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SPECIFIC FEATURES OF CAPTURE REACTIONS OF REAL
AND VIRTUAL a-PARTICLES BY ¢LI AND “LI ISOTOPES

The article examines the features of the interaction of virtual and real a-particles with isotopes °Li
and 7Li with the formation of the ground and excited states of '°B and "B nuclei. The multiparticle shell
model is used to describe the structures of nuclei. The significant difference in the excitation spectra of
108 and "B nuclei in the capture of real and virtual a-particles is explained by the structural features of
these nuclei and different mechanisms of capture of a-particles. Real a-particles are captured in reactions
(a, v), and virtual ones — in lithium cluster transfer reactions. In both boron isotopes, the first decay
channel is the a-particle, then there is an energy range of several MeV until the next decay channel with
the emission of particles. Moreover, in this energy range, the S-factors are anomalously small. If the
excited levels lie above the threshold for the breakup of the nucleus with the emission of certain particles
a, then the S-factors turn out to be related to the partial widths of the decay I,. In contrast to
spectroscopic factors, which do not depend on energy and are determined only by the structure of the
initial and final states, the partial r-widths depend on the energy which the particles are emitted with. It
is shown that, in a narrow energy range from the first threshold for the emission of particles to the second
threshold, the cross sections for the excitation of residual nuclei by real and virtual a-particles differ
significantly. Narrow beams of y-quanta formed with large cross sections in reactions of radiative a-
capture can be used for diagnostics of thermonuclear plasma.

Keywords: virtual and real a-particles, excitation spectra of ®Li and 7Li, '°B and ''B nuclei, radiative
capture, lithium transfer reactions.
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OcofBeHHOCTH peakliMi 3aXBaTa pPeabHbIX
W BUPTYaAbHbIX a-4acTHL, H3oTonamM 5Li u 7Li

B cTaTbe paccmMaTpuBaloTCs 0COBEHHOCTU B3aMMOARICTBMS BUPTYAABHBIX M PeaAbHbIX a-UacTULL C
usotonamm °Li n 7Li c o6pa3oBaHMem OCHOBHbIX M BO30YXKAeHHbIX cocTosaHmid saep '°B u 1B, Aas
ONMCaHUs CTPYKTYpPbl SIAEP MCMOAb3yeTCS MHOrouyacTMuHas MoaeAb ofoaouek. CyllecTBeHHoe
pasanume B cniekTpax Bo3byxaenns saep '°B u 1B npu 3axeaTe peaAbHbIX M BUPTYaAbHbIX a-UacTMLL
OOBACHAETCS CTPYKTYPHbLIMM OCOBEHHOCTAMM 3TUX SAED M Pa3HbIMU MeXaHM3MaMM 3axBaTta a-yacTuLl.
PeaAbHble ©-4YaCTMWLbl 3axBaThiBAOTCS B peakumsx (a,y), a BMPTYaAbHble — B AMTMEBbIX peakLmsx
nepeaaqm kaactepoe. B ofGoux mzotonax Gopa nepebiM KaHaAOM pacrasa SBASIETCS o-4aCTHUHbIA,
3aTem uMeeTcsi 06AACTb 3HEpPrMii B HECKOAbKO M3B A0 caeayiollero kaHaAa pacnasa C BbIAGTOM
yactul,. pu 3TOM B AQHHOM MPOMEXKYTKE 3Hepruil S-hakTopbl ABASIOTCS aHOMaAbHO MaAbiMM. Ecam
B036YyKAAEMbIE YPOBHM A@XaT Bbillle Mopora pasgasa sApa C BLIAGTOM OMNPeAEAeHHbIX YacTuLL a, TO S-
(hakTOpbl OKa3bIBAIOTCH CBA3aHHBIMA C MapUMaAbHbIMM WMPWMHamk pacnaaa .. B oTAMume ot
CNeKTPOCKONUYecKnx (hakTOpPOB, He 3aBMCALLMX OT 3HEePrMU M OMpPeAeAsieMblX TOAbKO CTPYKTYpOW
HaYaAbHOIO M KOHEYHOrO COCTOSHMIA, MapumaAbHble [-WMPWHBI 3aBMCST OT 3HEpPruM, C KOTOPOit
BbIAETAOT YacTHLbl. [ToKasaHo, UTO B Y3KOM OBAACTM SHEPruii OT NepBOro NOPora AAS BbIAETA UacTMLL
AO BTOpPOrO MOpOra cevyeHWs BO36YKAEHMS OCTATOUHbIX SAED PeaAbHbIMM M BMPTYaAbHbIMM G-
YacTMUaMM OTAMYAKOTCS CYLIECTBeHHbIM 00pasom. Y3kue MyuKM y-KBaHTOB, 00pasylowmxcs c
OOAbILMMM CEUYEHHSMM B pPeakuMsX pPaAMalMOHHOTO a-3axBaTta, MOTYT ObiTb MCMOAb3OBaHbl AAS
AMArHOCTMKM TEPMOSIAEPHOM MAA3MbI.

KAtoueBble cAOBa: BUPTYaAbHbIe M pPeaAbHble o-UacTMLbl, CMeKTpbl Bo36yxAeHus, aapa °Li u 7Li,
108 1 1B, paAMaUMOHHbIA 3aXBaT, AUTHEBbIe peakLMM Nepeaaym.
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bLi yxoHe 7Li M30TONMTapbIHAQ HAK1bl XK8HE BUPTYaAADI
a-GeAlIeKTEPiIHIH, Kapry peakuMAAApPbIHbIH epeKileAiKTepi

Makaraaa BUPTYaAAbl XKaHe HakThbl a-6eAllekTepaiH Li aHe 7Li uzotontapbiven '°B xoue 1B
SAPOAApPbIHbIH Herisri »aHe KO3FaH KyHAepiH Ty3ymeH e3apa opekeTTecyiHiH epekuleaikTepi
KapacTbipblAFaH. SIAPOHbIH, KYPbIAbIMbIH CMMATTay YiliH kenbGeawekTi KabbiKlua MOABAT KOAAGHBIAAADI.
Haktbl skeHe BupTyaaabl a-OeawekTepai ycray kezinae '°B xene ''B sapoaapbiHbiH KO3y
CneKTpAepiHAEr alTapAbIKTal aibIPMALLBIABIK, OCbl SAPOAAPABIH KYPbIABIMABIK, epeklleAikTepiMeH
KaHe a-GeAlleKTepAi yCTayAblH 8p TYPAI MexaHu3mAepiMeH TyciHaipiaeai. HakTbl a-6ealektep
peakumsinapaa (a, y), ar BUPTYaAAbl — AMTHMIA KAacTepiHiH 6epiay peakumsiaapbiHaa ycTaaaabl. bop
M30TONTapbIHbIH EKeYIHAE A€ aAfallKbl bIABIPAY apHachbl — a-G6ALlIeK, CoAaH KeWiH GealekTepaid
6eAiHYiMeH KeAeci bIAbIpay KaHaAblHa AeiiH GipHelle M3B sHeprus amanasoHbl 60Aaabl. ByA xkaraaraa
OChbl 3HepreTMKaAblK AMarazoHAa S-chakTopAapbl aHOMaAbAbl TypAe a3 6oaaabl. Erep Ko3AbipbiAraH
AeHrenaep Geariai 6ip a GeAIEKTEPIHIH, WbIFybl Ke3iHAE SAPOHbIH blAblpay LWeriHeH KOofFapbl Typca,
oHAa S chakTopAapbl NapuManAbik, biablpay eHaepide Ty — meH 6anaaHbICTbl 6ON WhiFaabl. DHeprusra
ToyeAal emec XaHe Tek GacTankbl >KOHe COHfbl KYHMAEpP KYPbIAbIMBIMEH aHbIKTAAATbiH CMEeKTpo-
CKOMUAABIK, hakToOpAapFa KaparaHAa napuMassbiy [ eHi 6GeAllekTep LUbIFApaThiH SHEPrUSFa TOYEAAI.
SHeprusiHblH ~ Tap akMarbiHAa, 6GeallekTep  WbirapyAbliH  GipiHWi  TabaAAbIpbIFbIHAH  eKiHLLi
TabarAbIpbIKKA AEMIHM  AManasoHAA KaAAbIK SAPOAAPAbIH KO3AbIDY KMMaAapbl HaKTbl JKaHe
BUPTYaAAbl a-OBALIEKTEPMEH alTapAbIKTal epekllieAeHeTiHI KepceTiareH. PaavauMsiablk, a-kKapny
peakuMSAapbIHAAFbl YAKEH KMMaAapbliHAA Manaa OOAFaH y-KBaHTTapbl TEPMOSIAPOABIK, MAa3Ma YyLUiH

KOAAAHBIAYBI MYMKIH.

TyHiH cesaep: BUPTYaAAbl KoHe HakTbl a-6eawektep, °Li xoHe 7Li, '°B xoHe ''B sapoAapbiHbiH
KO3y CrekTpAepi, paanaLmMsAbIK, TYCIpY, AMTHIA Gepy peakumusAapbl.

Introduction

The concepts of virtual particles, virtual
processes, etc. are firmly embedded in modern
physics. So, it is believed that the electrons interact
with each other, exchanging virtual photons (y -
quanta). Similarly, according to Yukawa theory,
nucleons interact by exchanging virtual n-mesons. It
is known that real photons differ from virtual ones.
In particular, real photons have only transverse
polarization, while virtual photons have both
transverse and longitudinal polarization.

The question arises whether there will be a
difference in the interaction of real and virtual
nuclear particles with nuclei.

To study this question, the cross sections of the
capture of real and virtual a-particles by the °Li and
"Li nuclei with the formation of different excited
states of the '°B and ''B nuclei are compared. In this
case, real a-particles are observed in radiation (c., )
— capture reactions on lithium isotopes, and virtual
o-particles are observed in lithium transfer reactions
on the same targets.

Study of a-cluster structure of !B nucleus

The nucleus "B is located in the middle of the 1p-
shell and its structure is well transmitted by the
multiparticle shell model [1] .The wave functions of
the levels of this nucleus with certain values of the total
moment, parity, and isotopic spin (J*, 7) and within the
(1s)*(1p)" -shells are multi-component. The individual
components are characterized by the orbital moment L,
the spin moment S and form a complete set of states
and satisfy the requirements of fermionic statistics.
Due to this, in the multiparticle shell model, based on
a single wave function, both nucleon and various
cluster degrees of freedom can be considered. The
permutation symmetry of the individual components
of the wave function is characterized by the Young
scheme {f}. The wave function of the ground state of
the ''B nucleus contains 13 components [1]. The total
weight of the two main components with the Young
scheme {43} is 72 %, the weight of the components
with the Young scheme {421} is 22 %, and the
remaining components with the Young schemes {331}
and {322} account for only 6 %.
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If in the atomic nucleus a certain state, ground
or excited, is characterized by large values of
spectroscopic S-factors for the separation or addition
of deuterons, tritons, and a-particles, then this state
is said to have a corresponding cluster structure.

It is possible that a certain level can
simultaneously have large values of S-factors for the
separation of several clusters; in this case we can
talk about the multicluster structure of this state.
Thus, the nuclei can have a cluster or multicluster
structure not only in the ground, but also in the
excited states [2].

Here we study the cluster structure of the
nucleus '"B. For this purpose, the cluster
spectroscopic factors in the ('Li + o) channels
leading to the ground and excited states of the ''B
nucleus are calculated in the framework of the
multiparticle shell model.

In an experiment, the possibility of establishing
the cluster structure of the nucleus is available in the
study of lithium reactions of the type (°Li, a).
(°Li, d). ('Li, 1) and ("Li, &). Due to the low binding
energy of the nucleus of °Li in the ad —channel
(e = 1.4750 MeV) and 'Li in the af -channel
(¢ =2.4678 MeV) [3]. the main mechanism in these
processes is the transfer of deuterons, a-particles
and tritons, respectively [4]. Triton spectroscopic
factors have not been studied. since the *Be nucleus
is not stable and cannot serve as a target. Note that
the binding energy of the proton and deuteron in the
Li nucleus is much greater: & = 9.975 MeV n
g7 =9.62 MeV. The same situation is in the case of
the °Li nucleus, in which the binding energies of the
channels with the escape of protons and tritons are
much greater than the binding energy in the ad -
channel [4].

In the cross-section ¢ of transfer reactions, the
excitations of the residual core levels (in this case
B) can be represented, assuming a direct
mechanism, by the expression 6 ~ (2J+ 1) Z; Sz - ©
[5]. here S; — is the corresponding spectroscopic
factors, and @ — is a factor depending on the
kinematic characteristics. If we assume that @ is a
more or less smooth value depending on the energy,
then the maxima observed in the cross sections must
be related to the maxima in the energy distribution
of the spectroscopic factors.

Of particular interest is the comparison of the
results of calculations of cross-sections in lithium
transfer reactions of a-particles with the results of
calculations of cross-sections of radiation capture
reactions (o, v) on the 'Li nucleus, especially in the

near-threshold region, in which the latter have a
resonant character.

Results and discussion

Excitation spectra of ''B nucleus in lithium o-
particle transfer reactions

Figure 1 shows the spectroscopic factors for
joining of a-particles in (°Li, d) reaction to form the
ground and excited states of the "B nucleus. The
presented excitation spectra in lithium reactions are
obtained by summing these spectroscopic factors in
the energy range of 1 MeV and taking into account
the multiplier (2J; + 1), where J; are the spins of the
excited states.
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Figure 1 — The excitation spectrum of 'B nucleus
in lithium transfer reactions of virtual u-clusters
in the "Li(°Li, d)!'B process

To calculate the cross sections of the radiation
capture reaction of o-particles, we use the Breit-
Wigner formula for a single resonance, since in the
case under consideration, the distance between
neighboring levels in this energy region is much
greater than the total widths of these levels [6]:

_ 41 F(-U'y
0 R HE—E)r? D
J2UEg . .
where k = : = is the wave number, u is the
reduced mass in the system eo-particle is target

r.r

o

nucleus, ®, =g is the strength of resonance,

T u T, are partial widths for the initial and final

channels respectively; I =T, + T, is the total width

of the level, Ep; is the resonance energy,
2J+1

(2J,+1)(2J, +1)

1s a factor that takes into
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account the spins of the particles; J is the spin of the
resonance excited in the reaction, J; and J, are the
spins of the interacting particles.

The total cross section in the resonance (E = Ej)
1s determined by the expression:

am 1
= (

TReYrr

-2

a

Hence, it can be seen that the cross-section for
the escaping of y-quanta during the excitation of
resonant states will be the larger the smaller the total
width is. This condition will be satisfied if the
widths for the a-particles are of the same order as
the radiation widths. Note that the partial widths for
particle escape are usually several orders of
magnitude larger than the radiation widths.

The B nucleus has a peculiar structure. For it,
as for other strongly clustered nuclei of the type
L1 *Be. "B, C. cluster decay channels are first
opened — namely, a-partial, and other channels lie
slightly higher in energy. For example, for ''B
nucleus the a-partial threshold is 8.665 MeV, and
the next, proton threshold is almost 3 MeV higher
[6]. At the same time, in the reaction "Li(c, y)!'B the
o-particles up to 3 MeV lead to the excitation of
near-threshold levels of ''B with quantum numbers
J*=15/2"at an energy of 8.920 MeV, J*= 7/2” at an
energy of 9.185 MeV and J*=5/2"at E=9.275 MeV
[6]. In this case, monochromatic y-quanta with
energies of 8.920, 9.185 and 9.275 MeV, as well as
with energy E, = 4.740 MeV, are formed from the
transition 7/2° — 5/2° (E = 4.445 MeV). It was
shown in [7. 8] that the cross sections of the
formation of these y-quanta are resonant and are
abnormally large. For all these levels, only 2 decay
channels are open: a-partial and radiation. Usually,
the widths of the channels with the escape of
particles are several orders of magnitude larger than
the radiation ones. The full widths for these states
are[ =T, + T,

The Breit-Wigner formulas show that the cross-
sections for the escape of the y-quanta during the
excitation of the resonant states will be the larger the
smaller the total width I of the level is. This
condition will be satisfied if the widths for the
escape of the a-particles I'; are comparable to the
radiation widths I',. Thus, the feature of the y-
transition from the level of B at E = 8.920 MeV to
the ground state of the ''B nucleus (5/2- — 3/27) is
a very small partial width I',. In this case, the total
width of the level isT =T, +T'y=4.37 eV and almost
completely coincides with the radiation width. The

a-width I'y calculated by us in the framework of the
multiparticle shell model is = 0.006 eV [8]. The
smallness of the partial width for this transition is
related to the smallness of the spectroscopic factor
S. proportional to it for this case. This is clearly seen
in figure 1. In the region of excitation energies from
8 to 12 MeV, there are generally no levels with large
values of a-partial spectroscopic factors. The main
components of the wave function of the level 5/2-
[1], whose experimental energy is 8.920 MeV, have
a permutation symmetry of the spatial part of the
wave function with the Young scheme {4421}. The
contribution of the latter is 92 % to the total wave
function of this state. The wave function of the
ground state of the 'Li nucleus has a Young scheme
{43}, and its weight is 98 %. According to the
quantum selection rules [9], the escape of an o-
particle (having symmetry [4]) from the states with
the Young scheme {4421} to the ground state of the
'Li nucleus is shown to be strongly suppressed and
the transition is possible only due to the small
components of the wave function of 'Li with the
Young scheme {421}, which leads to the smallness
of the spectroscopic factor and the partial width ',
proportional to it and, ultimately, the total width I'".

As can be seen from table 1, the cross-section
for the escape of y-quanta with energy
E,=8.920 MeV is relatively large and equal to 6 =
5.2 mb. Even more intense was the transition from
the level of E = 9.185 MeV to the level of "B at
E =4.445 MeV (7/27 — 5/27). The smallness of the
total width I of the level, equal to about 3 eV, leads
to a large cross-section of the process, equal to
6 =1.3-10° ub (130 mb) for the escape of photons
with E, = 4.740 MeV. Due to the smallness of the
total width of this level, the cross-section of the
escape of y-quanta with £, = 9.185 MeV (for the
ground state of !B) is also significant
(6=1.3-10° ub). An abnormally small value of the
a-width for a level with positive parity is also
associated with the smallness of the spectroscopic
factor. Low-lying levels of positive parity in the ''B
nucleus are obtained by transiting of the 1p-nucleon
into the next 25—2d shells. As the calculations in the
shell model show, if the cluster is formed by
nucleons from different shells, the spectroscopic
factor for a-particles in this case is suppressed in
comparison with the case when they are formed by
nucleons of only one shell [10, 11]. This is what
leads to small I’y values for these levels.

According to table 1, the cross section of the
reaction (o, y) on the 'Li nucleus for the 7/27 — 5/2-
transition is exactly 2 orders of magnitude larger
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than the cross section of the 7/27 — 3/2—transition.
The orbital moment of the radiated y-quantum is
determined by the ratio | J; — Jr| <L, <J;+ J In the
transition to the ground state 7/27 — 3/2” according
to the rules of spin and parity selection, E3 and M2-
multipoles are dominant. In the 7/2° — 5/2°
transition, E1 and M2 multipoles are dominant. As
1s known, in light nuclei, the electric dipole
multipole is the most intense. The next level of 5/27

considered by us at the energy E = 9.275 MeV at
the gamma-decay into the ground and excited state
with the energy E = 4.445 MeV leads to the
appearance of resonant photons with the energy
E,=9.275MeV and E, = 4.835 MeV, respectively.
Since the total width of I' = 4 keV and is much
larger than the radiation one, the cross-section of
the formation of y-quanta for both fransitions is
somewhat smaller.

Table 1 — Experimental characteristics and cross sections of the formation of resonant y-quanta in the reaction 'Li(c. 7)!'B

ER  MeV JET, - J%T .- i
Ne o (1es.) P2 ftr Mulhpoles of E. MeV o eV T, Grcactica, b
( E;-Enr-es.) . MeV) E,—>E, dominant transitions : ; eV
5/27—3/2, . . e
1 0.401 (0.255) 8920 - g.s. E2. M1 8.920 8.8-10~ 4.37 5.2-10
7= 57, , o o
2 0.819 (0.518) 018524 445 El. M2 4.740 3.1-10° 3 1.3-10
3| 0819(0518) 312;5_’_3;3 M2, E3 9185 | 3.1107 3 13103
5127 — 3/27, . 101 103 1ot
4 0.958 (0.607) 0275 — gs. El. M2 9.275 2.9-10 4-10 7.7-10
5| 0.958(0.607) 952%__’»13145 E1,M2 4.835 12 410 | 321102

Figure 2 shows the full cross-sections of the
radiation capture reaction as a function of the energy
of the incident a-particles. Comparing figures 1 and
2, we can see that the resonances in the reactions of
radiation capture of o-particles by lithium 'Li
isotopes with the formation of the ground and
excited states of "B isotopes and the escape of
monochromatic y-quanta are observed precisely at
those energies at which the corresponding a-partial
S-factor is very small, since the spectroscopic S-
factor is included as a multiplier in the formula for
the partial level width.

Thus, here we have calculated the excitation
spectra of the !'B nucleus in lithium reactions of the
transfer of a-particles to the 'Li nucleus. A
comparison is made with the spectra in the radiation
capture reactions (o y) at 'Li. The comparison
shows that the excitation spectra in these cases are
completely different, especially in the near-
threshold region. If in the case when real o-particles
are joined in (a, y)-processes in the energy range
from the threshold and up to energies of 10 MeV,
the excitation spectra have clearly expressed
maxima, then in the case of lithium reactions, when
virtual a-particles are transferred, for example, from

the process (°Li, d), no maxima are observed in the
spectra. This is due to the structural features of the
states located here. The results indicate a high yield
of monochromatic y-quanta with energies
E, = 4.835, 8.920, 9.185 and 9.275 MeV in the
radiation capture reaction 'Li(c. 7)''B and confirm
the possibility of their use for the diagnosis of
thermonuclear dr -plasma [7, 12] by adding a small
amount of lithium isotopes to it.

a.ub. 10"
et

Figure 2 — Energy dependence of the total cross sections
of the reaction "Li(a, 7)!'B
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Cluster a-structure of "B nucleus levels

Figure 3 shows the excitation spectrum of the
1B nucleus in the "Li(°Li, d)'°B reaction, the main
mechanism of which is the transfer of the a-cluster.

2+ P:‘ser
LY ]

4 & N

e 2 llllll-l.l!nl!l{.r

Figure 3 — Excitation spectrum of the 1B nucleus
in lithium w-clusters transfer reactions

The figure shows that in the energy range from
4.5 MeV to 6 MeV, in which the only o- partial
decay channel is open (the threshold for o-decay is
446 MeV in '"B), and the next threshold — the
deuteron one is located at E=6,027 MeV [4]), there
are no excited levels in the reactions of virtual a-
particles.

The Breit-Wigner formula (1) is used to
calculate the cross sections of the y-quanta when
capturing real o-particles, for a single resonance,
since the distances between adjacent levels in this
energy region are greater than the total widths of
these levels. The total cross section in the resonance
(E = Eq) is determined by the expression (2).

Table 2 shows the total cross-sections of the
radiation capture reactions °Li(c.. v)'°B (capture of
real a-particles), the designations are the same as in
the table for the reaction "Li(c. y)"'B.

Table 2 — Experimental characteristics and cross sections of the formation of resonant y-quanta in the reaction ‘Li(c, 7)!°B

lab. »
No Ecz (res)® MeV JEL = I3 T, Multipoles of E, MeV QV T. Oreaction, LD
o cm . dominant transitions ¢ eV
(Egh,.,-MeV) E,>E,

1 1083 230-3%0, El.M2 51103 | 0.610 | 1.63-10° 3.6-10!

(0.651) 51103 — g:s

1.173 20130, . o S

2 0.708) 31630 0 oe M, E2 51630 | 0.2:10 2.868 57810
3 2433 20— 3%0, M1, E2 50105 | 1.010° | 1-10 8.42

(1.459) 5.0105 — g5
4 (f?g?) 2_62055’ j_gg M1, E2 6.0250 | 3.4-10" | 810! 1.76:10°
5 4.022 15041 = 370, M2, E3 68730 | 48100 | 2105 | 645107

(2.413) 6873 — g

For the reaction °Li(c., v)'°B, four resonances are
observed. However, in this case, the total I" widths
are usually much larger than in the radiation capture
on the "Linucleus [4]. The exception is y-decay from
the level (27, 1) at E = 5.1639 MeV to the ground

state. In this case, the smallness of T, and,
consequently, the total T is related to the smallness
of the spectroscopic factor for the a- decay of this
level.

Due to the isospin selection rules, the decay is
possible only due to the impurity to the wave
function of the level (27, 1) of the component with
T =0, which occurs due to the Coulomb mixing of
the levels with 7= 0 and T = 1 [7]. The structural
suppression of the a-decay from the state (47, 0) [1]
leads to a relatively small value of the total width

(line 4 in table 2) and, as a result, to a large cross-
section of the departure of y-quanta with energy
E, = 6.025 MeV. The structural suppression of the
a-decay from the (47, 0) state in the "°B nucleus is
determined the fact that the main component of the
wave function of the '“B nucleus with the Young
scheme {442}, which gives 70% of the contribution
to the total function {442}“F [1]. does not
contribute to the Si-spectroscopic factor for the
transition to the main state of the °Li nucleus, the
main component of which has the form {42} S [1].
The contribution to this transition is given by the
144215G component in the wave function of the
(47, 0) state of the '°B nucleus. Due to the large value
of the orbital moment of the a-particle L, = 4, the
partial T'p-width is strongly suppressed due to the
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permeability factor of the centrifugal barrier. The
transition from the state with energy E = 6.873 MeV
to the ground state (line 5 in table 2) clearly
demonstrates how a large value of the total width T’
leads to small cross-section values. In this case,
I=T,+T,+T;+T,[13,14].

Figure 4 [8] shows the full cross-sections of the
radiation capture reaction as a function of the energy
of the incident o-particles.

Comparing figures 3 and 4, it can be seen that
resonances in the reactions of radiation capture of a-
particles by lithium °Li isotopes with the formation
of the ground and excited states of '’B isotopes and
the escape of monochromatic y-quanta are observed
precisely at those energies at which the
corresponding a-partial S-factor is very small. since
the spectroscopic S-factor is included as a multiplier
into the formula for the partial level width [8].
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Figure 4 — Energy dependence of the total cross sections
of the reaction SLi(a. v)'B

Thus, in the reaction (., y) on the SLi nucleus, a
resonant cross-section structure is observed. In this
case, the resonances are associated with small o-

widths of the excited states of the B nucleus, which
is due to their structural features. So, the cross
section for the escape of y-quanta with energy
E, = 5.1639 MeV is particularly large here. In this
case, a state with quantum numbers (J*, T) = (27, 1)
is excited in the process. and the smallness of the a-
width is a consequence of the isospin selection rules.

The high yield of resonant monochromatic -
quanta with E, = 5.1639 and 6.025 MeV in the
process on the °Li nucleus confirms the possibility
of using this reaction to diagnose thermonuclear
plasma by adding a certain amount of lithium
isotopes to it [7, 8].

Conclusion

It is shown that in the reactions of capture of
virtual and real a-particles by the °Li and "Li nuclei
with the formation of the ground and excited states
of the "B and ''B nuclei, respectively, the excitation
spectra differ significantly. In a narrow energy range
from the first, a-threshold of partial decay, to the
next threshold of particle escape, and the width of
this region is 3 MeV for ''B and 1.5 MeV for B —
in the case of capture of real o-particles, the cross
sections have a resonant character for both nuclei.

This behavior of the cross sections is related to
the different mechanisms of these reactions, as well
as to the structural features of the levels of the B
and 'B nuclei in these energy ranges.

Previously, a similar question was raised for
reactions under the action of real and virtual photons
[14, 15]. It is the experimental cross sections for the
two-particle photo disintegration reactions (a.y) on
the target nuclei °Li and 'Li that were 25-30% higher
for virtual photons, and the shape of the curves did
not change. We see that for real and virtual o-
particles, the cross-sections can differ dramatically.

The work was supported by the grant of the
Committee for science of the Ministry of education
and science of the Republic of Kazakhstan Ne
AP05132952.
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