and perched ground waters were used to study the hydrologic flow in the vicinity of 524 
Yucca Mountain [30]. The U data were obtained by thermal ionization mass spectrometry for 525 
more than 280 samples from the Death Valley regional flow system. Wide variations in both 526 
U concentrations (commonly 0.6–10 μg l−1) and AR238234 UU  (commonly 1.5–6) were 527 
observed on both local and regional scales. The ground water beneath the central part of 528 
Yucca Mountain had intermediate U concentrations but a distinctive AR238234 UU  of about 529 
7–8. It is necessary to add that about 600 seismic events have occurred near the site in the last 530 
20 years alone, with a 5.6-magnitude earthquake that happened as recently as 1992. There is 531 
also an evidence of relatively recent volcanic activity in the area.  532 

Similar results were reported elsewhere [31], where the measurements of the 533 
AR238234 UU  in groundwater samples were used for monitoring the current deformations in 534 

the active faults at the Kultuk polygon, West Shore of Lake Baikal, for earthquake prediction. 535 
It was observed that the AR238234 UU  fluctuated in time, with the duration of cycles and 536 

amplitudes of AR238234 UU  fluctuations were variable in the range of 1.5-3.3, and the cycles 537 

of AR238234 UU  in water were synchronized in the lines of the monitoring stations in the 538 
sublatitudinal and submeridional direction at the time intervals when seismic shocks occurred 539 
at the Kultuk polygon. The U concentrations in the ground-water samples of the Kultuk 540 
polygon ranged from 0.0087 to 5 mcg/l. The basic scenario of AR238234 UU  variations in 541 
groundwater, recorded in the Kultuk polygon during the monitoring session, was examined in 542 
connection with the seismogenic activation of the western end of the Obruchev fault.  543 

It is commonly believed that U234  enters solutions preferentially as a result of several 544 
mechanisms related to its origin by radioactive decay of U238  [30]. These mechanisms 545 
include damage of crystal-lattice sites containing 234U and the preferential release of U238  not 546 
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bound to the crystal lattice from the defects of minerals, as well as direct ejection of the recoil 547 
nucleus into the water near the boundaries of mineral grains. 548 

At the same time, the results of [29]-[31] suggest that the mechanochemical processes 549 
in relatively small volumes of uranium ore in ore deposits located in the geologically active, 550 
including seismically and volcanically active, zones of the Earth's crust are the important 551 
factor that can account for the significant changes of AR238234 UU under study [31]. These 552 
zones can be characterized by the emergence of high mechanical stresses, initiated shifts in 553 
the ore, and the formation of cracks and fissures. These processes in the U ore at high local 554 
mechanical pressures can not only change the structure of groundwater flows in the zone, but 555 
also give rise to high local electric fields and initiate the decomposition of water molecules 556 
and the formation of high-energy (on chemical scales) electrons. In this case, the concept 557 
developed in this paper allows us to expect that the formation of cracks and fissures in a 558 
uranium ore can initiate the radioactive decay of uranium-238 nuclei by the −e -catalytic 559 
mechanism, producing isu-state β-protactinium nuclei. Note that it is the phenomenon of 560 
mechanically activated nuclear processes discovered in the works of Deryagin et al. [32], [33] 561 
that can be regarded as the starting point in the new stage of studying LENRs, which is 562 
usually attributed to the work of Fleischmann and Pons [34]. For instance, it was 563 
experimentally recorded that the destruction of targets made of a heavy (D2O) ice by a metal 564 
striker with an initial velocity of 100–200 m/s produces neutrons, and their number is several 565 
times higher than the background level [32]. In contrast, no new neutrons were recorded 566 
when the same action was applied to the target made of an ordinary (H2O) ice. 567 

Assume that when a fissure is formed, a fraction of uranium atoms leaves the fissure 568 
surface layer of the uranium ore and is dissolved in the aqueous phase, with each isotope 569 
dissolved according to its abundance in the ore. Additionally, assume that a very small 570 
fraction ξ  (ξ  << 1) of N238 nuclei of the main uranium-238 isotope that pass to the aqueous 571 

medium is activated in the fissure formation by the −e -catalytic mechanism and converted to 572 
isu-state β-protactinium nuclei. Without this activation, the activity level of N238 nuclei of the 573 
atoms of uranium-238 isotope in the aqueous medium, 238238238 Nk=η , was equal to the 574 

activity level 234234234 Nk=η  for the N234 nuclei of uranium-234 isotope that passed to the 575 

aqueous medium. Section 2 implies that in the initiated radioactive decay, the effective decay 576 

rate constant of 238U nuclei, 238

~
k , for a relatively small number ξ of N238 nuclei in the aqueous 577 

medium can dramatically change. It is wise to use the above in considering the simplified 578 
decay of uranium-238 and uranium-234 isotopes. In this case, the decay of “intermediate” 579 
thorium-234 and protactinium-234m isotopes with short lifetimes, which are also involved in 580 
the radioactive uranium/radium series, is taken out of consideration. The balance equations 581 
for the numbers of N238 and N234 nuclei at a steady-state concentration of uranium-234 isotope 582 
in the aqueous medium can be written as 583 
 584 

( ) 238238238238238238
238 ~

1 NkNkNk
dt

dN eff−=−−−= ξξ ,   (37) 585 

( ) 0
~

1 238238238238234234
234 =+−+−= NkNkNk

dt

dN ξξ .   (38) 586 

 587 
Here,  588 
 589 
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 591 
is the effective rate constant for the decay of the uranium-238 isotope when the radioactive 592 
decay of the fraction ξ  of uranium-238 nuclei is initiated by external factors and 593 

characterized by the decay rate constant 238

~
k . Equations (37)-(38) yield the desired formula 594 

for the ratio of activity levels of uranium-234 and uranium-238 isotopes in open systems in 595 
which the initiated accelerated decay of uranium-238 is effectuated: 596 
 597 

==
238238

234234
238234 Nk

Nkηη AR238234 UU = 









−+ 1

~
1

238

238

k

kξ . (40) 598 

In this case, the apparent higher activity level of the uranium-234 isotope cannot be 599 
attributed to the fact that the groundwater is directly enriched with U234  nuclides because its 600 
release to the aquatic medium is easier due to the decay of the main U238  isotope, as is 601 
usually assumed [30], [31]. The increased content of U234 nuclei in the aqueous medium is a 602 
result of the decay of U238  nuclei initiated by the formation of cracks and fissures, which 603 
produces β-protactinium nuclei by the −e -catalytic mechanism; their release to the aqueous 604 
medium, and their subsequent decay along the chain of the radioactive uranium/radium 605 

series. The reference value of 9
238238 10~

~
kk  estimated in [4], showing a possible increase by 606 

9 orders of magnitude of the decay rate constant for the U238  nuclei in the laser ablation, 607 
implies that for the ratios AR238234 UU  ~ 5-10, characteristic for the system studied in [30], 608 

to take place the fraction ξ  of activated isuPa238
91  nuclei relative to U238  nuclei in the aqueous 609 

media must be ~ (0.5-1) 810−⋅ . 610 
 611 
6. NON-BARYONIC STATES OF NUCLEAR MATTER AND “HEAVY” QUARKS  612 
 613 

It is well known that quarks as subunits of hadrons manifest themselves as free point 614 
objects in the energy and momentum transfer in the proton collisions occurring in the 615 
colliding beams with characteristic energies of more than 1 TeV for each pair of the colliding 616 
nucleons [35], [36]. As a result, the quarks can be associated with the independent degrees of 617 
freedom of nuclear matter. When the decays of excited hadrons that were formed in these 618 
high-energy collisions of particles are considered, the quarks are traditionally regarded as 619 
elementary particles with “point” electric charges of –1/3 e or +2/3 e, where e is the absolute 620 
value of the electron charge. It is as such particles that the quarks are involved in the Standard 621 
Model of Elementary Particles [36]. 622 

In this section, the concept stating that non-nucleonic isu-states may occur in the 623 
nuclear matter will be used in considering a set of problems arising in the study of decays of 624 
the excited baryons and mesons that were formed in the high-energy collisions of protons and 625 
characterized by highly excited states of “decay”. Their characteristic half-lives are quite 626 
long, ~10–13-10–8 s, which implies the dominant role of weak nuclear interactions in these 627 
decays. These times are higher than the characteristic nuclear times by 10 or more orders of 628 
magnitude. According to the Standard Model [36], [37], in addition to u- and d-quarks, which 629 
are characterized by the so-called current quark masses of 2.3 and 4.8 MeV/c2, respectively, 630 
the excited hadrons contain heavier s-, c-, and b-quarks with current quark masses of 95, 631 
1275, and 4180 MeV/c2, respectively [37]. When there is, at least, one heavy quark among the 632 
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three quarks of a baryon, the baryon is called heavy. The mesons formed by a quark-633 
antiquark pair are called heavy when the quark is heavy. 634 

When the decay of heavy hadrons is discussed, an accent is usually made on purely 635 
formal aspects related to the classification of quarks in the Standard Model of Elementary 636 
Particles [36], which is based on the requirements of symmetry for the wave functions of 637 
baryons as fermions and mesons as bosons with regard for the quantum numbers additively 638 
introduced for heavy quarks. This allows one to predict possible decay paths for the heavy 639 
hadrons to be formed, using a given set of their quantum numbers. However, the nature of the 640 
introduced new quantum numbers, defined as s (strange), c (charmed), and b (beauty or 641 
bottom), remains unclear. It is not clear what kind of physically interpreted parameters can 642 
account for the above differences in the masses of heavy quarks. In addition, it is unclear how 643 
each of the heavy quarks is converted to light u- or d-quarks in the decay of heavy hadrons, 644 
because the hadron-products formed in the high-energy collisions of protons or nuclei contain 645 
only light u- or d-quarks. There is no discussion yet about the nature of the confinement of 646 
quarks, defined as the impossibility of separating quarks from the nuclear matter and studying 647 
them in a free state. Instead, an assumption is made that the force of mutual attraction of 648 
quarks rises as the distance between them increases, without any discussion about the nature 649 
of this force. 650 
 It is suggested in this study that the above problems can be studied in terms of the 651 
phenomenological approach (qualitatively rather than quantitatively) if it is assumed that 652 
quarks are not elementary particles but kinetic markers, three for baryons and two for 653 
mesons, for the large fragments of the nuclear matter, which are bound to each other by the 654 
strong nuclear interaction effectuated by the exchange of pions. It is these interactions that 655 
account for the confinement of quarks as quasi-particles. In addition, assume that the highly 656 
excited hadrons, such as charged baryons*p , neutral baryons*n , and mesons *m , which are 657 
formed in the collisions of high-energy particles, lose their stability, which is provided by the 658 
exchange of pions, because of the relative high-energy movements of the current quarks, and 659 
come to an isu-state of decay. The subsequent relaxation of the isu-state of such excited 660 
hadrons and the formation of decay products, such as nucleons, pions, and leptons, are 661 
initiated by the weak nuclear interaction between the quarks found in the hadrons using the 662 
formation and absorption of gauge vector bosons. 663 

 Let us consider a working hypothesis, assuming that highly excited heavy baryons 664 
and mesons are particles with local soliton-like excited states of nuclear matter that can be 665 

based only on u- and d-quarks, the corresponding u~ - and d
~

-antiquarks, and virtual pions 666 
and vector bosons. We will try to understand whether it is possible to hypothetically identify 667 
the degrees of freedom, which can be defined as heavy quarks, in the excited system. Here, it 668 
is implied that the polarization of the nuclear medium in the vicinity of its quarks could 669 
effectively cause an increase in the current masses of the u- and d-quarks, converting them to 670 
heavy quarks. 671 

To date, the researchers have discovered many types of decays of excited baryons, 672 
including those producing both neutral and charged particles at intermediate stages, which 673 
leads to a wide variety of final neutral and charged particles, such as nucleons, pions, and 674 
leptons [36], [37]. Consider several examples of the decay of excited nucleons*n  and *p , 675 
parenthesizing the hyperon (heavy baryon) that decayed to form the products of interest. Let 676 
it be hyperons )(udsΛ , )(udcc

+Λ , )(0 ddccΣ  and )(0 udbbΛ , containing s-, c-, и b-quarks. These 677 

quarks are symbolically shown in the parenthesized quark composition of the hyperons. The 678 
processes below show the intermediate and final decay products for these hyperons, with two 679 
possible decay paths for the hyperonΛ : 680 

  681 
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 682 
−+→Λ πpn )(* ,        (41) 683 
0* )( π+→Λ nn ,        (42) 684 

+−+−+ +++→++→Λ πνµπ µ
~)(* pKpp c ,    (43) 685 

−+−−+ ++++→+Λ→Σ ππνµπ µ
~)( 0* pn cc ,    (44) 686 

−−++−−−++ ++++++→+++Λ→Λ ππππνµπππ µ
~)( 0* pn cb .  (45)  687 

 688 
   689 

Feynman diagrams representing the above processes, which present the complicated 690 
dynamics of u- and d-quark conversions in the formation and decay of charged and neutral 691 
virtual vector bosons, are plotted in Fig. 2.  692 
 693 

    694 
   a     b 695 

 696 
    c       d 697 

   698 
                      e  699 
Fig. 2. Feynman diagrams for the decay of hyperons that contain (a, b) s-quark, (c, d) c-700 
quark, and (e) b-quark  701 
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 702 
It is obvious that the number of pions and muons formed along with a nucleon in the 703 

decay of an excited baryon depends on the total excitation energy of the baryon. As the birth 704 
of, at least, one virtual vector boson is needed for one pion or muon to be formed in the final 705 
state (Fig. 2 a, b, c), one could expect that the processes in which the number of formed pions 706 
and muons in the final state increases would be strongly suppressed because the 707 
dimensionless constant Fα  of weak nuclear interaction is low. Note, however, that when the 708 
processes in Fig. 2 are analyzed quantitatively, it should be taken into account that the weak 709 
nuclear interactions are not as weak as it is often assumed. The value of the corresponding 710 
dimensionless constant Fα  is almost an order of magnitude greater than the value of fine-711 

structure constant eα [18], [38]. Indeed, if the dimensionless constant of strong nuclear 712 

interaction is taken to be αs = 2  [18] and the value of  squared elementary charge of weak 713 

nuclear interaction is estimated by 22
ZFF aGq ≡  [36], where ≈= cma ZZ /2 2

1
h  3.3 10 –16 cm 714 

is the characteristic radius related to the mass of the intermediate Z0 vector boson mZ = 91.2 715 

GeV/c2 = 1.62 10 –22 g and ( ) ( )2351017.1 GeVcGF h
−⋅=  is the Fermi constant of four-716 

fermion interaction, we obtain 
c

qF
F

h

2

=α ≈  4.9 10 –2 and, hence, ≈sF αα  3.45 10 –2 . In this 717 

case, ≈= 137/1eα  0.73·10– 2 and, hence, ≈se αα  5.2 10 –3 and 7.6=eF αα .  718 

Unfortunately, the proton mass is often used in the literature [35] as the normalizing 719 
mass in estimating the dimensionless constant of weak nuclear interaction, though it is almost 720 
100 times smaller than the mass of a Z0 vector boson [36]. As a result, the value of constant 721 

Fα  is underestimated by almost 4 orders of magnitude. According to our above estimates, the 722 
correct value of this constant is only 35 times, rather than 5 orders of magnitude, less than the 723 
value for the dimensionless constant of strong nuclear interaction. It is this correct value that 724 
accounts for the existence of reliable experimental data on the decays of highly excited heavy 725 
baryons that produce five or more pions and a muon [39]. 726 

As noted above, u- and d-quarks can be regarded as kinetic markers for the subunits of 727 
nuclear matter. The diagrams plotted in Fig. 2 imply that every decay process given above is 728 
a complicated process with respect to the u and d dynamic variables, in which the nonlinear 729 
interrelations with respect to these variables represent the processes of energy redistribution 730 
in the transfer of charged and neutral vector bosons and account for the emergence of pions 731 
as decay products. 732 

The diagrams demonstrate both the variety of possible baryon decays for the same 733 
excited state (Fig. 2 a, b) and the fact that it is impossible to introduce, in addition to u and d, 734 
new types of degrees of freedom − heavy quarks as effective dynamical variables for 735 
describing the entire diversity of complicated decay dynamics of excited baryons *p  and *n . 736 
The latter follows from the comparison of Figs. 2 c and Figs. 2 d showing the decays of 737 

)(udcc
+Λ  and )(0 ddccΣ  hyperons, respectively, which contain, as supposed, the same heavy c-738 

quark, but are accomplished by different mechanisms with 2 and 3 virtual vector bosons 739 
formed, respectively. 740 

The number of examples of this kind that illustrate different decay mechanisms for 741 
hadrons, which according to the modern theory [35], [36] contain light quarks together with 742 
one of the heavy quarks (s, с or b), could be larger if we consider the decays of heavy 743 
baryons and mesons. It will be wise, however, to use the general phenomenological approach 744 
when only u- и d-quarks are considered as the current degrees of freedom, which are related 745 
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to certain fragments of nuclear matter and change their electric charge in the absorption and 746 
emission of charged vector bosons. 747 

Concluding this section, it should be noted that, proton-proton collisions with an 748 
energy of 7-8 TeV produce particles with a four-quark [40] and five-quark arrangement of 749 
nuclear matter [41]. The lifetimes of these particles are ~ 10−24-10−23 s, which is typical for 750 
the resonances. This means that the nuclear exchange forces in the excited systems of 4 and 5 751 
quarks are too weak to keep these systems so long as it is necessary for their relaxation to be 752 
accounted for by the weak nuclear interaction, which is true for the systems of 2 and 3 753 
quarks. Experiments of this kind could not record the formation of a weakly decaying strange 754 
heavy dibaryon either [42], in contrast to the low-energy experiments, which produce a β-755 
dineutron. 756 

 757 
 758 
7. METASTABLE NON-NUCLEONIC STATES OF NUCLEAR MATTER IN DOUBLE 759 
BETA-DECAYS 760 
 761 
 The double β -decays of some even-even nuclei [43]-[46] could be a future candidate 762 
for one of the manifestations of the initiation of metastable states in the nuclear matter, in 763 
which the mass of the nucleus is insufficient (or the nuclear forces are not strong enough) to 764 
bind a part of the quarks into stable nucleons and the nucleonic structure in the nucleus is 765 
locally shaken up. All cases in which this type of decay is reliably recorded are characterized 766 
by half-lives longer than 1018 years, which is several orders of magnitude greater than the 767 
existence time of the Universe. The main difficulties to overcome in studying the double β -768 
decay are represented by its low probability and the long-run experiments needed to 769 
minimize background events as possible, as well as by close and thorough analysis of 770 
experimental results. So far, these decays are experimentally recorded in 10 out of more than 771 
30 pairs of even-even isotopes that can be bound by the double −β -decay. At the same time, 772 
in about the same number of pairs of even-even isotopes that can be bound by the double 773 

+β -decay, no decays of this type have not been recorded yet. The latter can be a result of a 774 

noticeable difference in the probabilities of −β - and +β -decay. The double −e -capture was 775 
recorded for only one nucleus: 130Ba isotope. 776 
 The above phenomenological concept of the radioactive decay of nuclei initiated by 777 
the е--catalysis mechanism [5], [7] allows us not only to understand the possible reason for 778 
the difference in the probabilities −β - and +β -decay, but also open new opportunities in 779 

studying double −β - and +β -decays because their rates dramatically rise when the processes 780 
are initiated using low-energy excitations. The latter is implied not only by the general result 781 
of [5], [7] regarding the loss of stability of isu-state nuclei in the nuclear matter, but also by 782 
the experimental data recorded in a group of studies, for example, [9], [10],  dealing with the 783 
α-decay of all so-called stable tungsten isotopes (half-lives ~ 1017-1019 years) initiated in the 784 
glow discharge.  785 
As a future experiment idea, it is of interest to compare the characteristic parameters Q and 786 

Q∆  for already and not yet recorded double −β -decays of different isotopes, including 787 

those of the same element:  788 

,09.12),27.4(~2348
22

48
19

48
20 MeVQMeVQννeTiνKeCa isuhe −=∆++++→+→+ −−   (46) 789 

,72.7),98.0(~2346
22

46
19

46
20 MeVQMeVQννeTiνKeCa isuhe −=∆++++→+→+ −−   (47) 790 
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,27.7),01.3(~2382
36

82
33

82
34 MeVQMeVQννeKrνAseSe isuhe −=∆++++→+→+ −−   (48) 791 

,64.5),136.0(~2380
36

80
33

80
34 MeVQMeVQννeKrνAseSe isuhe −=∆++++→+→+ −−   (49) 792 

,15.6),81.2(~23116
50

116
47

116
48 MeVQMeVQννeSnνAgeCd isuhe −=∆++++→+→+ −−  (50) 793 

MeVQMeVQννeSnνAgeCd isuhe 08.5),54.0(~23114
50

114
47

114
48 −=∆++++→+→+ −− ,  (51) 794 

MeVQMeVQννeOsνTaeW isuhe 9.3),49.0(~23186
76

186
73

186
74 −=∆++++→+→+ −− .  (52) 795 

 796 
The value of released energy Q accounts for the phase volume of the reaction products to be 797 
formed because the process probability is proportional to this factor, whereas the value of 798 
deficit Q∆  for the structural energy of the isu-state nucleus accounts for the extent to which 799 

the stability of the nucleus is lost.  800 
Comparison of the values of Q∆  and Q for the experimentally studied processes of 801 

double −β -decay of calcium-48, selenium-82, and cadmium-116 isotopes with those for the 802 
processes not studied yet due to, as we can suggest, their much lower probability gives us a 803 
reason to consider the released energy Q as the main parameter accounting for the double 804 

−β -decay – the processes with lower energy releases. This suggestion is supported by the 805 
data in Table 2 (was compiled on the basis of [43], [44]) which lists the values of Q in the 806 
other 7 processes for which the −β -decay was experimentally recorded. Note that the 807 

smallest value of parameter Q refers to the double −β -decay of uranium-238 nuclei, and this 808 
value, as we can suggest, may account for the highest value of its half-life, which is 3-4 809 
orders of magnitude higher the values for the other 9 nuclei.  810 
 811 
Table 2. Isotopes with experimentally recorded double −β -decay 812 

Isotope Q, MeV Q∆ , MeV ,21T  years 
48

20Сa 4.27 12.09 (4.3 ± 2.3)×1019 
76

32Ge 2.04 7.01 (1.3 ± 0.4)×1021 
82

34Se 3.01 7.27 (9.2 ± 0.8)×1019 
96

40Zr 3.35 7.1 (2.0 ± 0.4)×1019 
100

42Mo 3.03 6.24 (7.0 ± 0.4)×1018 
116

48Cd 2.81 6.15 (3.0 ± 0.3)×1019 
128

52Te 0.87 4.38 (3.5 ± 2.0)×1024 
130

52Te 2.53 4.96 (6.1 ± 4.8)×1020 
150

60Nd 3.37 5.69 (7.9 ± 0.7)×1018 
238

92U 1.11 3.46 (2.0 ± 0.6)×1021 
 813 

Below we list several double+β -decays of even-even isotopes among which there 814 

may be processes with the values of Q commensurate with those at which the double−β -815 
decay is effectuated: 816 
 817 

MeVQMeVQνeeSnνAgeCd isuhe 094.0),78.2(32106
46

106
47

106
48 −=∆++++→+→+ −+− , (53) 818 
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MeVQMeVQνeeSnνAgeCd isuhe 65.1),27.0(32108
46

108
47

108
48 −=∆++++→+→+ −+− , (54) 819 

MeVQMeVQνeeCdνIneSn isuhe 66.0),92.1(32112
48

112
49

112
50 −=∆++++→+→+ −+− , (55) 820 

MeVQMeVQνeeSmνEueGd isuhe 82.1),058.0(32152
62

152
63

152
64 −=∆++++→+→+ −+− . (56) 821 

 822 
In the above processes, the possible candidate isotopes are cadmium-106 and tin-112. 823 

At the same time, the comparison between the 2+β - and 2 −β -decays shows that their values 824 

of Q∆  are much different from each other (see the Table 3 compiled on the basis of [43], 825 

[45]). It is the low values of Q∆  that may account for the low probabilities of 2+β -decays, 826 

because any radioactive decay of nuclei begins with the initiated (either due to fluctuation or 827 
by the action of external factors) interaction of an electron in the inner shells of the 828 
radioactive atom with its nucleusNA

Z , which produces an intermediate isu-state nucleus 829 

isu
A

Z M1− [5], [7]. As the rates at the stage where the isu
A

Z M1−  nucleus is formed are much higher 830 

when the process is initiated in a low-temperature plasma, the possibility of recording 2+β -831 

decays may be higher for the isotopes characterized by the highest values of Q∆  and Q. 832 

Probable candidate nuclei for these decays among all 2 +β -active nuclei are listed in Table 2, 833 
where the barium-132, xenon-126, and tellurium-120 isotopes may be expected to become 834 
the most promising candidates for experimental studies of 2β+-decay.  835 
 The above difference in the values of Q∆  for the 2 −β - and 2 +β -decays is 836 

reasonable to attribute to the initiating role of the electron factor in the radioactive decays of 837 
nuclei [5] occurring in our asymmetric Universe, which is characterized by the recorded 838 
existence of the matter with atoms composed of elementary particles and the absence of the 839 
antimatter with atoms composed of antiparticles. This difference in probability of the 2−β - 840 

and 2 +β -decays can be considered as one of the arguments in favor of the hypothesis of the 841 
activating role of electrons in radioactive decays. Indeed, the nature of these differences for 842 
radioactive decays cannot be understood in terms of generally accepted approaches. 843 

 844 
Table 3. Possible double +β -decay candidates for even-even isotopes 845 

Isotope Q, MeV Q∆ , MeV 
96

44Ru 2.72 0.254 
106

48Cd 2.78 0.194 
112

50Sn 1.92 0.664 
120

52Te 1.70 0.982 
124

54Xe 3.07 0.295 
126

54Xe 0.90 1.258 
130

56Ba 2.58 0.368 
132

56Ba 0.833 1.28 
138

64Ce 2.01 0.433 
156

58Dy 0.708 1.045 
162

68Er 1.85 0.296 
 846 
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We suggest that the above double β -decays must be accompanied by the coupled 847 

conversion of quarks of two neutrons in the −β -decays or two protons for the +β -decays in 848 
the emission and absorption of vector bosons. In these processes, the initiating role is played 849 
by the quasi-free (within the nucleus) quarks emerged in the formation of the isu-state of 850 
nuclear matter. The corresponding Feynman diagrams, which schematically represent the 851 
dynamics of the interactions effectuated in double β -decays, are plotted in Fig. 3.  852 
 853 

 854 
a    855 

 856 

857 

  858 
   b        c 859 
 860 
Fig. 3. Feynman diagrams for initiated (a) 2 −β - and (b, c) 2 +β -decays  861 
 862 

Note that when double β -decay diagrams are discussed, the dynamics of coupled 863 
conversions are taken into account only when the decays without neutrinos, which are 864 
possible when the neutrino and antineutrino are the same particle (Majorana neutrino), are 865 
considered [46]. As we can expect that the characteristic times of 2β -decays initiated by 866 
low-energy actions will be many orders of magnitude less than the values usually recorded in 867 
experiments, there is a hope to see in the future not only new experimental data on double 868 

−β -decays, but also the first data on +β -decays, as well as to get some idea about the 869 
extension to which the lepton number conservation law in the 2β -decays is violated. 870 
 871 
8. NATURE OF THE ANOMALY RECORDED IN THE BERYLLIUM-8 DECAY  872 
 873 
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Let us discuss the anomalies in the angular correlations between the positrons and 874 
electrons emitted in the radioactive decays of excited *8

4 Be  nuclei [3]. As in [5], we assume 875 

that the decay of a *8
4 Be nucleus is preceded by its interaction with one of the electrons in the 876 

inner electron shells of the atom, which emits a neutrino ν and produces an excited metastable 877 
isu-state  *8

3 isuLi  nucleus:  878 

 879 

ννν ~22, 4
2

*8
3

*8
4

*8
4

7
3 ++++→+→+→+ +−− eeHeLieBeBepLi isuhe .  (57) 880 

 881 
Based on the above decay diagram for the excited *8

4 Be  nucleus, we can suggest a new 882 

formation mechanism for a correlated −+ee  pair in the reaction BepLi 87 ),( γ  when two states 883 

of the *8
4 Be  nucleus, 17.64 MeV and 18.15 MeV, are excited, as in the experiment [3], which 884 

is alternative to the one proposed in [1]-[3].  885 
As noted above, the nature of the excitation of Be8

4  nuclei initiated by the collisions 886 
with nucleons, when the entire nucleonic subsystem of the nucleus is excited, is substantially 887 
different from the nature of the local metastable isu-excitation caused by a shake-up in the 888 
nucleonic structure of isuLi8

3 nucleus and the loss of the overall stability of these β -nuclei. 889 

The latter depends on the absolute value of structural energy deficit 2)( 8
3

8
4

cmmQ
LiBe

−=∆ and 890 

the difference in the masses of Be8
4  and Li8

3  nuclei in the ground state. Therefore, we can 891 

assume that the excitation energy of the nucleonic subsystem of the *8
4 Be  nucleus can be 892 

almost completely kept in the nucleonic subsystem of the *8
3 isuLi  nucleus if the latter has the 893 

corresponding excited state. In this case, it becomes obvious that the efficiency of the decay 894 
of the excited *8

3 isuLi  nucleus that emits two alpha particles and a correlated −+ee  pair will 895 

depend on how close one of the excited states of the Li8
3  nucleus approximates the excited 896 

state of the Be8
4 nucleus [47]. 897 

 898 
Here we must take into account that the probability of emitting γ quanta by excited 899 

nuclei, which depends on the width of the corresponding excited state, and the probability of 900 
emitting photons in the transition of a single atom from the excited state to the ground state 901 
are initiated by the zero-point oscillations of the EM vacuum [48]. Virtually, the main factor 902 
is the average of squared fluctuating values of the electric field intensity for the EM vacuum. 903 
As noted above, when a metastable isu-state with a local shake-up in the nucleonic structure 904 
is initiated in the nuclear matter, the irreversible loss of the nucleus stability is likewise 905 
accounted for by the EM vacuum as a result of changes in the boundary conditions at the 906 
nucleus surface [5], [18]. However, these two emissions are independent of each other. 907 

As the ground-state energy for the Li8
3  nucleus is 16.005 MeV higher than that for the 908 

Be8
4  nucleus [47], the excited states of 1.635 and 2.145 MeV for the Li8

3  nucleus could 909 

formally correspond to the excited states of 17.64 and 18.15 MeV for the Be8
4 nucleus. For 910 

the Li8
3  nucleus, the excited states closest to the ground one are 0.891 MeV, which is not 911 

high enough for producing an +−ee  pair, and 2.255 MeV, which is 0.11 MeV higher than the 912 
above value of 2.145 MeV. If the anomaly in angular correlations between positrons and 913 
electrons recorded in [3] is effectuated by the above excited states of Be8

4  and isuLi8
3  nuclei, it 914 

implies that in this case the width of the 2.255 MeV state for the isuLi8
3  nucleus is larger than 915 
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0.11 MeV, and we can speak about a direct correspondence between the 18.15 MeV excited 916 
state for the Be8

4 nucleus and the 2.255 MeV excited state for the isuLi8
3  nucleus. Obviously, 917 

this correspondence needed for the anomaly recorded in [3] to take place may be achieved by 918 
adjusting the kinetic energy Ep of the bombarding protons, though not always. 919 

 920 
Assume that the anomaly recorded in [3], which is the formation of correlated 921 

+−ee pairs at their opening angles Θ  ~ 130-1400, is mostly due to the exchange of d- and u-922 
quarks localized in the region of non-nucleonic metastability of the isu-state nucleus, which 923 

can migrate over the nucleus, and d- and u-quarks of the superpositions dd
~

 and uu~  among 924 
the quark-antiquarks pairs produced in the decay of vector Z0-mesons in the same isu-region 925 
of the nuclear matter. Virtually, this exchange is effectuated in the annihilation of these 926 

quarks and antiquarks of dd
~

 and uu~  pairs producing a correlated +−ee pair, which is in good 927 
agreement with the decay of a neutral boson studied in [1]-[3].  928 

 929 

930 

 931 
a          b  932 

    933 
c 934 

Fig. 4. Feynman diagrams for the formation of correlated +−ee , ν~−e  и ν+e  pairs initiated by 935 

the interaction between a 0π -meson (quark-antiquark superposition dd
~

 and uu~ ) and the 936 
nucleons of the excited 8Be* nucleus  937 

 938 
Possible diagrams for the formation of +−ee  pairs accompanied by the production of 939 

ν~−e  and ν+e  pairs are plotted in Fig. 4. In contrast to the decays of bosons as particles with a 940 
certain set of quantum characteristics analyzed in [1]-[3], the quark pairs to be annihilated in 941 
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these diagrams can have different relative orbital moments, as in [49], which does not impose 942 
any substantial restrictions on the sets of quantum numbers for the excited states of the 943 
nuclei; specifically, *8

4 Be  and *8
3 isuLi . For this reason, the results of [3] were discussed above 944 

without referring to the quantum numbers for the excited states of these nuclei.  945 
The developed concept stating the existence of the metastable states of the nuclear 946 

matter with a local shake-up of its nucleonic structure makes it possible to qualitatively 947 
interpret the formation of correlated +−ee pairs in the experiment under discussion [3] without 948 
involving the hypothesis of afifth fundamental interaction into the physical science. 949 
Admittedly, it is possible so far to speak only about a qualitative understanding of the 950 
correlation of +−ee pairs in the above process because the exchanges of quarks in the region 951 
of nucleus non-nucleonic metastability have not been studied yet. 952 

An additional clarity in discussing the above alternative could be brought by the new 953 
experiments proposed in [2] to record the anomalies in the angular correlations between 954 
positrons and electrons, like those in [3], that are emitted in the radioactive decay of other 955 
excited nuclei. The study [2] deals with the reactions )3.19(),( *1037 MeVBHeLi γ [50] and 956 

)79.17(),( *107 MeVBetLi γ [51] and assumes that the decay of these excited states of the 957 

daughter nuclei can produce −+ee -pairs with the same type of opening-angle anomaly as in 958 
[3]. 959 

The developed concept of the radioactive decays of the excited nuclei producing the 960 
)3.19(*10 MeVB  nucleus implies that, in the first of the above reactions, the *10

4 isuBe nucleus 961 

rather than the *10
5 B nucleus would decay, producing the final products 7Li, 3He, and an −+ee -962 

pair. In the second reaction, the final products 7Li, 3H, and an −+ee -pair are formed in the 963 
decay of the *10

3 isuLi  nucleus rather than the *10
4 Be nucleus. The above differences are 964 

significant due to the high difference in the ground-state energies of the nuclei to be decayed 965 
when these energies are referred to the unified energy scale. It is this kind of analysis that will 966 
enable us to make an unambiguous choice in conducting appropriate experimental studies in 967 
favor of the hypothesis of the existence of a fifth fundamental interaction or developed 968 
concept of nuclear radioactive decays. The most significant differences are seen for the 969 
energy levels of *10

3 isuLi and *10
4 Be nuclei: the ground state for the lithium-10 nucleus is 20.444 970 

MeV higher than the one for the beryllium-10 nucleus. The corresponding difference between 971 
the *10

4 isuBe nucleus and *10
5 B  nucleus is 0.556 MeV [47].  972 

In view of the above differences, the excited state of 19.3 MeV for the boron-10 973 
nucleus should formally be in correspondence with the excited state of 18.74 MeV for the 974 
beryllium-10 nucleus, in which the excited-state energy closest to the latter value is 18.55 975 
MeV. When the width of this state is greater than 0.2 MeV, the above correspondence can be 976 
true and the anomaly in the angular correlations between positrons and electrons emitted in 977 
the radioactive decays of excited 10B* nuclei can, in principle, be recorded. The situation is 978 
substantially different when we look for these anomalies in the decays of excited 10Bе* 979 
nuclei. The excited state of 17.79 MeV for the beryllium-10 nucleus cannot even formally be 980 
in correspondence with the ground state for the lithium-10 nucleus because the energy 981 
difference between the ground states for the lithium-10 nucleus and beryllium-10 nucleus is 982 
higher than the above excited-state energy for the beryllium-10 nucleus. Therefore, the 983 
desired correlations in the *107 ),( BetLi γ  reaction should be sought at kinetic energies Et of the 984 
tritium nuclei higher than those suggested in [2]. For example, the excited states of 1.4, 2.35, 985 
and 2.85 MeV for the lithium nucleus, whose decay into 7Li and 3H may be accompanied by 986 
the anomaly in the angular correlations of the recorded −+ee -pair can be achieved using the 987 
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tritium nucleus energies of 21.8, 22.8, and 23.3 MeV, respectively. This experiment can 988 
become an experimentum crucis in selecting between the discussed nature alternatives for the 989 
correlated opening angle of the −+ee -pair, as well as in deciding whether it is possible to 990 
initiate metastable states with a shaken-up nucleonic structure in the nuclear matter and, 991 
hence, validate the new concept of radioactive decays of nuclei.  992 

 993 
9. CONCLUSION  994 
 995 
This study may be the first attempt to discuss the existence of metastable states in the nuclear 996 
matter in which the mass of the nucleus is insufficient (or the nuclear forces are not strong 997 
enough) to bind a part of the quarks into stable nucleons, which results in a local nucleonic 998 
structure shake-up in the nucleus. With this anomalous excited state of the nuclear matter, 999 
called inner shake-up or isu-state, the relaxation of the nuclei is initiated by the weak nuclear 1000 
interaction. Apparently, the most unexpected result of this study is represented by the fact 1001 
that we discovered the unified physical nature of decays in the nuclear matter under the 1002 
action of weak nuclear forces. These decays can be initiated by both a low-temperature 1003 
plasma and the collision of countermoving proton beams with characteristic energies higher 1004 
than 1 TeV per colliding proton pair. In either way of initiation, the necessary condition for 1005 
this type of decay – large enough drop in the strong nuclear interaction, is met. In the first 1006 
way, this is achieved by the “soft force”: by initiating an inelastic interaction between the hot 1007 
(on chemical scales) electron and the nucleus denying the K-trapping, which produces a 1008 
certain mass deficit in the resulting nucleus. In the second way, it is achieved by a direct 1009 
high-energy action: by increasing the kinetic energy of the baryon quarks. 1010 

It is the above approach that we successfully used before to understand a large enough 1011 
set of experimental data on the initiation of low energy nuclear reactions and acceleration of 1012 
radioactive α- and β-decays in a low-temperature plasma. Taking the metastable non-1013 
nucleonic states of the nuclear matter into account in the study of the above high-energy 1014 
collisions made it possible to understand the nature of various recorded decays of highly 1015 
excited hadrons, which are effectuated by the weak nuclear interaction.  1016 

The concept stating the existence of metastable states of the nuclear matter, in which 1017 
the nucleonic structure is locally shaken up, enabled us to present the arguments 1018 
substantiating an alternative approach to interpreting the experimental results [1]-[3] and 1019 
question the need to introduce a fifth fundamental interaction into the physical science, 1020 
additional to the electromagnetic, nuclear strong/weak, and gravitational interactions, which 1021 
can relate ordinary matter and hypothetical dark matter.  1022 
 1023 
 1024 
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