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METASTABLE NON-NUCLEONIC STATES OF NUCLEAR MATTER:
PHENOMENOLOGY

A hypothesis of the existence of metastable statesuclear matter with a locally shaken-up
nucleonic structure of the nucleus, was proposeédeaSuch states are initiated by inelastic
scattering of electrons by nuclei along the pativedk nuclear interaction. The relaxation of
such nuclei is also determined by weak interactidriee use of the hypothesis makes it
possible to physically interpret a rather largeugref experimental data on the initiation of
low energy nuclear reactions (LENRS) and the acatta of radioactivei- andp-decays in

a low-temperature plasma. The possible mechanigrhENRs implemented in a Rossi E-
CAT reactor are discussed. It is also suggestedtiigametastabléesu-states of a different
type occur as a result of high-energy collisiongafticles, when heavy hadrons (baryons,
mesons) are formed in the collisions of protonshvaharacteristic energies higher than 1
TeV. This kind of concept makes it possible to ptay interpret the recently recorded

anomaly in the angulag'e” correlations of positron-electron pairs emittedha radioactive
decays of exciteBe nuclei formed by the interaction between protoiith kinetic energy ~

1 MeV and’Li nuclei. A recent hypothesis of the existence afay®ther, fifth fundamental
interaction by Feng et al, in addition to the sgfoveak nuclear, electromagnetic, and
gravitational interactions, might be introducecigplain this anomaly.

Keywords: metastable non-nucleonic states of nuclear matter; low energy nuclear reactions;
heavy hadrons; heavy quarks; inner shake-up state of nuclear matter.

1. INTRODUCTION

Recent studies [1], [2] suggested that there mighta fifth fundamental interaction, in
addition to the strong/weak nuclear, electromagneind gravitational ones. They were
initiated by the study [3], in which the authoradied the radioactive decays of excifie
nuclei with energies of 17.64 and 18.15 MeV, formedhe interaction of protons with
kinetic energyg, = 1.10 MeV andLi nuclei, usingd.iF, andLiO, targets. The above excited
states were recorded as resonancds, a 0.441 MeV andg, = 1.03 MeV in the process

"Li(p,y)®Beunder study. The authors [3] studied the formatibra positron-electron pair

e’ —e resulting from the internal conversion that accanips the birth of twar -particles

in the radioactive decay of tii8e nuclei. They expected a sharp drop in the prothglf
the correlated formation of ae"—e™ pair as the opening angl® between positrons and
electrons in the laboratory frame of reference aases. However, they recorded an
“anomalous” increase in the angular function witkim angular range o® ~ 130-146,

considering this anomaly as a result of the foramatf the e'e” pair in the decay of a
hypothetical neutral isoscalar boson formed indaheve process, with a rest mass equal to
16.7 MeVE?, wherec is the speed of light in vacuum. In this decag, dpening angle would

be 188 in the system of the center of mass of #fe” pair. It was suggested that the
introduced isoscalar boson, with its expectedififetof ~ 10**s, might be a good candidate
for the relatively light gauge boson performing tlede of the mediator in the secluded
WIMP dark matter scenario. However, the later asialy{1], [2] showed that th&Be

anomaly, which is consistent with all existing espeental constraints, can be adequately
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interpreted only when one puts forward a hypothesixistence of another type of boson, a
protophobic gauge vector bosdh which is produced in the decay of the excitedestd

®Be* down to the ground stattBe* — ®Be*X, and then decays ¥— e’e™. It is the boson
that could be related to the elusive dark mattetha Universe. According to [1, 2], this
gauge boson, with a mass of about 17 M&Ms the mediator of the weak force. The boson
has milli-charged couplings to up and down quarksl &lectrons, but with relatively
suppressed (and possible vanishing) couplingsdtops (and neutrinos) relative to neutrons,
i.e. it interacts with neutrons but is “protophdbamnd ignores protons. The latter allows one
to explain why the X boson might have avoided eartietection. It was shown that the
Standard Model can be easily extended to accommodatight gauge boson with
protophobic quark couplings [2]. As a result, tlestolated boson was associated with a new,
fifth, fundamental interaction, which should beratuced into the physical science [1], [2].

It will be shown below that the recorded anomailiethe angulare’e” correlations in
the radioactive decay of excit€Be nuclei can be qualitatively interpreted on the basdia
new concept rather than the fundamental hypothesade in [1], [2]. We assume that
metastable states can occur in the nuclear matienwhe mass of the nucleus is insufficient
to bind a part of the quarks into nucleons, whitleg rise to local shake-ups in the nucleonic
structure of the nucleus. For these anomalous exkaitates, the relaxation dynamics of the
nuclei crucially depends on the weak nuclear imtéva. Earlier, this assumption made it
possible to physically interpret a rather large agfeexperimental data on the initiation of
LENRs and acceleration of radioactiwen B-decays in a low-temperature plasma. It will be
shown that such states of the nuclear matter waltia&ken-up nucleonic structure can occur in
the high-energy collisions of nuclei too, such astgns in the colliding beams with
characteristic energies higher than 1 TeV. The ephto be introduced will allow one to
understand why the decay of highly excited hadr(eyons, mesons) formed in these
collisions is effectuated by the weak nuclear atéon.

2. ELECTRON FACTOR IN INITIATING NUCLEAR PROCESSES

Phenomenological approach [4]-[7] implies that tthgnamic interrelation between the
electron and nuclear subsystems of an atom, wtichmediated by the electromagnetic
component of the physical vacuum (EM vacuum), eskay factor in initiating LENRSs [8]-
[12] and the radioactive decay of nuclei [5], [Bl3]. This interrelation manifests itself in
experimentally recorded facts that the occurrerfgadioactive decay of nuclei is accounted
for by the positive difference between the totakmaf the initial atom subsystems, electron
and nuclear (whole atom rather than the nucleuseyjloand the total mass of its decay
products [14], [15]. When the mechanisms of LENRd the decay of atomic nucleysN

(Z and A are the atomic and mass numbers of thensid , respectively) are considered,
the nuclear matter is usually represented in tha fof interacting nucleons. In thécapture,
however, when the electron of the inner shellsrofatom interacts with the surface of the
nucleus, giving rise to a new daughter nucleusntieeonic structure of the nuclear matter is
unchanged. At the initial irreversible stage ofthrocess, the electron interacting with the
nucleus surface emits a neutrinoThe resulting virtual vectoV ™ -boson, integrated into the
nuclear matter, interacts with thegquark of one of the protons and is converted deqaark.

As a result, this proton is converted to a neutesmt a nucleustM is formed. However, the

situation can drastically change when Kieapture is energetically forbidden, which are the
cases under consideration below, and the electannacquire a rather high (on chemical
scales) kinetic enerdy. ~ 3-5 eV, which can occur in a low-temperaturespia. In this case,
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when the electron shells are not yet ionized bgedledectrons, the scattering of electrons with
the above kinetic energy (de Broglie wavelength 0.5 nm) by atoms and ions initiates the
oscillation of the electron subsystems of the at@md ions, increasing the probability of
interaction between the electrons of the inner Isels of the atoms and ions and their
respective nuclei.

The first, irreversible stage of this interactianaharacterized by the emission of a
neutrino v and the integration of a vectd™ -boson into the nuclear matter of the initial

nucleus'N :
;N+qge_’z—?.\Miw+v' (1)

As a result, the nucleonic structure of the formedleus, /M _,, with a charge less by one
than that of the initial nucleus, is locally shakep. Indeed, the interaction between the
vectoW ™ -boson and the-quark of one of the protons of the nuclédcan only produce a

virtual d-quark followed by a chain of virtual conversionsquarks involving vectoiV -
bosons. At the same time, the deficit of the tatass of this nucleus prevents from the
formation of a neutron. The resulting state of lomaomaly in the nuclear matter with a
shaken-up nucleonic structure is characterized aetastable inner-shake-up state,sor
state. The latter is indicated by the subscripth@nright of the nucleus symbol in the right-
hand side of (1). The subscript in the electron lsyinin the left-hand side of (1) indicates
that this stage of the process is activated. Thiated chain of virtual conversions of quarks
in which the vectoiV-bosons are involved must be interrupted by theversible decay of

the virtualW™ -boson producing the initial nucleus, electron, antineutrino :
2aMig =N +eE +V. (2)

Consequently, the overall process can be reprabastan inelastic scattering of an electron
by the initial nucleus:

IN+e_ -IN+e +v+v. (3)

The nuclei in which the nuclear matter is in a ratethleisu-state will be called 5 -nuclei”.
The threshold energy for this process producingva pair, which is accounted for by the

neutrino-antineutrino rest masses, is about 0.gLé6Y

It is common knowledge that the nucleus is a sysiemucleons bound into a whole
by exchange interactions in which the quarks arehamged using pions. Therefore, the
formation of three quarks not bound into a nucleoma nucleus, which in this case can be
regarded as “markers” of new degrees of freedorfadty means that the mass of the nucleus
is insufficient to provide the traditional protoeurtron arrangement of the nuclear matter in
the system under consideration. The subsequentatela of the locally formedsu-state,
which can be transferred by the mediating pionsth@r nucleons of the nucleus, is initiated
only by the weak nuclear interactions, which afecttiated by the mediating quarks in the
formation and absorption of gauge vector neuffabnd chargedV* -bosons. In the case
under consideration, this relaxation terminate$ whe decay of the virtual vect@V ™ -boson
followed by the formation of the initial nucleus ithe emission of an electron and
antineutrino. The lifetime of the forme@-nuclei found in the metastabisu-state can be
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rather long, from tens of minutes to several yeansl the nuclei in this state can be directly
involved in various nuclear processes [4], [5].

It should be noted that the relaxation rearrangeroémhe nuclear matter when the
products of these nuclear conversions are formeéfestuated primarily by forming a purely
nucleonic structure of the nucleus, obeying thaqgipie of least action. While the relaxation
processes of de-excitation in nuclei with a proteortron (nucleonic) structure can go via the
excited states of the nucleus and inclyelguanta emission steps, this type of relaxation in
S -nuclei is virtually impossible. Therefore, if tla@omic nuclei in which the nuclear matter
is in a partial “non-nucleonic” state are involvad the processes, the mechanism of
relaxation of the formed products is always accamgzhby energy loss due to the emission
of neutrino-antineutrino pairs, or due to the UR@cess [17], rather than the emission of
y-quanta by excited nuclei, as in the relaxationnotlear products characterized by the
proton-neutron arrangement of the nuclear mattes. for this reason that the corresponding
nuclear processes are safe for the environment.

Of special interest are the cases in which the &ion of isu-states in the nuclear
matter is initiated in initially radioactive nuclbecause the relaxation process with a vector
W™ -boson decay can initiate a general radioactivayle¢ theisu-state nucleus that results
in the formation of daughter products of the deadythe initial radioactive nucleus.
According to [5], [18], the general stability ofetimuclear matter in a metastalde-state can
be lost by changing the boundary conditions forabeponents of the electric field intensity
vector of the EM vacuum at the surface of the nuxie whose volume the nucleonic matter
shake-up occurred. The index characterizing t{id,,, nucleus instability that occurs in the
process (1) is the absolute value of the structerargy deficitAQ (AQ < 0) of this

metastableisu-state nucleus, which is defined &Q =(m, -m AM)cz. In this case, the
mass of the,2M,_ nucleus is taken as Ay =M, tm, wherem,  is the mass of théN

nucleus andm, is the rest mass of the electron.

For example, in the laser ablation of metal samplesn aqueous solution of uranyl,
when a low-temperature plasma is formed in the vapar the metal surface, the interaction

between the plasma electrons and?fe nuclei initiates the formation off“protactinium"

nuclei followed by g-decay of the’>Pa_, nuclei that produces thorium-234 and helium-4

nuclei as the products of decay of the initial uwen238 nucleus:
U +e. - 2Pa +v -2 Th+ He+e +v+7 +Q (427 MeV). (4)

In this case, the effective rate constant for thaited decays of®U nucleus increases by 9
orders of magnitude, giving rise to a kind @& “catalysis” [4]. The deficinQ of structural
energy for the formeg@-protactinium nucleus i&Q =-3.46 MeV. An unexpected result was
recorded in experiments with a beryllium samplee Deryllium nanoparticles formed in the
solution after one-hour laser action showed an ahowsly high rate of formation of
thorium-234 nuclei for more than 500 days afterldser ablation was completed. The half-
life for the nuclei initiated by the laser ablatitimat produce thorium-234 was 2.5 years.
Naturally, this phenomenon could be associated with accumulation of-protactinium
nuclei in beryllium nanopatrticles in the laser dibla, which lasted as short as an hour.
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Additional examples are th#& -decay of 7Co, ‘7/Cs and’;Banuclei initiated by the

e -catalysis mechanism, for which the half-lifg, is 1925 days, 30.1 years, and 12.8 days,
respectively [4], [7]:

Mo+e, - 5Fe, +V - SNi+2e +v+2U +Q (282MeV), (5)
iCs+e, »oXe, +V-"2Ba+2e +V+2U +Q (118 MeV). (6)
WBate, > 'wCs, +V-"la+e +V+2U +Q (L05MeV) . (7)

In these examples, the deficits of structural epex@, which prevent thésu-state 5 )Fe, ,

®Xe,, and *%Cs, nuclei from coming to the stable ground stateshef huclear matter

referring to they Fe, 5/ Xe, and ;2 Csnuclei, is -0.237, -4.17, and -6.22 MeV, respedyive

It can be expected that the initiation effect afofflons on thg ~-decay of nuclei in a low-
temperature plasma will be best manifested whenatilute value of structural energy
deficit AQ for theisu-state nuclei to be formed is the highest. Thisliespthat in the above

cases the acceleration of radioactive decay woaldlearly seen for th&€/Cs and ;:Ba
nuclei and minimal for the°Co nuclei. The available experimental data [8] on itiigated
decays of3/Cs, **Ba, and $°Co validate this conclusion: the half-lives®f-active cesium-

137 (30.1 years) and barium-140 nuclei (12.8 daep to about 380 and 2.7 days,
respectively, whereas the half-life of cobalt-6@Qu& to 1925 days, remains practically
unchanged. The Feynman diagrams forfihedecays, positropt * -decays, and-decays of
nuclei initiated by the’-catalysis mechanism are plotted in Fig. 1.
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Fig. 1. Feynman diagrams for initiatea) (3 -decays, lf) B*-decays, andc( d) a-decay

The unexpected character of the result that thaydeta radioactive nucleus can be affected
by external actions consists in the fact that #ffect is associated with electrons, which
cannot interact with the nucleons of the nucleuswadear matter fragments, but can initiate,
with the help of vectolV ™ -bosons, local shake-ups in the nucleonic struatfithe nucleus.
At the same time, the experiments show that thereat excitation of a radioactive nucleus
as a whole system (for example, by the actiony-oddiation) cannot affect the rate of
radioactive decay and, hence, the above initiadgidhe nucleus instability. In these cases, the
nuclear matter manifests itself as a whole systéimteracting nucleons with their inherent
individual characteristics.

Section 6 will show how the external actions ofyvkigh energy can give rise isu-
states in the nuclear matter, which account foidéheay of nuclei.

3. POSSIBLE MECHANISMS OF NUCLEAR-CHEMICAL REACTIOSI

The simplesis-nuclei aref-neutrons angs-dineutrons, which can be formed by the
interaction of high-energy electrons with protopsand deuteronsd™, respectively; for
example, in the laser ablation of metals in anradi or heavy water, as well as in a protium-
or deuteron-containing glow-discharge plasma:

p++qqe_’1nisu+v’ (8)
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d"+e. -°n, +v. )
If the half-livesT,, of theses-nuclei are sufficiently long, the neutral nuclej,, and *ng,,

which are characterized by the baryon numbers e@quaie and two, the rest masses equal to
the masses of the hydrogen atom and deuteriumgcetggly, and by zero lepton charges, can
be efficiently involved in various nuclear proces§8-[7], [13].

Analysis of experimental data on the synthesisitifitn nucleit” in the laser ablation
of metals in a heavy water shows that the half-life of theg-dineutron decay,

ng ~d +e +v (10)
which produces a deuteron, electron, and antimeytis rather long, at least, tens of minutes
[13]. It was assumed that the synthesis occurdibyriteraction between a tritium nucletis

and nucleu&n;:

d*+’n, - t" +n+Q(325MeV), (11)
wheren stands for a neutron. This is accompanied by anqttocess:
d*+n, - He+n+e +V +Q (327MeV), (12)

which is a result of the weak nuclear interaction.
The authors [13] also postulated that the intevadtietween electrons and a tritium nuclei

may produce a hypothetigatrineutron®n_,
t++er:e_’3ns.1+v' (13)

The rest mass of the neutral nucléng, was assumed to be equal to the rest mass of

the tritium atom. It is the formation oh_, that the initiated decay of tritium nuclei in the
laser ablation of metals in aqueous media andythiasis of tritium nuclei can pass through
[13]:

t"+e_ -°n, +V - He+2e +v+2U +Q(0.019MeV). (14)

It should be noted that the half-if§,, of *n,, in the e -catalysis is of the same order of

magnitude as that dn,, which is many orders of magnitude shorter thanhtif-life of the
tritium nucleus Ty, = 12.3 years) [13].

It is shown in [5] that the introduced concepiagi-nuclei with a rather long lifetime
formed in the glow discharge in a deuterium-contgjrgas makes it possible to physically
interpret a group of data [9],[ 10] on the initidtedioactive decay A nuclei in the surface
layers of a tungsten cathode (foil). Note that altgh 5 isotopes of tungsten

(*SW AN B 18w, W) are potentially-radioactive nuclei,

W = "Hf +5He +Q,, (15)

they are usually considered as stable isotopesibea# an anomalously large period of their
half-life, T,, =10 -10" years, which is many orders of magnitude gredian the lifetime

of the Universe. The values of heat rele@sein the radioactiver-decay of tungsten nuclei
with mass numbers A equal to 180, 182, 183, 184 1&6, is 2.52, 1.77, 1.68, 1.66, and 1.12
MeV, respectively. Based on the energy consideraione, one can admit that there are
decays producing severalparticles for the above stable isotopes of tumgstecluding the
decay producing nine particles for the tungsten-180 isotope.
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The concept dealing with the formation of metasabl-state nuclei that we are
developing distinguishes three mechanisms for at@tl nuclear conversions, including
radioactive decays of nuclei:

1. Mechanism of nuclear fusion. The neutral particle$n_ (A = 1, 2, 3) with long enough

lifetimes formed in a low-temperature plasma cdfusgé along grain boundaries deep into
the cathode and interact with the metal (tungsteicjei in the cathode surface layers. In this

case, the interaction and fusion of_, nuclei with ;W isotopes can give rise to excited

AW’ nuclei at the first process step. In additiontte overall excitation energy, indicated
by the asterisk, equal to about 10 MeV relativeheostable ground state of these nuclei, their
nuclear matter due to their fusion witly, can be partially in an unbalancisd-state with a

lost stability in the nucleus bulk. All of this cses the resulting conversions accompanied by
the emission ofa particles and daughter isotopes. Note that inreshtto the nuclear
reactions that occur in the collision of reactantthe gaseous phase, the energy factor alone
due to the possible effect of the environment isugh to effectuate the above nuclear
conversions in the region of grain boundaries ef ¢blid metal phase, with the unmatched
spins and parities of the colliding and resultinglei.

Experimental works studying the conversions in tilew discharge in a deuterium-
containing gas recorded the formation of new eléménthe surface layer of the tungsten
cathode after it was treated by the plasma for Z twurs, which include not only stable
isotopes of erbium, ytterbium, lutetium and Hafnjubut also radioactive isotopes of
ytterbium and hafnium [9], [10]. While the formatiof the stable isotopes could be assumed
to be related to the diffusion of impurity elemefrtam the cathode bulk to its surface treated
by the plasma, the formation of the radioactivadpes definitely points to the radioactive
decay of tungsten isotopes. As all possible reastifor the initiated decay of various
tungsten isotopes are already reported [5], onlfev@a examples are given below for
illustration:

W+ o %Yb+Bet He + 26 + 2V +Q(10.09MeV), (16)
PW+ng, - TUYb+BetHe + 27 + 2V +Q (10.34MeV), 17)
LW +n,  ¥0Hf +;He+Q (10.26MeV), (18)
PW+ng, - 0Yb+2;He+Q (12.28MeV). (19)

In (16) - (19) it is taken into account that in @deh to the major masses 169 to 180, the mass
spectra of the products recorded the birth and tiraf the peak of mass 9. It should be
noted that the absence of the basic mass 4, comdsy to helium nuclei, in the mass
spectra recorded in [9], [10] can be attributedhe extremely low solubility of helium in
tungsten [19] and the high diffusivity of helium the zone between the boundaries of foll
grains. It is obvious that these transport processsn be accomplished only when the
lifetime of *n_, is long enough for the diffusive transport of ta@gutral nuclei along the foil

grain boundaries to surface layers. This agreds thig conclusion that this time must be no
less than tens of minutes for the synthesis obitnitin the laser ablation of metals in a heavy
water [13].

2. Mechanismof e -catalysis.
The above consideration implies that there mayrmther way of initiating the.-decay of
tungsten isotopes in a glow discharge in experiaiestudies, when electrons with kinetic

8
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energyE. ~ 3-5 eV interact directly with stable isotopestohgsten in thee -catalysis.
Possible examples of these processes are givew:belo

W+e L '%Ta, +v - Llu+2;He+ 26" + 20U + 1 +Q (396MeV) , (20)
YW +e -'%Ta +v - Lu+3jHe+3e + 3V +v +Q (717MeV). (21)

It should be noted that the concept ef-catalysis can be helpful in understanding the
formation of much less than all new isotope prosluetorded in experiments. Therefore, the

processes with’n_, nuclei are considered as basic for the initiatedags of W stable
isotopes.

The above data allow one to state that the nudeaay of initially non-radioactive tungsten
isotopes accompanied by the formation of lighteamednts (erbium, lutetium, ytterbium,
hafnium), which is initiated in a low-temperatutagma (glow discharge), can be considered
as a new type of artificial radioactivity, which different from the artificially induced
radioactivity initiated by nuclear reactions (e.gy, bombardment with alpha particles or
neutrons, giving rise to radioisotopes). It shob&remembered that the stable isotopes of
many nuclei, from neodymium to bismuth, includingtaamtalum-181 isotope, for which
initiated decays similar to those described abaeeakso recorded [9], [10], are potentiakty
radioactive in the same sense as tungsten isotopes.

3. Harpoon mechanism.

The reactions between multi-electron atoms aregbfdst complexity for understanding the
mechanism of low-energy nuclear processes. Themegses are usually considered in the
study of transformation processes in native sys{@@is[22]. It was recently shown [23],
however, that reactions of this type can occuh@initiation of self-propagating high-
temperature synthesis (SHS) [24]. The compositidhe condensed products of thermite
powder mixture (Al + Fg)3) combustion in air was studied [23]. The puritytlod initial
materials was 99.7 to 99.9 mass %. It was shownrtthe combustion of iron-oxide
aluminum thermites with a flame temperature highan 2800 K, 0.55 mass % of stable
calcium is formed. The initial thermite powder gyss (Al + FgO3) did not contain any
calcium. According to [23], the calcium could berfd in the following nuclear reactions:

ZA+EN S Ca+Q(21.8MeV), (22)
ZA+YN - %Ca+n+Q(244MeV). (23)

The formation of calcium in the experiments [23]pires that the temperature of
electrons in the flame of combustion of iron-oxalaminum thermites in air can be much
higher than the flame temperature estimated usiegehergy of atoms and ions. It is the
case that is typical for the low-temperature plasma glow discharge. In this case, the

interaction of high-energy electrons with nucledl and“'N could produce nucl€Mg,,
and *C_,, respectively. Among these nuclei, the nucféMs,_, shows the highest activity

Isu ?

in the nuclear interactions because the deficitso€nergy relative to the nucled@Mg is

AQ = - 2.61MeV, whereas the energy deficit for the nucléi@,, is much lessAQ = -0.16
MeV.
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Following [7], assume that when the nucleus oftamaor ion is in a pre-decay metastable
isu-state (supposedly;Mg,, ), the lability of its electron subsystem is highed it is likely

that this subsystem can partially overlap the ebacsubsystems of the neighboring atoms
(specifically, the nitrogen atom). It is obviousithhe high values of energy release in the
overall processes (22) and (23) should act asaitterf initiating the spin-spin interaction of
the electron subsystems of both atoms and the tmmaf common “molecular” orbitals
with the correcting action of spin electron-nuclederactions for each atom. The emerging
bonds bring both atoms closer to each other, amdbtimation of common orbitals is more
intense as the nuclei are brought closer to edwdr.othis brings about a kind of “harpoon
mechanism” in which the atom with &u-state nucleus captures the adjacent atom. The
complete integration of the electron subsystensotti atoms initiates the fusion of the

nuclear matter of thisu-state nucleus’(Mg,, ) and the adjacent nucleu$N ). In this case,
the overall processes can be written as

ZA+N+e - Ca+e +v+V +Q(21.8MeV), (22)

ZA+IN+e, o Ca+n+e +v+U +Q(244MeV) . (23)

Earlier, the harpoon mechanism was considerechéonticlear transmutations in native
systems [7].

Because weak nuclear interactions are involvetienféermation of the nuclear matter
in the final nucleus as a set of interacting nugste@ significant part of the energy can also
be released by emitting neutrinos and antineutnmosn the final nucleus can be formed in
the ground state, obeying the spin and parity agasen laws. At the same time, when the
final nuclei are formed in the excited state, than-onizing radiation of neutrinos and
antineutrinos will be accompanied by the emissibK-cays or gamma quanta. These X-rays
were already reported experimentally [23].

The above phenomenological analysis shows thatderdo understand the
mechanism of nuclear transformations observedarbtirning of thermite mixtures, of great
importance is the development of new theoreticpl@gches to simulating the dynamics of
nuclear processes on the basis of quantum-cheamedysis rather than estimating the
guantum mechanical probabilities of some proceddgs.simulation will involve (1)
calculations of the electron structure of an atohnemisu-state nuclei with a shaken-up
nucleonic structure are formed; (2) model calcataiof the spatial instability of the atom
electron subsystem, which is caused by the loiseofucleus stability; (3) calculations of the
overlapping of these “mobile” orbitals with the @i®n orbitals of the adjacent atoms and
formation of molecular orbitals that initiate thgpaoach and fusion of the corresponding
nuclei. Analysis of the nuclear radioactive decaymequire the discrete Kramers’ activation
mechanism (“roaming” over energy levels to reackrmain boundary) [25], which is
commonly used in the physicochemical kinetics. Heeamply the dynamics of energy
accumulation by an unstabkei-state nucleus on its “last” bond, the disruptiémvbich
leads to the decay of the nucleus along a certtim p

4. NUCLEAR CHEMICAL PROCESSES IN ANDREA ROSSI'S ARCREACTOR

The above concept of initiating low-energy nuclebemical reactions by the
mechanisms of nuclei fusion am -catalysis can be used to physically interpretrésailts
of testing A. Rossi's energy E-Cat reactors as {#26]). Let us briefly discuss the results of
testing the E-Cat working chamber of the Rossi'actar, presented by a group of
international experts [27]. The working chamber veasollow ceramic cylinder 2 cm in
diameter and 20 cm long, into which the researclmaded a fuel: about 0.9 g of finely
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dispersed nickel powder with all stable isotopessent oNi, ooNi, oNi, 22Ni, and
>Ni of 67, 26.3, 1.9, 3.9 and 1 %, respectively), arddd)of LiAIH, powder §Li and ]Li

isotopes of 8.6 and 91.4%, respectively). The dginvas sealed and then heated. The tests
were carried out for 32 days at chamber heatingpéeatures up to 1260 °C (first half of the
time) and 1400 °C (second half of the time). Thergy released in the tests was measured
using the value of the heat flux produced by thandber. In the tests, the overall excess
energy of 1.5 MWh was produced, corresponding ¢octeamber efficiency higher than 3.5.
The researchers recorded changes in the isotopipasition of the main fuel components
(nickel, lithium), for which the initial compositio of stable elements was close to the
tabulated natural composition. After the tests, ib&opic composition of the recorded
components was dramatically changed: almost akehipowder, more than 98%, was a
nickel-62 isotope (about 4% initially); the fraatieof lithium-7 dropped to about 8% and
lithium-6 jumped to about 92%. The isotope abundaraf the initial fuel and final “ash” in
the tests are listed in Table 1 [27].

Table 1. Isotope abundances for the initial fuel inal ash in the tests [27]

lon Fuel Ash Natural
Counts in Measured Counts in Measured abundance
peak abundance [%)] peak abundance [%)] [%]
oLi* 15804 8.6 569302 92.1 7.5
Li* 168919 91.4 48687 7.9 92.5
N * 93392 67 1128 0.8 68.1
OONi* 36690 26.3 635 0.5 26.2
OIN{* 2606 1.9 ~0 0 1.8
O2Ni* 5379 3.9 133272 98.7 3.6
SN 1331 1 ~0 0 0.9

According to the above concept, the recorded chamglee isotopic composition of
main fuel components, nickel and lithium, in thegence of the hydrogen given off in the
decomposition of LiAIH at the above temperatures may be caused by theafion of a
protium-containing plasma in the reaction volume &me occurrence of neutral metastable

nuclei 'ng,. Like neutrons, these neutral nuclei can intesaith the nuclei of elements

constituting the fuel, accounting for the changesuoring in its elemental and isotopic
composition, which is accompanied by the correspanenergy release:

JLi+'ng, 2 He+e +VU +vU +Q(L735MeV), (24)
ZA+n, - HetZMg+e +U +vi +Q (160MeV), (25)
ZA+Nn, - 25 +e +7 +vU +Q(L158MeV), (26)
SNi+'n, - sHe+sMn+¢e" +v +v0 +Q (235MeV), (27)
SNi+ng - sHe+>Fe+vi +Q (047MeV), (28)
sNi+ng - JHet+ JFe+vU +Q (280MeV), (29)
S2Ni+'ng, - sHe+Co+e +V +vi +Q (034MeV), (30)
2Ni+ng, - SCu+e +V +vv +Q (745MeV), (31)

The above list of reactions implies that the spe¢der component unit mass) energy release
is the highest for the lithium-7 nuclei. At the sartime, when the mass fraction of the
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lithium-7 isotope in the system is low, the totahtribution to the heat release of the nuclear
reactions of'n_, nuclei with all other fuel elements, such as alwmi and nickel isotopes,

can become dominating. The almost complete disappea of isotopegLi and ;°Ni in the

ashes, which was recorded after the chamber weegltésr more than a month, implies that
the values of rate constants are rather high nigtfon the processes (24) and (27), but also
for the other nuclear processes in which the nesmital elements are formed.

To understand the specific mechanisms accountinghe major changes in the fuel
composition during the E-Cat operation, includiig talmost complete exhaustion of the
lithium-7 isotope and the dominant growth of thekei-62 isotope in the ash, it is necessary
to consider the other nuclear reactions, whichatao change the isotopic composition of the
initial nickel. In these reactions, the energy iealraway by the formed neutrinos and
antineutrinos can noticeably reduce their heatsgls, as compared to the above reactions:

saNi+n, - 52Ni +v7 +Q (822MeV), T,,(5Ni) = 7.6 10" yr (32)
SN+, — aNi + Vi +Q (704MeV),, (33)
SNi+ng, - 2Ni + v +Q (981IMeV), (34)
saNi+n, — 2Ni +v7 +Q (605MeV),  T,,(sNi) =1001yr , (35)
saNi+ng, - 52Ni +v7 +Q (532MeV), Ty, (55Ni) = 252h, (36)

The long half-life of the)Ni isotope practically excludes the process in whieh

other nickel isotopes decayed in the tests arelénéghed” with the ’Ni isotope, whose
fraction is twice the fractions of the other nickebtopes. Therefore, the almost complete
absence of thg:Ni isotope in the ash should be attributed to thegsses (28) and (33). It
can also be assumed that the processes (29) ah@dBdunt for the disappearance of the
SNi isotope in the ash; meanwhile, the process (3#ijgbrthe isotopes;Nito the ash,

providing its prevailing abundance among the othekel isotopes in the ash. The additional
contribution to this prevailing abundance is magléhe “low” value of rate constant for the

decline of thel’Ni isotope in the reaction (30), which describesftimation of cobalt with
a low energy release in the process. It is alsomitapt to note that the long half-life of the
2Ni isotope practically prevents from increasing tberalance of the isotop&Ni in the

ash, and the process (31) provides an almost coengdaversion of this isotope in the initial
nickel to the copper-65 isotope.

Admittedly, the above arguments can only qualijivexplain the ash composition
recorded in the test. In this case, of high intemsild be a comparative study of the
elemental and isotopic composition of the ash aitdai fuel by inductively coupled plasma
mass spectrometry [28], successfully used beforestiadying the isotopic composition of
impurities in the nickel in the laser ablation ohiakel sample in water. Here, it is important
to study the changes in isotope ratios for varglements in the ash and initial fuel, primarily
for the base element (nickel), as well as for tleenents formed in the processes (24) - (31),
such as magnesium, silicon, manganese, iron, ¢c@maltcopper.
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505 5. TIME VARIATION OF THE #U/?U ACTIVITY RATIO IN GROUND-WATER

506 FLOW SYSTEMS

507 One of the manifestations of the above-describéihied 2% nucleus decays is the
508 well-known time variation of the basic, close tatynratio of the activity levels of uranium-
509 234 and uranium-238 involved in the same decayncludi radioactive transformations
510 (uranium/radium series) in the surface ground vgatérseismic and volcanic regions [29]-
511 [31]. The activityy,, introduced as the decay rate of tié uranium isotope, is defined as

512 1. =kN,, wherek and N, are the decay rate constant and the numbethoisotope nuclei
513 to be decayed, respectively. Note that the fractorof the uranium-234 isotope in natural
514  uranium ores is as low a@;,, = 0.0055%, with a half-lifél,,(*U) = 2.4510° years. At the
515 same time, the fraction of the uranium-238 isotops 6,,,= 99.3%,
516  yieldingx = 6,,,/6,5, = 554010, with a much longer half-lifel,,(*U) = 4.4710° years.

517 The corresponding decay rate constants are retgtéte formulek,,, = Ky Oy -
518 It means [30] that in undisturbed minerals oldeanthseveral million years, the

519 abundances of*U and its intermediater -decay product?*U , reach a state of secular

520 equilibrium. Under these conditions, the activity atio (AR),
T,,(*U) 8

521 /7234//7238:WE ZU/PUAR, will equal unity. However, natural waters,
Tyz( 4U)Hze,s

522 especially in seismically active regions, typicadlge enriched iU with U /*U AR

523 between 1 and 10 [30]. The uranium concentrations ZU/%U AR ratios in saturated-

524 zone and perched ground waters were used to shadiydrologic flow in the vicinity of
525 Yucca Mountain [30]. Thé& data were obtained by thermal ionization masstspaetry for
526 more than 280 samples from the Death Valley redifhoa system. Wide variations in both

527 U concentrations (commonly 0.6-1@ ™) and #U/*UAR (commonly 1.5-6) were
528 observed on both local and regional scales. Thengravater beneath the central part of
529 Yucca Mountain had intermediate U concentratiorisabdistinctive U /%U AR of about

530 7-8. Itis necessary to add that about 600 seisw@nts have occurred near the site in the last
531 20 years alone, with a 5.6-magnitude earthquakiehidgapened as recently as 1992. There is
532 also an evidence of relatively recent volcanic\digstin the area.

533 Similar results were reported elsewhere [31], whd#re measurements of the

534  #4/%U AR in groundwater samples were used for monitorirgairrent deformations in
535 the active faults at the Kultuk polygon, West Shofrkake Baikal, for earthquake prediction.
536 It was observed that tR&U /U AR fluctuated in time, with the duration of cyclesdan

537 amplitudes of*U/?*U AR fluctuations were variable in the range of 1.5-3:3d the cycles

538 of ®U/*UAR in water were synchronized in the lines of the iwimg stations in the

539 sublatitudinal and submeridional direction at tineetintervals when seismic shocks occurred
540 at the Kultuk polygon. The U concentrations in tireund-water samples of the Kultuk

541 polygon ranged from 0.0087 to 5 mcg/l. The basknacdo of U /U AR variations in

542 groundwater, recorded in the Kultuk polygon during monitoring session, was examined in
543 connection with the seismogenic activation of thestern end of the Obruchev fault.

544 It is commonly believed thatU enters solutions preferentially as a result oksalv
545 mechanisms related to its origin by radioactiveageof U [30]. These mechanisms
546 include damage of crystal-lattice sites contairfiilg and the preferential release 81 not
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bound to the crystal lattice from the defects afienals, as well as direct ejection of the recoill
nucleus into the water near the boundaries of ralrgrains.

At the same time, the results of [29]-[31] sugdlat the mechanochemical processes
in relatively small volumes of uranium ore in orepdsits located in the geologically active,
including seismically and volcanically active, zenef the Earth's crust are the important
factor that can account for the significant change$*U /U AR under study [31]. These
zones can be characterized by the emergence ofnmégianical stresses, initiated shifts in
the ore, and the formation of cracks and fissuféese processes in the U ore at high local
mechanical pressures can not only change the steuct groundwater flows in the zone, but
also give rise to high local electric fields andiate the decomposition of water molecules
and the formation of high-energy (on chemical sjakdectrons. In this case, the concept
developed in this paper allows us to expect thatfdimation of cracks and fissures in a
uranium ore can initiate the radioactive decay @nwum-238 nuclei by thee -catalytic
mechanism, producingsu-state g-protactinium nuclei. Note that it is the phenomerad
mechanically activated nuclear processes discovertwe works of Deryagin et al. [32], [33]
that can be regarded as the starting point in the stage of studying LENRsS, which is
usually attributed to the work of Fleischmann andn$ [34]. For instance, it was
experimentally recorded that the destruction ojets made of a heavy {D) ice by a metal
striker with an initial velocity of 100-200 m/s ghaces neutrons, and their number is several
times higher than the background level [32]. Intcast, no new neutrons were recorded
when the same action was applied to the target rofae ordinary (HO) ice.

Assume that when a fissure is formed, a fractionrahium atoms leaves the fissure
surface layer of the uranium ore and is dissolvethe agueous phase, with each isotope
dissolved according to its abundance in the oredithahally, assume that a very small
fraction ¢ (& << 1) of Na3g huclei of the main uranium-238 isotope that pasthé agueous

medium is activated in the fissure formation by #hecatalytic mechanism and converted to
isu-states-protactinium nuclei. Without this activation, thetivity level ofN3g nuclei of the
atoms of uranium-238 isotope in the agueous medign,= K 5N, Was equal to the

activity level 77,5, = K,3,N,;, for the Naz4 nuclei of uranium-234 isotope that passed to the
aqueous medium. Section 2 implies that in theatatl radioactive decay, the effective decay
rate constant U nucleik,,,, for a relatively small numbef of Nozg nuclei in the aqueous

medium can dramatically change. It is wise to U dbove in considering the simplified
decay of uranium-238 and uranium-234 isotopeshis tase, the decay of “intermediate”
thorium-234 and protactinium-28¥isotopes with short lifetimes, which are also iweal in
the radioactive uranium/radium series, is takenajutonsideration. The balance equations
for the numbers df,35 andNy34 Nuclei at a steady-state concentration of urar@34hisotope

in the aqueous medium can be written as

dN K
—dt238 = _kzas(l_ C()Nzas — §KyzgNyzs = _kzegSNZSS' (37)
dN K

d:34 = —K,5,N 5, + k238(]_— E)N238 + EKy3gN 55 = 0. (38)
Here,
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= kzsg{lu{%—lﬂ (39)

238

is the effective rate constant for the decay ofuhenium-238 isotope when the radioactive
decay of the fractioné of uranium-238 nuclei is initiated by external ttas and
characterized by the decay rate consﬂéglgt. Equations (37)-(38) yield the desired formula

for the ratio of activity levels of uranium-234 andhnium-238 isotopes in open systems in
which the initiated accelerated decay of uraniur8-@3effectuated:

’7234/’7238 = EZM e = ZSU/ZSSU AR=1+ [(@ _1) (40)
238 N238 k238

In this case, the apparent higher activity levethe uranium-234 isotope cannot be
attributed to the fact that the groundwater isatiyeenriched with®*U nuclides because its
release to the aquatic medium is easier due talé¢itay of the mairf*U isotope, as is
usually assumed [30], [31]. The increased conterftdf nuclei in the aqueous medium is a
result of the decay of*U nuclei initiated by the formation of cracks anssfires, which
producess-protactinium nuclei by thes -catalytic mechanism; their release to the aqueous
medium, and their subsequent decay along the obfithhe radioactive uranium/radium
series. The reference value Iégs/km ~10° estimated in [4], showing a possible increase by

9 orders of magnitude of the decay rate constanthi® U nuclei in the laser ablation,
implies that for the ratio$*U/%0U AR ~ 5-10, characteristic for the system studied3j [

to take place the fractiod of activated.Pa_, nuclei relative to**U nuclei in the aqueous

media must be ~ (0.5-0)0°.
Subsequent experiments can show how, based on ¢bbamically activated decay

processes of uranium-238, new energy technologirshe created with a controlled supply

of nuclear “fuel” in the’:Pa_, form to a reactor system.

6. NON-BARYONIC STATES OF NUCLEAR MATTER AND “HEAVY” QUARKS

It is well known that quarks as subunits of hadrorenifest themselves as free point
objects in the energy and momentum transfer in ghaon collisions occurring in the
colliding beams with characteristic energies of entran 1 TeV for each pair of the colliding
nucleons [35], [36]. As a result, the quarks caratsociated with the independent degrees of
freedom of nuclear matter. When the decays of edditadrons that were formed in these
high-energy collisions of particles are considerié@, quarks are traditionally regarded as
elementary particles with “point” electric charges of —1/8or +2/3e, wheree is the absolute
value of the electron charge. It is as such pagithat the quarks are involved in the Standard
Model of Elementary Particles [36].

In this section, the concept stating that non-rauleisu-states may occur in the
nuclear matter will be used in considering a sgtroblems arising in the study of decays of
the excited baryons and mesons that were form#ukeihigh-energy collisions of protons and
characterized by highly excited states of “decalieir characteristic half-lives are quite
long, ~10*%10® s, which implies the dominant role of weak nuclgderactions in these
decays. These times are higher than the charaiterigtlear times by 10 or more orders of
magnitude. According to the Standard Model [36F][3 addition tou- andd-quarks, which
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are characterized by the so-called current quarksesof 2.3 and 48eV/c?, respectively,
the excited hadrons contain heavser c-, andb-quarks with current quark masses of 95,
1275, and 418MeV/c?, respectively [37]. When there is, at least, oeavy quark among the
three quarks of a baryon, the baryon is called yiedhe mesons formed by a quark-
antiquark pair are called heavy when the quarle#/i.

When the decay of heavy hadrons is discussed, @ntcs usually made on purely
formal aspects related to the classification ofrgsian the Standard Model of Elementary
Particles [36], which is based on the requiremerfitsymmetry for the wave functions of
baryons as fermions and mesons as bosons withdrégathe quantum numbers additively
introduced for heavy quarks. This allows one to fatepossible decay paths for the heavy
hadrons to be formed, using a given set of theantum numbers. However, the nature of the
introduced new quantum numbers, definedsgstrange),c (charmed), and (beauty or
bottom), remains unclear. It is not clear what kofdohysically interpreted parameters can
account for the above differences in the masseeafy quarks. In addition, it is unclear how
each of the heavy quarks is converted to lightr d-quarks in the decay of heavy hadrons,
because the hadron-products formed in the highggramillisions of protons or nuclei contain
only light u- or d-quarks. There is no discussion yet about the natutke confinement of
guarks, defined as the impossibility of separatjongrks from the nuclear matter and studying
them in a free state. Instead, an assumption isentizat the force of mutual attraction of
guarks rises as the distance between them increagbeut any discussion about the nature
of this force.

It is suggested in this study that the above mmisl can be studied in terms of the
phenomenological approach (qualitatively rathemtlggantitatively) if it is assumed that
qguarks are not elementary particles but kinetic keva; three for baryons and two for
mesons, for the large fragments of the nuclearenatthich are bound to each other by the
strong nuclear interaction effectuated by the ergbaof pions. It is these interactions that
account for the confinement of quarks as quasigest In addition, assume that the highly

excited hadrons, such as charged baryonsieutral baryons , and mesons , which are

formed in the collisions of high-energy particlesse their stability, which is provided by the
exchange of pions, because of the relative highggnmovements of the current quarks, and
come to anisu-state of decay. The subsequent relaxation ofishetate of such excited
hadrons and the formation of decay products, sicmucleons, pions, and leptons, are
initiated by the weak nuclear interaction betwess quarks found in the hadrons using the
formation and absorption of gauge vector bosons.

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

based only onu- andd-quarks, the corresponding- and d -antiquarks, and virtual pions
and vector bosons. We will try to understand wheihis possible to hypothetically identify
the degrees of freedom, which can be defined asytmaarks, in the excited system. Here, it
is implied that the polarization of the nuclear med in the vicinity of its quarks could
effectively cause an increase in the current massdegeu- andd-quarks, converting them to
heavy quarks.

To date, the researchers have discovered many tfpgscays of excited baryons,
including those producing both neutral and chargadicles at intermediate stages, which
leads to a wide variety of final neutral and chdrgarticles, such as nucleons, pions, and
leptons [36], [37]. Consider several examples @& tlecay of excited nucleons andp’,
parenthesizing the hyperon (heavy baryon) thatydet#o form the products of interest. Let
it be hyperoné\(uds ) A% (udc), =°(ddc) and A° (udb ), containings-, c-, u b-quarks. These

quarks are symbolically shown in the parenthesqueatk composition of the hyperons. The
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processes below show the intermediate and finaydpooducts for these hyperons, with two
possible decay paths for the hypefon

n(\) - p+m, (41)
n(A) - n+°, (42)
PN » p+K +7T" - pHp +0, +7T, (43)
N (%) - Ng+7m — p+u +v,+m +71T, (44)
N(AY) - N+ +T +7T - pH +V, +T +T° + T +7T . (45)

Feynman diagrams representing the above procesbed) present the complicated
dynamics ofu- andd-quark conversions in the formation and decay @rgéd and neutral
virtual vector bosons, are plotted in Fig. 2.
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e
Fig. 2. Feynman diagrams for the decay of hypetbacontaind, b) s-quark, €, d) c-
quark, and€) b-quark

It is obvious that the number of pions and muomméd along with a nucleon in the
decay of an excited baryon depends on the totalagion energy of the baryon. As the birth
of, at least, one virtual vector boson is neededfee pion or muon to be formed in the final
state (Fig. &, b, c), one could expect that the processes in whicimtimeber of formed pions
and muons in the final state increases would bengly suppressed because the
dimensionless constamt- of weak nuclear interaction is low. Note, howevhgt when the
processes in Fig. 2 are analyzed quantitativelshatuld be taken into account that the weak
nuclear interactions are not as weak as it is oftesumed. The value of the corresponding
dimensionless constamt. is almost an order of magnitude greater than #daevof fine-

structure constantr,[18], [38]. Indeed, if the dimensionless constafitsaong nuclear
interaction is taken to be, = /2 [18] and the value of squared elementary chafgeeak

nuclear interaction is estimated o =G_ /a2 [36], wherea, =2%h/mzcz 3.310%cm
is the characteristic radius related to the magb@intermediat&® vector bosormy, = 91.2
GeVlc? = 1.62 102 g and G, = 11710°(ic)’/(GeV) is the Fermi constant of four-

2
fermion interaction, we obtainr. ::—F =~ 4.9 10 and, henceg, /a, = 3.45 107°. In this
C

case,a, =1/137= 0.73-10°and, henceg,/a_ = 5.2 10° anda, /a, = 6.7.

Unfortunately, the proton mass is often used inliteeature [35] as the normalizing
mass in estimating the dimensionless constant akweclear interaction, though it is almost
100 times smaller than the mass da®avector boson [36]. As a result, the value of canst
ac is underestimated by almost 4 orders of magnitAdeording to our above estimates, the

correct value of this constant is only 35 timetheathan 5 orders of magnitude, less than the
value for the dimensionless constant of strongeardnteraction. It is this correct value that
accounts for the existence of reliable experimetd#h on the decays of highly excited heavy
baryons that produce five or more pions and a nj8éh

As noted abovay- andd-quarks can be regarded as kinetic markers fosubenits of
nuclear matter. The diagrams plotted in Fig. 2 inthit every decay process given above is
a complicated process with respect to hendd dynamic variables, in which the nonlinear
interrelations with respect to these variablesasgnt the processes of energy redistribution
in the transfer of charged and neutral vector besord account for the emergence of pions
as decay products.

The diagrams demonstrate both the variety of pasdblyon decays for the same
excited state (Fig. 8, b) and the fact that it isnpossible to introduce, in addition tou andd,
new types of degrees of freedom - heavy quarksfi@stige dynamical variables for

describing the entire diversity of complicated dedgnamics of excited baryong” andn’.
The latter follows from the comparison of Figsc &nd Figs. 2d showing the decays of
A:(udc) and Z2(ddc ) hyperons, respectively, which contain, as suppdsedsame heawy
quark, but are accomplished by different mechanisnts 2 and 3 virtual vector bosons
formed, respectively.

The number of examples of this kind that illustrditferent decay mechanisms for

hadrons, which according to the modern theory [BH] contain light quarks together with
one of the heavy quarks, (¢ or b), could be larger if we consider the decays ofviiea

18



747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777

778

779
780
781

782

783
784
785
786
787
788
789

790
791

792

baryons and mesons. It will be wise, however, ®the general phenomenological approach
when onlyu- u d-quarks are considered as the current degreegeddm, which are related
to certain fragments of nuclear matter and chahge electric charge in the absorption and
emission of charged vector bosons.

Concluding this section, it should be noted thagtgn-proton collisions with an
energy of 7-8 TeV produce particles with a four-gugtO] and five-quark arrangement of
nuclear matter [41]. The lifetimes of these partickee ~ 10°-10% s, which is typical for
the resonances. This means that the nuclear excliamgs in the excited systems of 4 and 5
guarks are too weak to keep these systems so foitgsanecessary for their relaxation to be
accounted for by the weak nuclear interaction, Whg true for the systems of 2 and 3
quarks. Experiments of this kind could not recor fitrmation of a weakly decaying strange
heavy dibaryon either [42], in contrast to the lemergy experiments, which produces-a
dineutron.

7. METASTABLE NON-NUCLEONIC STATES OF NUCLEAR MATTER IN DOUBLE
BETA-DECAYS

The doublef -decays of some even-even nuclei [43]-[46] coulcleture candidate

for one of the manifestations of the initiation roktastable states in the nuclear matter, in
which the mass of the nucleus is insufficient (g huclear forces are not strong enough) to
bind a part of the quarks into stable nucleons tednucleonic structure in the nucleus is
locally shaken up. All cases in which this typedetay is reliably recorded are characterized
by half-lives longer than 1Byears, which is several orders of magnitude gretzn the
existence time of the Universe. The main difficitte overcome in studying the doubfe
decay are represented by its low probability and kbng-run experiments needed to
minimize background events as possible, as welbyaslose and thorough analysis of
experimental results. So far, these decays areriexgetally recorded in 10 out of more than
30 pairs of even-even isotopes that can be bourtidogloubles™ -decay. At the same time,
in about the same number of pairs of even-evempsst that can be bound by the double

B* -decay, no decays of this type have not been redoydt. The latter can be a result of a

noticeable difference in the probabilities Bf - and 8" -decay. The double -capture was

recorded for only one nucleu$’Ba isotope.
The above phenomenological concept of the radvadecay of nuclei initiated by
the ¢’-catalysis mechanism [5], [7] allows us not onlyutaderstand the possible reason for

the difference in the probabilitie§™ - and 8" -decay, but also open new opportunities in

studying doubleB™ - and 8" -decays because their rates dramatically rise wheprocesses

are initiated using low-energy excitations. Theeats implied not only by the general result
of [5], [7] regarding the loss of stability du-state nuclei in the nuclear matter, but also by
the experimental data recorded in a group of ssydox example, [9], [10], dealing with the
a-decay of all so-called stable tungsten isotopeff-{ives ~ 13’-10" years) initiated in the
glow discharge.

As a future experiment idea, it is of interest tonpare the characteristic paramet@rand

|AQ| for already and not yet recorded doulfe -decays of different isotopes, including
those of the same element:

Ca+e, oK, +vopuli +38 + 2V +v+Q (427MeV), AQ=-1209MeV, (46)
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SCa+e, - K, +v-STi+3e" +27 +v+Q (098MeV), AQ=-772MeV, (47)

2Se+e, - 2As, v 2Kr +387 +2V +v+Q (30IMeV), AQ=-727MeV, (48)
NSe+e, - 0As, +v- SKr+3e +2V +v+Q(0.136MeV), AQ=-564MeV, (49)
LCd + 6, - YAg,, V- e+ 36 + 2V +v+Q(281MeV), AQ=-615MeV, (50)
UCd + 6, - iAg, +v - SN+ 3¢ + 2V +v+Q (054MeV), AQ=-508MeV, (51)
W +e, - Ta,, +v-"20s+3e +2vV +v+Q (049MeV), AQ=-39MeV . (52)

The value of released enerQyaccounts for the phase volume of the reactionymitsdto be
formed because the process probability is propaatido this factor, whereas the value of

deficit |AQ| for the structural energy of thsu-state nucleus accounts for the extent to which

the stability of the nucleus is lost.
Comparison of the values MQ| andQ for the experimentally studied processes of

double 8™ -decay of calcium-48, selenium-82, and cadmium-isb6pes with those for the

processes not studied yet due to, as we can sudigeistmuch lower probability gives us a
reason to consider the released endpggs the main parameter accounting for the double

[~ -decay — the processes with lower energy releddes.suggestion is supported by the
data in Table 2 (was compiled on the basis of [f8]}]) which lists the values d in the
other 7 processes for which th8™ -decay was experimentally recorded. Note that the

smallest value of parametérefers to the doublgs ™ -decay of uranium-238 nuclei, and this

value, as we can suggest, may account for the $igredue of its half-life, which is 3-4
orders of magnitude higher the values for the ogheuclei.

Table 2. Isotopes with experimentally recorded degbl-decay

Isotope Q, MeV AQ|, MeV  |T,,, years

% Ca 4.27 12.09 (4.3 £ 2.3)x10
3,Ge 2.04 7.01 (1.3 £0.4)x10
82,,5e 3.01 7.27 (9.2 +£ 0.8)x10
% 0Zr 3.35 7.1 (2.0 £ 0.4)x1H
1%,,Mo 3.03 6.24 (7.0 £ 0.4)x1d
116,eCd 2.81 6.15 (3.0 £ 0.3)x10
12 Te 0.87 4.38 (3.5 +2.0)x1b
13,Te 2.53 4.96 (6.1 + 4.8)x10
15CoNd 3.37 5.69 (7.9 +0.7)x1b
235U 1.11 3.46 (2.0 £ 0.6)xtd

Below we list several doubg” -decays of even-even isotopes among which there

may be processes with the values@otommensurate with those at which the doyble
decay is effectuated:
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19500 + 6, - 'PAg,, +v 'L+ 2e" +e +3y+Q(278MeV), AQ=-0094MeV,  (53)
0500 + 6, - PAg, +v— D3+ 26" +e +3v+Q(027MeV), AQ=-165MeV,  (54)

112

gy + g LW, +v-2Cd + 26" +€ +3v+Q (192MeV), AQ =-066MeV (55)
12Gd + e, - S%Eu, +v - 29+ 2e* +e +3v+Q(0.058MeV), AQ=-182MeV.  (56)

In the above processes, the possible candidateps®tare cadmium-106 and tin-112.
At the same time, the comparison between tfé 2and 28~ -decays shows that their values

of |AQ| are much different from each other (see the TalterBpiled on the basis of [43],

[45]). It is the low values oFAQ| that may account for the low probabilities gf 2-decays,
because any radioactive decay of nuclei begins tghnitiated (either due to fluctuation or
by the action of external factors) interaction of alectron in the inner shells of the
radioactive atom with its nucled®l, which produces an intermediaisu-state nucleus

,2M, [5], [7]. As the rates at the stage where,th® , nucleus is formed are much higher
when the process is initiated in a low-temperaplesma, the possibility of recording® -
decays may be higher for the isotopes charactehyethe highest values ctu&Q| and Q.

Probable candidate nuclei for these decays amdgy3dl-active nuclei are listed in Table 2,

where the barium-132, xenon-126, and tellurium-is2opes may be expected to become
the most promising candidates for experimentalistudf 25°-decay.

The above difference in the values |d§Q| for the 287 - and 28" -decays is
reasonable to attribute to the initiating role lé £lectron factor in the radioactive decays of

nuclei [5] occurring in our asymmetric Universe, igthis characterized by the recorded
existence of the matter with atoms composed of eteany particles and the absence of the

antimatter with atoms composed of antiparticlessTiference in probability of the 2 -
and 23" -decays can be considered as one of the argunmefasadr of the hypothesis of the

activating role of electrons in radioactive decdpsleed, the nature of these differences for
radioactive decays cannot be understood in termgemérally accepted approaches.

Table 3. Possible doubl8” -decay candidates for even-even isotopes

Isotope Q, MeV AQ|, MeV
% Ru 2.72 0.254
10¢,¢Cd 2.78 0.194
Y2, Sn 1.92 0.664
120, Te 1.70 0.982
124, Xe 3.07 0.295
126, Xe 0.90 1.258
13 ¢Ba 2.58 0.368
1%;¢Ba 0.833 1.28
13%,Ce 2.01 0.433
158seDy 0.708 1.045
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We suggest that the above doulffedecays must be accompanied by the coupled

conversion of quarks of two neutrons in tf€ -decays or two protons for th8" -decays in
the emission and absorption of vector bosons. ésdlprocesses, the initiating role is played
by the quasi-free (within the nucleus) quarks emeéron the formation of thesu-state of
nuclear matter. The corresponding Feynman diagravhggsh schematically represent the
dynamics of the interactions effectuated in doyblelecays, are plotted in Fig. 3.

Fig. 3. Feynman diagrams for initiate) 3~ - and p, ¢) 2 3" -decays

Note that when doublg3-decay diagrams are discussed, the dynamics oflewup

conversions are taken into account only when theayte without neutrinos, which are
possible when the neutrino and antineutrino arestimae particle (Majorana neutrino), are
considered [46]. As we can expect that the chanatitetimes of 25-decays initiated by

low-energy actions will be many orders of magnitietes than the values usually recorded in
experiments, there is a hope to see in the futateonly new experimental data on double

B~ -decays, but also the first data ¢gh' -decays, as well as to get some idea about the
extension to which the lepton number conservatgnih the 25 -decays is violated.
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8. NATURE OF THE ANOMALY RECORDED IN THE BERYLLIUM-8 DECAY

Let us discuss the anomalies in the angular caivaek between the positrons and
electrons emitted in the radioactive decays ofterciBe nuclei [3]. As in [5], we assume
that the decay of dBe nucleus is preceded by its interaction with onéhefelectrons in the
inner electron shells of the atom, which emits atreo v and produces an excited metastable
isu-state SLi;, nucleus:

HLi+p-JBe, Be +e -0l +v -2He+2e +e" +v+V. (57)

Based on the above decay diagram for the excj@e nucleus, we can suggest a new
formation mechanism for a correlatete”™ pair in the reactiorfLi(p, y)°Be when two states
of the 2Be nucleus, 17.64 MeV and 18.15 MeV, are excitedndle experiment [3], which
is alternative to the one proposed in [1]-[3].

As noted above, the nature of the excitatiorfBé nuclei initiated by the collisions

with nucleons, when the entire nucleonic subsysiéthe nucleus is excited, is substantially
different from the nature of the local metastaisleexcitation caused by a shake-up in the

nucleonic structure ofLig, nucleus and the loss of the overall stability afsth3-nuclei.
The latter depends on the absolute value of stralctmergy deficitAQ = (m, - mgu)c2 and

the difference in the masses fBe and jLi nuclei in the ground state. Therefore, we can
assume that the excitation energy of the nuclesnlisystem of théBe nucleus can be
almost completely kept in the nucleonic subsystérhe SLi,, nucleus if the latter has the
corresponding excited state. In this case, it b&soabvious that the efficiency of the decay
of the excited:Li’, nucleus that emits two alpha particles and a taige e'e” pair will
depend on how close one of the excited stateseoflth nucleus approximates the excited
state of theBenucleus [47].

Here we must take into account that the probabdftgmittingy quanta by excited
nuclei, which depends on the width of the corresiopom excited state, and the probability of
emitting photons in the transition of a single atfsom the excited state to the ground state
are initiated by the zero-point oscillations of tekel vacuum [48]. Virtually, the main factor
is the average of squared fluctuating values oktketric field intensity for the EM vacuum.
As noted above, when a metastalsiestate with a local shake-up in the nucleonic $tmec
is initiated in the nuclear matter, the irreversilbbss of the nucleus stability is likewise
accounted for by the EM vacuum as a result of casng the boundary conditions at the
nucleus surface [5], [18]. However, these two einissare independent of each other.

As the ground-state energy for thiei nucleus is 16.005 MeV higher than that for the
2Be nucleus [47], the excited states of 1.635 and 2.V for the :Li nucleus could
formally correspond to the excited states of 176d 18.15 MeV for théBenucleus. For
the JLi nucleus, the excited states closest to the graumedare 0.891 MeV, which is not
high enough for producing agie’ pair, and 2.255 MeV, which is 0.11 MeV higher thha
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above value of 2.145 MeV. If the anomaly in anguarrelations between positrons and
electrons recorded in [3] is effectuated by thevabexcited states gfBe and :Li_, nuclei, it

implies that in this case the width of the 2.255\Wsate for thelLi_, nucleus is larger than
0.11 MeV, and we can speak about a direct correspare between the 18.15 MeV excited
state for the’Benucleus and the 2.255 MeV excited state for ibig, nucleus. Obviously,

this correspondence needed for the anomaly recand@dl to take place may be achieved by
adjusting the kinetic enerds, of the bombarding protons, though not always.

Assume that the anomaly recorded in [3], which he formation of correlated

ee* pairs at their opening angléd ~ 130-146, is mostly due to the exchangedfandu-
quarks localized in the region of non-nucleonic astbility of theisu-state nucleus, which

can migrate over the nucleus, ahdandu-quarks of the superpositiortiel and uu among
the quark-antiquarks pairs produced in the decaseoforZ®-mesons in the samisu-region
of the nuclear matter. Virtually, this exchangeef$ectuated in the annihilation of these

guarks and antiquarks ald anduu pairs producing a correlategle” pair, which is in good
agreement with the decay of a neutral boson studigt-[3].

e-l\/\j e+vv e-vv e+\/v
W PWh oW :

W+
-1/3 +2/3 -1/3 -1/3 +2/3 13
d u d d u d
dd
e+vv e-\/\‘; 9+VV e-v\-;
w? woowt W~
+2/3 d 1/3 +2/3 +2/3 d-113 ~=2/3

-1/3 +2/3 ~"‘1"3 .|.2[3 -213

c
Fig. 4. Feynman diagrams for the formation of datesl e €, eV u e'v pairs initiated by

the interaction between &’-meson (quark-antiquark superpositidﬁ and uu) and the
nucleons of the excitétBe* nucleus
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Possible diagrams for the formation @®" pairs accompanied by the production of

eV ande'v pairs are plotted in Fig. 4. In contrast to theays of bosons as particles with a
certain set of quantum characteristics analyzdd]up3], the quark pairs to be annihilated in

these diagrams can have different relative orbit@ments, as in [49], which does not impose
any substantial restrictions on the sets of quantwmbers for the excited states of the

nuclei; specifically,’Be and SLi_,. For this reason, the results of [3] were disctissHgove

without referring to the quantum numbers for theitexi states of these nuclei.

The developed concept stating the existence of tb@astable states of the nuclear
matter with a local shake-up of its nucleonic sime makes it possible to qualitatively
interpret the formation of correlategle” pairs in the experiment under discussion [3] withou
involving the hypothesis of afifth fundamental iatetion into the physical science.
Admittedly, it is possible so far to speak only ab@ qualitative understanding of the
correlation ofe’e’ pairs in the above process because the exchangpsdds in the region
of nucleus non-nucleonic metastability have nontstadied yet.

An additional clarity in discussing the above altdive could be brought by the new
experiments proposed in [2] to record the anomahethe angular correlations between
positrons and electrons, like those in [3], tha amitted in the radioactive decay of other

excited nuclei. The study [2] deals with the reawidLi(®*He, y)*°B" (19.3MeV )[50] and
"Li(t,y)°Be (17.79MeV) [51] and assumes that the decay of these excit@gssof the
daughter nuclei can produege™ -pairs with the same type of opening-angle anonaalyn

[3].

The developed concept of the radioactive decaybekkcited nuclei producing the
B’ (19.3MeV) nucleus implies that, in the first of the abovectens, the' Be,, nucleus

rather than thé?B" nucleus would decay, producing the final proddtts®He, and ane’e” -

pair. In the second reaction, the final produtts *H, and ane’e” -pair are formed in the
decay of the'lLi, nucleus rather than th&Be nucleus. The above differences are

significant due to the high difference in the grdigtate energies of the nuclei to be decayed
when these energies are referred to the unifiechgreeale. It is this kind of analysis that will
enable us to make an unambiguous choice in comduappropriate experimental studies in
favor of the hypothesis of the existence of a fifttndamental interaction or developed
concept of nuclear radioactive decays. The mostifeignt differences are seen for the

energy levels of{Li_ and '’Be nuclei: the ground state for the lithium-10 nucléug0.444
MeV higher than the one for the beryllium-10 nuslelihe corresponding difference between
the *’Be,, nucleus and?B" nucleus is 0.556 MeV [47].

In view of the above differences, the excited stitel9.3 MeV for the boron-10
nucleus should formally be in correspondence whith éxcited state of 18.74 MeV for the
beryllium-10 nucleus, in which the excited-statergy closest to the latter value is 18.55
MeV. When the width of this state is greater thah eV, the above correspondence can be
true and the anomaly in the angular correlatiortgvéen positrons and electrons emitted in
the radioactive decays of excité®* nuclei can, in principle, be recorded. The situai®n
substantially different when we look for these amties in the decays of excitédBe*
nuclei. The excited state of 17.79 MeV for the blargi-10 nucleus cannot even formally be
in correspondence with the ground state for thieiulih-10 nucleus because the energy
difference between the ground states for the thilD nucleus and beryllium-10 nucleus is
higher than the above excited-state energy for eyllium-10 nucleus. Therefore, the
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desired correlations in the.i(t, )'°Be reaction should be sought at kinetic eneriesf the

tritium nuclei higher than those suggested in EgJt example, the excited states of 1.4, 2.35,
and 2.85 MeV for the lithium nucleus, whose decdy {Li and®H may be accompanied by

the anomaly in the angular correlations of the réed e'e” -pair can be achieved using the
tritium nucleus energies of 21.8, 22.8, and 23.3VMeespectively. This experiment can
become amxperimentum crucis in selecting between the discussed nature alteesafor the

correlated opening angle of thee™ -pair, as well as in deciding whether it is possitd
initiate metastable states with a shaken-up nudaestucture in the nuclear matter and,
hence, validate the new concept of radioactive yieo&nuclei.

9. CONCLUSION

This study may be the first attempt to discuss tgtence of metastable states in the nuclear
matter in which the mass of the nucleus is insigifit (or the nuclear forces are not strong
enough) to bind a part of the quarks into stableeans, which results in a local nucleonic
structure shake-up in the nucleus. With this anomslexcited state of the nuclear matter,
called inner shake-up osu-state, the relaxation of the nuclei is initiatgdtbe weak nuclear
interaction. Apparently, the most unexpected restilthis study is represented by the fact
that we discovered the unified physical nature efays in the nuclear matter under the
action of weak nuclear forces. These decays camitiated by both a low-temperature
plasma and the collision of countermoving protoarbe with characteristic energies higher
than 1 TeV per colliding proton pair. In either walyinitiation, the necessary condition for
this type of decay — large enough drop in the gtnouclear interaction, is met. In the first
way, this is achieved by the “soft force”: by iating an inelastic interaction between the hot
(on chemical scales) electron and the nucleus dgnghe K-trapping, which produces a
certain mass deficit in the resulting nucleus. Ha second way, it is achieved by a direct
high-energy action: by increasing the kinetic egarfithe baryon quarks.

It is the above approach that we successfully beéore to understand a large enough
set of experimental data on the initiation of lomergy nuclear reactions and acceleration of
radioactive a- and B-decays in a low-temperature plasma. Taking the stediée non-
nucleonic states of the nuclear matter into accamirthe study of the above high-energy
collisions made it possible to understand the matfrvarious recorded decays of highly
excited hadrons, which are effectuated by the weskear interaction.

The concept stating the existence of metastablesstdtthe nuclear matter, in which
the nucleonic structure is locally shaken up, esdblis to present the arguments
substantiating an alternative approach to inteirpgethe experimental results [1]-[3] and
guestion the need to introduce a fifth fundamemé&draction into the physical science,
additional to the electromagnetic, nuclear stromgky and gravitational interactions, which
can relate ordinary matter and hypothetical darkkena
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