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Abstract: The ideas put forward earlier about the initiatafmuclear processes in a low-temperature plasnsarasult of
interaction between electrons of high (on chemicalles) energies and nuclei are demonstrated help&ul in clearing some
debatable issues concerning the synthesis of dilglhents in the solar atmosphere. Specificallyctse in point is one of the
puzzles associated with the radioactive isotopeyllnen-7 whose abundance in the solar atmospherecads the
concentration of the stable isotope lithium-7 tisafiormed from beryllium-7, too, upadg-electron capture with a half-life of
53 days.
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1. Introduction

According to the notions of the Standard Modelhef Big  case of low neutron density or relatively higtdecay rates
Bang nucleosynthesis [1, 2], the first stage ingymethesis of of the nuclei formed upon neutron capture), suatuelear
elements is associated with the first three minatiésr the mass enhancement process is referred to as ancespro
Big Bang, when the first group of light elementsi-D, 3He, (slow mass growth). But in conditions of high neutr
4He, and 7Li — was formed. (Versions involving thedensity or relatively lows-decay rates of the nuclei formed
additional synthesis of 9Be and 11Be are also somst upon neutron capture, where the nucleus priorst@-idecay
being discussed.) The second stage in the syntt@sis have enough time to capture a few neutrons, syrbeess is
elements, which had begun with the emergence ofitse called an r-process (rapid mass growth). Therdsis a third
stars and has continued up to now, is characteliyediclear process (the so-called p-process) wherein neutoon-puclei
reactions between elements in stars, as a reswhich the  are formed, specifically as a result of (p, n)gm( reactions.
elements up to those of the iron group [2, 3] ie feriodic  Anyhow all the existing nucleosynthesis models focu
table have been formed. The further synthesis ofemomainly on the ideas that elements are synthesizesligh
complex nuclei then becomes impossible, becauserdie npyclear collisions, which requires such kinetic rgies as
group nuclei have the highest binding energy pesleun can be realized in conditions of high-temperatulgspas
(around 8 MeV). And the third stage of the syntbesf optaining in the internal regions of stars or irpesmova
elements is associated with supernova explosiams.Type | explosions.
supernova explosions give birth to the elementif®to Fe  However, such ideas cannot help comprehensively to
(the relative abundance of the elements from O t9 Munderstand a number of anomalies that were revemiiesh
changes but little), and it is only in explosiorfstile more  analyzing the abundances of a number of light etesnin
massive Type Il supernovae that those elementdoameed our Galaxy and in the intergalactic space. To fitate,
whose mass exceeds that of the iron nucleus. Thiside according to Kramarovskii and Chechev [1], todag th
role in these processes is assigned toy[mmeactions and sjtuation with the evaluation of the D/H conceritrtratio
B-decays. The neutrons for such processes are foimie  fixed in various regions of the Universe is not mbéguous.
reactions 23 Ne(a, n) igMg and 1§C(a, n) 130 . If the In particular, it has proved difficult to understiathe spread

1 .
parent nucleus, after its having captured a neuruh thus of the_ D/H values (Wh!Ch can be as great as anr_omtﬂe
magnitude) measured in the local interstellar medand

increased its mass number by unity, suffef-decay (the . : i i
y 4 ® y ( also found from absorption lines of various quasé#rds
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usually believed that deuterium formed during tberse of
the original nucleosynthesis and existing in thamprdial
stellar medium gradually decays while it is pap#ting in

the reaction D(hy)3He; and to gain an insight into the
ratios measured, variou

differences between the D/H

89

2. Initiation of Nuclear Reactionsin the
I nelastic Scattering of Electrons by
Nucle ViatheWeak | nteraction

mechanisms have been suggested for the formation offFresh possibilities to understand the entire raofj¢he

deuterium in galactic objects. However, not a snglodel

above debatable issues concerning the abundandighof

suggested has won widespread recognition [1]. Seri@lements in stellar systems and interstellar medoam be

problems are also associated with the high relabwendance
of the isotope 3He fixed in glactic planetary neleul The
3He/He ratio in these objects can reach 10-3, wisidivo

times as high as that in the galactic interstett@dium. To
resolve such problems,
mechanisms for the formation of extra 3He aftemiaation
of the cosmological nucleosynthesis, which as getsquite
controversial [1].

offered by the ideas [8] that nuclear processedeanitiated
in a low-temperature plasma upon interactions betwe
nuclei and electrons with kinetic energies Ee upaime 5 eV,
when inelastic scattering via the weak interactarannel

one has to introduce sonievolving the formation of the neutrino-antineutsipair Vv

can still remain unsuppressed. The threshold enfergsuch
processes is around 0.3 eV. It was demonstratd@-ih0]
that in the near-surface layers of Pd and W cathaoheler

No less difficult to understand are the data on thglow discharge conditions [9, 11-13] and also in a

dynamics of short-term variations in the relatimiiadances
of other light elements and the variation dynamiésthe
isotope compositions of such elements in the athwrgpof
stars accessible for analysis, our Sun in the fiisice.
Specifically one of the puzzles of the Sun concettms
radioactive isotope beryllium-7 whose abundancténsolar
atmosphere exceeds the concentration of the sisdilepe
lithium-7 that is formed from beryllium-7, too, upo
K-electron capture with a half-life of 53 days. that the

low-temperature plasma formed in the near-surfaggons
of metals subject to laser ablation in ordinary drehvy
water solutions [10, 14-18] there can be initigpedcesses
of nuclear synthesis of light elements and acctteraof
radioactive nuclei decay. Attention was drawn ® fifict that
in the first stage of inelastic scattering via theeak
interaction channel, after the neutrinowas emitted and a
virtual W— boson embedded in the nuclear matteretmust
have been formed nuclei whose nuclear matter tuoutdo

ratio n = ;Be/Li varies: it increases as the solar activitype in an unbalanced metastable state referred t@nas

grows in intensity and decreases somewhat, rentagnater
than unity, when the solar activity is at its minim [4],
which can be understood if beryllium-7 is being stantly
formed in the solar atmosphere. Moreover, accordingp,

“in-shake-up” state [8]. Indeed, the vector W- boso
interacting with a u-quark of one of protons camdprabout
only the formation of a virtual d-quark and the setpent
chain of virtual transformations of quarks with the

6], the isotope 7Be formed in the solar atmosphe,garticipation of vector W bosons, no neutrons bdorged

contributes perceptibly to the radioactivity of thear-earth
atmosphere, the concentration of this isotope i@ #ir
depending on the solar activity and featuring ctiaristic
seasonal and latitude variations.

This isotope is customarily believed to be formadthe
regions of powerful solar bursts as a result of lewrc
processes involving protons accelerated in thegene and
carbon, nitrogen, oxygen, and iron nuclei, and asoa
consequence of fusion of the helium-4 and heliumi8lei,
because the concentration of helium-3 in the regioh
powerful solar bursts can prove comparable witht tha
helium-4 [7]. Of course, there remain questionst@aghe
possibility of quantitative verification of such farences
when analyzing the dynamics of nuclear processkinga
place in the solar atmosphere. One should also ibeaind

because of the mass deficit of such a nucleus ésenae that
K-electron capture is impossible for the originalcleus).
The local anomaly formed in the nuclear matter essalt of
strong pion-exchange interactions can be transfaenther
nucleons. The initiated chain of virtual quark sEmmations
with the participation of vector W— bosons musttigate
with the irreversible decay of the W— boson intoedectron
and an antineutrino. We will therefore refer to tsuaiclei
with their nuclear matter in a metastable shakestaie

asp-nuclei. For such nuclei, the standard conception of

nuclear matter as an aggregate of interacting ouosle
becomes meaningless.

It is important to note here that the very facfaimation
of nuclear matter in a metastable shake-up statt lead to
the loss of stability of the nucleus as a consecgeaf the

elements (carbon, nitrogen, oxygen, and iron) i@ solar
atmosphere and also the low probability of fornatiof
beryllium-7 in the reactions under discussion, Whiepends
not only on the Coulomb barriers, but also on tiveshold
energies for these processes that exceed 10-25 We.
only above-threshold process here is the synthesis
beryllium-7 in the fusion of the helium-3 and hefit! nuclei,
but this reaction can be suppressed altogetheubeaa the
elevated Coulomb batrrier.

region of the nucleus, as a structurally organigellsystem,
and the base medium — the physical vacuum [19,12@hn
be expected that in a shake-up state resulting fthen
rearrangements suffered by the internal structurethe
nucleus the boundary conditions of the third kinehder
which the polarization region of the QED vacuumtime
vicinity of the nucleus is associated with its $&almternal
state, will obtain no longer, so that this relatiorust be
disturbed. It is therefore but natural to suppdsa in this
case, when calculating the Casimir forces formedthmey
QED vacuum, there must be realized the boundarglitons
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that were formerly used in the modeling of the acefof the Atrineutron in thee-catalysis process proves, in accordance
nucleus in the form of a metal sphere [21, 22].dkding to  with [18], to be of the same order of magnitudehes of the
the calculations [21, 22], the vacuum energy ohsaisphere nucleus’ni,, which is many orders of magnitude shorter than

is positive, so that the Casimir forces will noden provide the half-life of the tritium nucleug;,, = 12. 3 years.
for the stability of the nucleus. The latter medhat the

natural relaxation of the shake-up state must teatei with )
its B-decay — the formation of the original nucleus irirg 3. Examples of Nuclear-Chemical

the emission of a free electron e— and a free autiimo . Processesin the Solar Atmosphere

So, the interaction of an electron with a deutetérduring
laser ablation of metals in heavy water or in a Actually introduced within the scope of the ideasiniy
deuterium-containing glow-discharge plasma must teahe €xpounded, which do not fit in with the existingtinas of
formation of a neutrap-radioactive nucleus in a shake-upthe synthesis of elements in the Universe [1-3Jp isroad

state, namely, thg-dineutron 2nisu: class of nuclear-chemical processes that can odcur
. ) conditions of low-temperature plasma. If protiureuterium,
€he + d° — Ny + 1. (1) and tritium nuclei are present in such a plasmathaduclei

®n.su are being formed there in accordance with prosege
(4), and (5), wheré is the baryon number equal to 1, 2, and
3 for the M neutron, Sdineutron, and S-trineutron,
respectively, there can take place the processes

In the above expression, the subscript on the sioftthe
original electron (“high energy” on chemical scalpsints to
the initiative character of the electron—deutertteraction in
the formation of theg-dineutron’ng, and the neutring. The
nucleus’ng, has a baryon number equal to two, zero leptonic AN+ o AAKN G+ AN+ (b-K)n+e +U+Q
charge, and a mass practically equal to the masthef g s Z-a" A '
deuterium atom. The half-lifd,, of the g-dineutron that
decays into deuteron, electron, and antineutrino,

Q)
AN+, - RN+ AN+ (b-K)n+Q (7a)
ng, - d +e +v (2) wherek<b.

It can be supposed that tj#neutronny, and g-trineuron
turns out to be long enough, no less than a few ®@h 3 whoses-decay is governed by weak nteractions, should
seconds. This conclusion follows from the.gnalyﬁ?he be sufficiently long-lived nuclei, like thg-dineutron’ng,, so
experimental d_ata on the syn_theS|s of the tritiwral@i t* in that the half-lives of thezneutron andg-trineuron can be
the laser ablation of metals in heavy water [18je Tatter comparable with that of thegdineutron. The latter
groc;es_s was slup§+os¢t?‘ ttﬁ takel plzzce .upon interactitine conclusion suggests that the hypothetical nuglgi’n,,, and

eutenum nucleus: wi € nuCleuShis,: 3nis, With their sufficiently long half-lives might participate in
dt + %ng, — t + n + QB.25 MeV) (3) Nuclear synthesis processes in stars. To illustrate, let us sho
some possible processes of formation of the deuterium,
wheren is the neutron. Along with this process (3) thema helium-3, and helium-4 nuclei, and also stable isotopes of

also take place the process light elements (froméLi to'2C) and the first elements
d*+%n,, - He+n+e +0+Q(3.27 MeV) (3a) more massive than iron:
4 2 61 ; -
governed by weak nuclear interaction. 2He+ g, — SLi+e +0+Q(1.47 MeV),
Postulated in [8] was also the formation of thedtiptical
Sneutron ng, (upon interaction between electrons and
protonsp*) and Atrineutron®ng,;

sHe+°n, - [Li+e +U+Q(2.47 MeV),

sLi+n,, — Li+K7.25MeV),
p+ +er:e - nisu+V (4) 70 > _ .
‘Li + °ng, - Be+e +U+Q(16.69 MeV),
t’ +er:e - 3r-]isu-i-v (5)
;Be+n, - 'UB+€ +U+Q(7.36 MeV),
The rest masses of the nuclei introduced were taixdre

equal to the rest masses of the hydrogen and njtiu sBe+ ’n, - IB+e +U+Q(17.81MeV),
respectively. It is precisely via the formationtbe nucleus

®nisu by the e-catalysis mechanism [8] that the process of PB+°n, - “C+e +U+Q(25.18 MeV),
initiated decay of tritium nuclei in conditions daser

ablation of metals in aqueous media, discoverd@i8halong SFe+ n,, - StFetn+Q (4.64 MeV,

with the synthesis of tritium nuclei, can takedtsirse:

2Fe+n,, — ScFery (7.64 MeV
t"+e, - °ng,+V - He+ 2 +v+ 2 +Q(0.019 MeV (6) 2 s = wFer Y '

57 2, 59 — ~
It should be noted here that the half-lif, of the Fet Mg, » 5 Cote +0+Q (15.18 MeV,
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$Co+n,, - CNi+e +U+Q(10.31 MeV) 4. Conclusion

How far can the ideas expounded about the role of
low-energy (on nuclear scales) extraneous effectauzlear
processes alter the traditional views on the swhef
elements in the Universe? It has been demonsteseier
that the probability of the-processes of nucleosynthesis in
stars is affected by the state of the electron I shél
Bradioactive nuclei. In particular, in the caseooimplete
ionization of the pertinent atoms, not only thelgability of
the g-decay of such nuclei can grow substantially, et
[decay channels can alter [24, 25]. At the same timthe
case of complete ionization of the pertinent atortie
a-decay probability remains unchanged [26]. However,
within the scope of the notions expounded in thisrky
low-energy nuclear-chemical processes dominateavégk
nuclear interactions can have a substantial eftectthe
As for the above-noted problem of the excessivelynamics of bottn- andg-decay processes [9].

concentration of 3 He in the region of solar bursts [7], itis AS ~demonstrated in  [9], electrons in  the

. . o deuterium-containing plasma of a gas-dischargepsetth a
but natural to associate this phenomenon with titéion tungsten cathode initiategtdecay processes of five tungsten
of the processes of formation of helium-3 in aceoie with 9 yp g

reactions (3a) and (6). Inasmuch as the concemtrati the Itizt:epeiss (t)?lgegstoCboem;)ergcilgai%s(t)lagb Iee(atl?Se) h‘iﬁg&/i\o}c;”eir
nuclei®ng, can also increase in the region of solar burbts, t P y ' 9

L i a-decay is in principle possible. The initiation the above
possibility cannot be ruled out thgtBe can in that case be processes takes place in the near-surface cathpeleslof the
formed in the following process:

gas-discharge setup upon interaction between tengst

isotopes and the metastable nuéigj, Since in addition to

tungsten isotopes there are a great enough nunibsrch

] ) “stable” isotopes capable ofg-decay, starting with
On the basis of the issue one can also understa@dd teodymium and ending with bismuth, the examinatibthe

phenomenon of the relatively high concentrationtibé gpove range of processes can prove important fer th

radioactive isotope beryllium-7 obtaining in the laso understanding of the entire scope of problems aoiog the

atmosphere and the relatively low concentratiohtioim-6,  5ccurrence of elements in the Universe.

whi<_:h_is an order of magnitude Iowe_r than the cotregion The results of direct experiments on the synthekiseavy

of lithium-7 [4]. One should bear in mind here thae  glements can apparently become decisive argumtioneng

concentration of lithium-7 in the solar atmosphdepends e to accept the notions expounded in this warkyell as in

2Co+ ’ng, —» %Ni+e +U+Q(15.12 MeV),
2Ni+n,, - SCu+e€ +U+Q(6.12 MeV.

The formation of the radioactive isotope beryllidnia the
solar atmosphere can be associated with the presbarein

of the gnuclei ng, and *ng, along with the nucleigLi
formed, as noted above, upon interaction betwgetfe and

2r]isu:
Li+n, — Be+e +U+Q(5.61MeV) (8)

°Li+’n,, - Be+n+e +U+Q(3.38MeV) (9)

3Het®n, — IBe+ 2™ +2U + QL6 MeV) (10)

on the solar activity of its own accord: it is & maximum at
the solar activity minima and a minimum at the salgcle
maxima [23]. This is usually being associated il higher
“burnout” rate of lithium-7 as a result of the pess
ILi+p—23He +Q(13.35 MeV)  (11)
that takes its course most intensively at the marinof solar
activity, when the number of powerful solar buiisisreases.
Insofar as doubts arise all the same in this caseedl that
process (11) can take place in view of the pertil@ulomb
barrier, it is quite natural to consider the aboweted
alternative process of the more intense burnouittgfim-7
in the region of solar bursts upon its interactisith the
pnuclei n, involving the formation of beryllium-9. It is
thus becomes possible qualitatively to understant bf the

phenomena observed: the increase of the ratioZBe/gLi

with increasing solar activity and its decreassdme extent
(while remaining greater than unity) when the saativity

is at its minimum [4] and also the variation of the

concentration of lithium-7 in the solar atmosph&mm the
minimal values (at the solar cycle maxima) to theximal
ones (at the minima of the solar activity) [23].

[8-10], about the role of electron-nuclear processe the
variation dynamics of the isotope composition ghtielements
in the solar atmosphere and also about the exétehdhe

neutral nuclei’ng,. The case at hand are the processes of

synthesis of cobalt and nickel from iron in thestfiplace, and
also of copper from nickel, in conditions of lowrtperature
plasma, including those in the case of laser alnlatf metals or
treatment of iron or nickel cathodes with a deutercontaining
glow-discharge plasma. As noted above, within thenéwork
of the notions existing in the modern cosmologghssynthesis
can only be possible in the Type Il supernovae.
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