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PARTIAL POTENTIALS FOR THE ®Li(p,y)’Be CAPTURE
AT ASTROPHYSICAL ENERGIES

Abstract. The total cross sections of the radiative proton capture on 3Li at astrophysical energies are considered
in the framework of the modified potential cluster model with forbidden states, with the classification of the orbital
cluster states according to Young diagrams. The recalculation of the total cross sections for °Be(y,po)’Li
photodisintegration is used as experimental data. Parameters for Gaussian partial potentials were obtained for
description the ®Li(p,y)°Be capture at astrophysical energies. Simultaneously, in work of Shoda, & Tanaka (1999),
different binary channels of disintegration of °Be, namely, °Be(y,p)’Li, °Be(y,d)’Li, °Be(y,/)°Li and also
Be(y,°He)’He, were experimentally studied. It is evident that the processes of two-body radiative capture connected
with them by the detailed balancing principle lead to the synthesis of “Be and require the corresponding estimation
contextually in the astrophysical supplements. Meanwhile, it should be noted that the first three reactions have the
Coulomb barrier in channels p®Li, d’Li and °Li lower than in *He®He along with “He’He channels, namely, in the
ratio of 3:4. The cross section of 8Li(p,7)°Be is hard to obtain directly due to low ®Li beam intensity and the small
cross section at astrophysical energies. In addition, the difficulty of studying the reaction of 8Li(p,7)’Be also lies in
the fact that the direct experimental measurement of cross sections is practically impossible due to the very short
half-life of 3Li — 838 ms. However, as in the case of the neutron capture on ®Li, some indirect methods of extracting
direct capture cross sections can be used with the help of the radiative capture model and spectroscopic factor.

Keywords: Nuclear astrophysics; primordial nucleosynthesis; thermal and astrophysical energies; p3Li cluster
system; radiative capture; total cross section.

1. Introduction

The study of the formation mechanisms of *Be directly concerns the problem of the overlap of the
A =8 mass gap and the synthesis of heavier elements in the early Universe, as well as the r-process
nucleosynthesis in supernovae (see, for example, [1,2]). In the present time, it is considered that *Be is
formed as a result of a two-stage process: the radiative capture of alpha particles o(,y)*Be, leading to the
synthesis of the short-half-life isotope *Be (12 = 6.7x10""s), and radiative neutron capture *Be(n, y)’Be
[2,3]. In addition, there is the more difficult process of the direct three-particle capture cam — yBe, (see,
for example, [4-8]).

Simultaneously, in [8], different binary channels of disintegration of °Be, namely, *Be(y,p)*Li,
Be(y,d)'Li, *Be(y,1)°Li and also °Be(y,’He)’He, were experimentally studied. It is evident that the
processes of two-body radiative capture connected with them by the detailed balancing principle lead to
the synthesis of °Be and require the corresponding estimation contextually in the astrophysical
supplements. Meanwhile, it should be noted that the first three reactions have the Coulomb barrier in
channels p®Li, d’Li and /°Li lower than in *He®He along with “He’He channels, namely, in the ratio of 3:4.

The cross section of ®Li(p,)’Be is hard to obtain directly due to low *Li beam intensity and the small
cross section at astrophysical energies. In addition, the difficulty of studying the reaction of *Li(p,7)’Be
also lies in the fact that the direct experimental measurement of cross sections is practically impossible
due to the very short half-life of ®Li — 838 ms [9]. However, as in the case of the neutron capture on *Li
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[10], some indirect methods of extracting direct capture cross sections can be used with the help of the
radiative capture model and spectroscopic factor [9,11].

The p®Li—’Bey reaction presents significant astrophysical interest because it is included in the list of
processes of primordial nucleosynthesis of the Universe [12]. However, its experimental investigation in
the astrophysical range has so far been insufficient. Intrinsically, there is only one work [13] where the
astrophysical range is considered. In [14], it is also added, where measurements were carried out at higher
energies. However, these works were published in the 1960s and we do not currently possess more
modern experimental studies of the total cross sections of the considered reaction [15]. This is in spite of
the fact that studies of spectra *Be in the p®Li channel are still continuing [16]. In addition, the available
and considered further theoretical results differ so greatly that it is difficult to draw certain conclusions
regarding the rate of this reaction. Furthermore, these calculations do not take into account the existence of
resonances in the p®Li system at low energies [16].

In the present study, we consider the reaction of the proton capture on ®Li in the frame of the modified
potential cluster model (MPCM) [17] and define how the criteria of this model allow us to correctly
describe total cross sections and the astrophysical S-factor at astrophysical energies. The energy range of
10 keV to 7.0 MeV is considered but only taking into account the structure of resonances up to 2.0 MeV,
as discussed previously [16]. The rate of the reaction is calculated at the temperature range of 0.01 to
10 To. The analysis of the influence of the location and magnitude of resonances to the value and shape of
the reaction rate is presented.

2. Model and calculation methods
Further we use well-known formulas for total cross sections and matrix elements of El transition
operators [18] (Si=St=1S)

: o AN(NTLK
8nKe” p- 4, (NJ,K) T s prng LI, (1)

o (NJ,J,)=—= .
n’qg’ (28, +1)(2S, +1) J[(2J + DT &5

where matrix elements of £J — transitions have a form

LSJ)
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Here S, Sy, Ls, Li, Js, Ji — are total spins and moments of input (i) and output (f) channel particles, m,
ma, Z\, Z» are masses and charges of input channel particles, /s is the integral over wave functions of the
initial y; and final y states, as relative motion functions of clusters with intercluster distance 7, i — reduced
mass.

For the spin part of the magnetic process M1(S) at J =1, the following expression is obtained in the
model used (Si=S¢=S, Li=Ls=1L)

SLJ)
BX(M1,J,,J) =8¢ 8, [S(S+D(2S+D(2J, +D)(2J, + 1)]{] { S} ,
f
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Here, m is the mass of the nucleus, pi, [ are magnetic moments of the clusters, and the remaining
notation, are given as in the previous expression.

Constant 7%/my is equal to 41.4686 MeV fm?, where my is the atomic mass unit (amu). The Coulomb
potential at zero Coulomb radius Reou = 0 is written in the form v, , =1.439975-Z,Z, /r, where r is the

coul
relative distance between particles of the initial channel in fm and Z are charges of particles in the

elementary charge “e” units. Furthermore, the magnetic moment of proton p,=2.792847u, and ®Li
nucleus u(®Li) = 1.65356y0 [18], where o is the nuclear magneton.
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3. Classification of p®Li states according to Young diagrams

We take Young diagram {431} for ®Li — it was shown in [19] that exactly this diagram corresponds to
the ground state (GS) of ®Li, if to consider it in the n’'Li channel. For many other cluster systems, their
correspondence to certain Young diagrams were studied by us in [17].

Therefore, for the p®Li system, we have: {431} + {1} = {531} + {441} + {432} + {4311}. The first
diagram {531} is forbidden because it cannot be five nucleons in the s-shell — it corresponds to orbital
momenta L =1, 2, 3, determined by the Elliot rule [20]. The second diagram {441} corresponds to L =1,
2, 3, 4, the third {432} has L =1, 2, 3 and the fourth {4311} corresponds to L =0, 2. For the second
diagram {441}, we will consider allowed — it corresponds to the ground state (GS) of ’Be in the p°Li
channel [21]. Diagrams {432} and {4311} are not considered because without product tables of Young
diagrams [22], it is impossible to understand if they are forbidden or allowed.

Thus, it follows from the given classification that for the p®Li system (it is known that J*,7=2",1 for
8Li [21]) in potentials of S waves there is no forbidden state (FS), in P waves for diagram {441}, there are
FS and allowed state (AS), in D and F waves there is FS for the same diagram, which can be considered as
bound. The state in the P3» wave corresponds to the GS of *Be with J*,T = 3/27,3/2 and lays at the binding
energy of p°Li system of -16.8882 MeV [21]. Some p°Li scattering states and bound states (BSs) can be
mixed by spin with S =3/2 and 5/2. However, the same as for the #*Li system [10], here we will consider
that the GS of °Be p’Li channel is most probably is the *P3/, level (in spectroscopic notations ***'Ly).

4. Structure of the p®Li resonance states

Let us consider now the state structure of *Be, where we consider further the GS and six low-lying
resonance states. The GS of *Be with J* = 3/2"is at the energy of -16.888 MeV (round off energy down to
1 keV) [16] relatively to the threshold of the p®Li channel and will considered only as the *P3, state.

Table 1 - Comparison of data on the °Be spectrum from different works. The threshold of the p®Li channel
in °Be equals 16.888 MeV [21]. The results coinciding for all three works are marked by bold

[16] 2018 year [23] 2016 year [21] 2004 year

E.,MeV Jr e, keV E:, MeV J* e, keV Er,MeV J* Fem, keV

— - - 0.087(1) 1/2- 0.39(1) 0.0868(8) 1/2- 0.389(1)
0.420(7) 5/2- 210(20) 0.410(7) 5/2 195 0.410(7) 5/2 200
0.610(7) 7/2* 47(7) 0.605(7) 7/2* 47 0.605(7) 7/2* 47
1.100(30) 3/2% 50(22) 1.132(50) — — 1.132(50) — -
1.650(40) 7/2 495(34) 1.688(30) 5/2* 432(50) 1.692(40) - -
1.800(40) 52 79(17) 1.758(40) 7/2* 490(81) 1.762(50) 5/2 300(100)

- - - 2.352(50) 3/2F 310(80) 2.312(50) — 310(80)

Here, the E1 capture is possible from *Ss; scattering wave to the *Ps» GS of *Be, that is, the main
contribution is given due to the transition *S3>—*Ps». The spectrum of resonance states of *Be in the
cluster p®Li channel is listed in Table 1.

We now discuss this spectrum more closely. Given below, the systematization allows a priori
estimate of the most significant contribution of resonance states in the capture cross section (the resonance
states considered in this work are marked by bold italics).

1. The first resonance state (1** RS) is located at 16.975(8) MeV relative to the GS or 0.0868(8)
MeV [21] (0.087(1) MeV [23]) in the center of mass (c.m.) relative to the threshold of the p®Li channel.
J*=1/2"is given for this level [21,23] that allows us to take L =1 for it, that is, to consider it quartet ‘P
resonance. The level width of I'c.n. = 0.39(1) keV is given in [21,23]. It is possible to construct absolutely
unambiguous *Py; potential of the elastic scattering according these data. Ambiguity of its parameters,
with the bound FS at the basic variant of state classification by Young diagrams, will be caused only by
the error of width of this resonance [17]. The M1 transition *P;,—*P3 to the GS is possible for this state.

2. The second resonance state (2" RS) is located at 17.298(7) MeV relative to the GS or 0.410(7)
MeV in the c.m. relative to the threshold of the p°Li channel [21,23]. J*=15/2" is given for this level
[21,23] that allows us to take L = 1 for it, that is, to consider it quartet *Ps; resonance. The level width of
36 ——




ISSN 1991-346X Series physico-mathematical. 3. 2020

Iem =200 keV is given in [21] and 195 keV in [23]. The energy 420(7) keV at the width 210(20) keV is
given in new work [16]. The M1 transition *Ps,—"*P3/ to the GS is also possible for this state.

3. The third resonance state (3 RS) is located at 17.493(7) relative to the GS or 0.605(7) MeV in
the c.m. relative to the threshold of the p®Li channel with the width of 47 keV [21,23]. J*=7/2" is given
for this level [21,23] that us allows to take L =2 for it, that is, to consider it quartet “D7; resonance. The
energy 610(7) keV at the width 47(7) keV is given in new work [16]. Since, such resonance state
corresponds to the *D7;, wave, and then only E2 transition to the GS of Be is possible here, which we will
not consider due to its small value.

4. The fourth resonance state (4™ RS) at energy 1.100 MeV with the width 50(22) keV and
momentum 3/2°, which is in data [16], can be considered as refinement of data from [21,23]. Neither its
width nor its momentum is not given in them, only the energy of 1.132(50) MeV that approximately
coincides with new results from [16] is given. If to take the *Ds), state for it, the E1 transition *Ds;»—*Ps5
to the GS turn out to be possible. We failed to obtain the resonance in the “S3» wave with such
characteristics; therefore, we consider this wave nonresonance.

5. The fifth resonance state (5™ RS) according to [21] is located at the energy of 1.692(40) MeV
relative to the threshold, but the momentum and the width are not given for them. The similar state at the
energy of 1.688(30) MeV with the momentum 5/2" and the width of 432(50) keV is given in [23]. In new
work [16], the energy is equal to 1.650(40) MeV and the width of 495(34) keV that coincide with data
from [23], but the value 7/2" is given for momentum. If to assume that the last momentum corresponds to
5™ RS, so it can refer to the *F7 scattering state, and then only E2 transition to the GS is possible, which
we will not consider.

6. The sixth resonance state (6™ RS) according to [21] is located at the excitation energy of
18.65(5) MeV or 1.762(50) MeV in the c.m. relatively to the threshold of the p°Li channel with the width
300(100) keV. J*=5/2" is given for this level [21] that allows us to take L =1 for it, that is, to consider it
quartet *Ps), resonance. The M1 transition *Ps,—*P3, to the GS is possible for this resonance. However,
the energy of 1.758(40) MeV with the width of 490(81) keV and other momentum 7/2" are given in [23].
At the same time, in new work [16], the energy of 1.800(40) MeV with the width of 79(17) keV and
momentum 5/2°, coincided with primary data of work [21], are given. If to take for it the last momentum,
it can refer to the *Ps; scattering state and then the M1 transition *Psp—*P3; to the GS is possible.
However, we do not succeed to obtain characteristics of the P wave of continuous spectrum that were
noted in Table 1. Therefore, the F scattering wave is compared to it, which gives the E2 transition to the
GS, but since their contribution is small, we will not consider them.

7. The seventh resonance state (7" RS) with the energy of 2.312(50) with the width 310(80) keV and
unknown momentum are given in [21]. The energy of 2.352(50) with the width the same width and
momentum 3/2" is given in [23]. In new work [16], this and higher states, unfortunately, are not
considered. As we have seen above, the results of [23] on two previous levels differ from new data [16];
therefore, the data for this level most probably should be specified, and now we will not consider this
resonance.

Slightly higher at excitation energy of 19.420(50) MeV, there is other resonance with the width of
600(100) keV, but it has a presumable momentum 9/2" [23] and cannot lead to E1 or M1 transitions and
we therefore do not consider it. Furthermore, we will base on spectra given in new work [16], including
first resonance at 87 keV from [21,23] and limiting by energies not higher the threshold of 2 MeV.

Thus, selected by us, the basic transitions to the GS that are considered here and also P* coefficients
for total cross sections, given in [17], are presented in Table 2. The obtained values of isotopic spin 27; for

resonance states with J,* are given here.

Table 2 - Characteristics of taken into account transitions at the 8Li(p,y)’Be capture

2541
No. [ZS*1LsY; Resonal\rjlceevenergy, J in 2T Transition [ 5 TfL:J]lf ’ P?
1. 483 - 3127 (7)) El 4P3n 4
2. Dy, 1.100 (4" RS) 32, (37) El Py, 64/25
3. 4P 0.087 (1 RS) 1/2°,3 Ml 4P3p 10/3
4. 4Psn 0.410 (2" RS) 5/2°,3 M1 4P3n 18/5
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As seen in Table 2, for the 1% RS (0.087) and the 2" RS (0.410), the isospin 7= 3/2. This means that
for these states unambiguously there are no channel mixing p + *Li, d + 'Li, and also o + *He, which have
the isospin 7= 1/2. Problems of channels coupling are discussed in [24,25]. Thus, the single-channel

approach, which we use here, is quite justified, especially allowing for the fact that capture from 1% RS
(0.087) is highest (see further).

5. Criteria of the potential construction

The potentials of resonance waves are constructed in order to correctly describe the location of
resonance E; and its width ['c, therefore their parameters are obtained quite unambiguously. GS
potentials will be constructed in such a form that allows one to correctly describe the channel binding
energy, the charge radius of *Be and its asymptotic constant in the p°Li channel. Since, all known values
of the asymptotic normalization coefficient (ANC) and the spectroscopic factor S, according to which the
asymptotic constant (AC) is obtained, have enough large error. The GS potentials also can have few
options with different parameters of width. However, at the given values of AC and binding energy, its
parameters are constructed absolutely unambiguously.

The radius of ®Li equals 2.327+0.0298 fm, which is given in a database [26], was used in further
calculations. The radius of 2.518+0.0119 fm for °Be also is known from the database [26]. In addition, for
example, the value of 2.299(32) fm for ®Li radius was found in [27]. In work [28], for these radiuses,
values of 2.30(4) and 2.519(12) fm were obtained, correspondingly. All these data agree well among
themselves within the limits of errors. The accurate values of m(®Li)=8.022487 amu [29] and
myp = 1.0072764669 amu [30] were used for the masses of nucleus and proton. The charge and mass radius
of the proton is equal to 0.8775(51) fm [30]. For 1 amu energy equivalent of 931.4941024 MeV was used
[30].

The spectroscopic factor Sr of the GS and Anc ANC are connected by the next way [31]:

Aye =8, xC?, 4)

where C is the dimensioned asymptotic constant in fm™’, which connects with dimensionless AC Cy [32]
by C = ,/2k,C,,, and the dimensionless constant Cy, defined from the relation [32]:

X (1) =2k, C Wi (2/(01") > ®)

w

where y.(r) is the numerical BS radial wavefunction, obtained as the solution of the Schrédinger equation
normalized to unit size, W.,i+12(2kor) is the Whittaker function of the bound state, determining the
asymptotic behavior of the wavefunction and obtained as the solution of the same equation without

nuclear potential, ko is a wavenumber related to the channel binding energy E where k, = /2uE/h’> in
fm™, 7 is the Coulomb parameter n = uZz,Z,e* /(h*k,) = 3.44476-102 nZ,Z, /k, , Z1 and Z, are the particle

charges, L is the orbital momentum of the bound state.
Note that the spectroscopic factor St is used by us only for the standard procedure of the obtaining
possible C,, range from the obtained in the experiment Anc value [31,32].

6. Potentials of the p®Li interaction

As in our previous works [17] for other nuclear systems, we use the potential of the Gaussian form
with the point-like Coulomb term with the given orbital momentum L in each partial wave as the p°Li
interaction:

V(r,L) = -Viexp(-y.r). (6)

The *Ps, level we consider as the ground state of *Be in the p®Li and such potential should correctly
describe the AC for this channel. In order to extract this constant C in form (4) or Cy (5) from the
available experimental data, let us consider information regarding the spectroscopic factors Sy and
asymptotic normalization coefficients Anc. For example, in [33], except for their own results, the authors
add data of previous works. If to separate from these similar results, that is, with closely spaced values of
spectroscopic factors that can be presented in the form of table 3.
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Table 3 - Data on spectroscopic factors St for the GS of °Be in the p3Li channel from works [9,11,33,34].
S ; is the average value on data interval

Reaction from what S¢ St for the p®Lics

was determined channel Ref.
8Li(d,n)’Be 0.64(21) [33]
12C(°Be,’Li)“N 0.73(15) [11]
Average value 0.69, that is, lsf =0.83
Average value on data interval Ef =0.66(22), 0.43-0.88 IE/ =0.81(14)
°Be(3Li,’Be)’Li 1.50(28) [34]

Potential model 1.50(27) [9]

1.09, [5, = 1.05
S, = 1.11(68), 0.43-1.78

\/5’/_ =1.05(28)

Furthermore, the ANC *Ps, GS in the p®Li channel was given in [35], where Anc = 10.75(12) fm™?
was obtained. The constant for the °Ps), state is much less — 0.25(10) fm"? [35]. Therefore, we consider
here only one spin channel with S=3/2. On the basis of expression (4) and average value on interval

JSf =0.66(22) from Table 2 according works [11,33] for the AC GS, the value C = 13.71(2.52) fim™"?

Average value on all results

Data interval on all results

was obtained, and because +/2k, =1.307, so dimensionless AC (5) is equal to Cy= 10.49(1.93).

However, if to use the average value | /Sf on all works from table 3, equals 1.05(28), then for constant C,

we obtain a wider data interval 11.06(3.06) fm™? and C,, = 8.46(2.34). Consequently, the possible interval
of Cy values on two data groups from Table 3 is approximately from 6 (from the latest data) to 12.5 (from
the previous results).

Furthermore, two options of the GS potentials with FS, which allow us to obtain the dimensionless
asymptotic constant Cy in the given above limits, were obtained. The parameters of these potentials V; and
vz, and also main characteristics of the nucleus, obtained with them (binding energy Ep, asymptotic
constant Cy, mass radius <R>p and charge radius <R>,) are listed in table 4.

Table 4 - GS potential parameters and main characteristics of “Be

No. Vi, MeV yL, fm Eb, MeV Cw <R>m, fm <R>ch, fm
1 212.151135 0.17 -16.88820 10.2(1) 2.40 2.46
2 286.178045 0.25 -16.88820 6.6(1) 2.36 2.38

For example, potential No. 1 has the FS and leads to the binding energy -16.88820 MeV. The
definition of the calculation expressions used here for the radii is given, for example, in [17]. The above
AC errors are defined by their averaging over the distance interval from 6—8 to 10—12 fim, which is the AC
stabilization range. The phase shift of the elastic scattering of this potential for the GS *Ps» smoothly
decreases down to zero and at 5.0 MeV has the value of ~330°. Here, we consider that in the presence of
two bound FS and AS, the phase shift according to generalized Levinson theorem starting from 360° [20].
Furthermore, another option of the GS potential that leads to a smaller AC given in table 4.
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Table 5 - Options of potential parameters with FS for resonance states of nuclear and some characteristics obtained with them.

In the two last columns, the experimental values listed above in Table 1 are shown.

No. 2ty Vs, MeV s, fm? E: (c.m.), keV Tem, keV E: (c.m.), keV Tem, keV
1. 483 -5 0.1 - - - -

2. 4D3p 269.242 0.2 1100 56 1100(30) 50(22)

3. 4P 66.69121 0.075 87 ~0.4 87(1) 0.39(1)
4. 4Py 34.0399 0.04 410 203 420(7) 210(20)

Potential No. 3 from table 5 leads to the *P1,, scattering phase shift, plotted in figure 1 by the black
solid curve, which is shown at energies up to 5.0 MeV and has the resonance at 87 keV. Scattering
potential No. 4 has the phase shift *Ps; presented in figure 1 by the red dashed curve and at the considered
energies has the resonance at 410 keV. Potential No. 2 leads to the *Ds, phase shift shown in figure 1 by
the green solid curve. All resonance potentials have the phase shift of 90.0°(1) at the resonance energy and
the bound FS.

7. Conclusion

It is possible to construct two-body potentials of the p°Li interaction, which allow us to correctly
describe the available data on characteristics of the bound state of °Be in the p®Li channel in the frame of
the MPCM. Suggested options of the GS potentials of *Be in the p°Li channel allow one to obtain AC
within limits of errors available for it and lead to the reasonable description of *Be radii. Such potentials
generally allow the available experimental data for total cross sections of the radiative proton capture on
8Li at low and ultralow energies. Obtained results for total cross sections and static characteristics of *Be
strongly depend of GS potential parameters of this nuclear in the p*Li channel.
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ACTPO®U3UKAJIBIK DQHEPTUSIJIAPJIATBI 3Li(p,»)°Be
KAMTYFA APHAJIFAH YJIECTIK HOTEHIOUAJIAAP

AnHoranmsa. HOHra cei30ackl OOWBIHIIA OpPOMTANBIK KJIACTEPIIK KYHII >KIKTEYMEH Karap, THIHBIM
CaNlBIHFAaH Kyimeri Moau(UKaNWsUIaHFaH TOTCHIUAIABI KIACTEpPNli MOJENb AasiChIHAA, aCTPOGUIUKAIBIK
SHeprusiiapJa MPOTOHJAPIbLl PAIUALMSIBIK KapMayAbl TOJBIK KECy KapacThIPbUIFaH. ODKCIEPUMEHTTIK
MomimerTepai any ymia ‘Be(y,po)’Li hoTokupaTy peakImachIH TONBIK KeCysi KaiiTa ecenTey KONIaHBLIAIBI.
Actpodusukanblk sHeprusiiapaa ‘Li(p, y)’Be paauamusiblk KapMay YIIiH Taycc IOTEHIHAIIapbIHbIH
KepceTKimTepi aHpIKTanasl. ConsIMeH KaTap, [Shoda, Tanaka (1999)] °Be: *Be(y,p)Li, °Be(y,d)’Li, *Be(y,)°Li,
connait-ax *Be(y,’He)°He opTypii ekilik TapaTy apHamapbl 3KCIEpPHUMEHTANIbl 3epTTeni. ONapablH erKei-
TerKeiyi Teme-TeHIiriMen GailIaHbICTBI €Ki GOJIIIEKTi pagualMsIbIK Oachlll ady HporecTepi “Be cuHTe3iHe
aNpIl Keleldl JKOoHE acTpO(PHU3UKAIBIK KOCHIMINAJNAp KOHTEKCTiHAE THicTi Oaranmaynsl Tajam etemi. by
Karmaiina, Gipimmi ym peaxmms pSLi, d’Li sxome °Li apramapsinma *He®He-re kaparaHma TeMeH KyJIOH
KeJlepricinin 60ybiHa, srau 3:4 kateiHackinaa “He’He apHanapeina, atan aiftkanna 3:4 KaThIHACKIHA HA3ap
ayznapy kepek. SLi(p,y)’Be KenjeHeH KMMAChl aCTPO(DH3HKAIBIK KbI3BIFYLIBUILIK TYBIPATEIH SHEPIUs Ke3iHaeri
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exinmmi ®Li HIOFBIP/IbIH JKOHE IIAFbIH KMMaHBIH TOMEH KapKbIHIBUIBIFbIHAH TiKeNel aHbIKTay KUbIH. COHBIMEH
Katap, SLi(p,y)’Be peakmuschiH 3epTTey Moceneci SLi-838 Mc SIpOCHIHBIH KapThUIal BLIBIPAYBIHBIH OT€ a3
Ke3eHiHe KUManapbl Tikejledl SKCIepUMEHTaNbl OMIley MYMKiH eMec Oonbin TaObuianel. Amaiima, n®Li-
KapMmay KarJalblHIa Ja paJuallisuIbIK KapMay MOJIENiH KOHE CHEKTPOCKOMUSIIBIK (pakTopabl mMmaiizanana
OTBIPHIN, TiKeleld KapMay KMMAachlH aly YIIH Keibip j’kaHama oficTep maiilamaHBUTybl MYMKiH. ‘Be
MeXaHM3MJCPAiH Maina OONMybIH 3epTTey A =8 Maccallbl CaHbUIAYAbl CHCEPY JKOHE epTe OJEeMIEri aybIp
AJNIEMEHTTEP/IH CHUHTE3iHe, COHBIMEH KaTap supernovae 7-IpoIlecc HIOKJICOCHHTE3 MOceJeciHe TiKemen
KaTbiHacel Oap. Kasipri tanma “Be eki CaTBUIBI YPIiC HOTHXKECiHJIe Taia Ooiaasl JereH Ol KaJbITacThI:
a(a,y)*Be anbda GenuiekTepiH paguanuanblK KapMaybl KbICKAa FYMBIPIbI M30TONTHIH °Be (f12 =6.7x1077 s)
CHHTE3IHE, OIaH KeHiH 8Be(n,y)gBe HEUTPOHBIHBIH paJUalMalIblK KapMayblHa OKeIiN COFajabl. ATanFaH
Makanana 0i3 TeMeHTi acTpodu3HKaNmbIK SHeprusaarsl p°Li — ‘Bey peakuusachlH KapacThipambi3, ceGebi
KapusiianranbiHa 20 JKbUT YakbeIT OOJFaHbIHA KapamacTaH «TKIpUOETiK 3eTTepyliep JKOCTIaph» peTiHae ped
aTkapateiH Terasawa et al. ()yHIaMEHTAIIBI )KYMBICBIHIAFEI ayblp JIEMEHTTEP/IH CHHTE31HE aJIbINl KEJEeTiH
MOHII ypaicTiH Tiz0eriHe KocbutraH. Leistenschneider et al. (2018) sxaHa »xyMbICBIHIA KeaTipinreH 2 MaB-ke
JIeHiHri pe3oHaHC KYpbUIBIMBIH eckepe OThIpbil 10 k3B-ten 7.0 MpB-re aeiiHri SHEpPrusiHbIH aiMarbl
Kapacteipbutirad. by peaknusiabiy xbpaaMabiFsl 0.01-nen 10 79 Temmneparypa aiimMarbiHa FaHa €CENTENTEH.
Pe3oHancTap mramanapbl MEH OPBIHIAPBIHBIH PEAKIHs KBUIIAMIBIFEIHBIH (JOPMAChl MEH IIaMachlHa OCEPiHIH
aHaJIM31 YChIHBUIFaH.

Tyiin ce3mep: Snponbik actpodmusmka; OacTankbl HIOKICOCHHTE3; KBUIYJBIK KOHE acTpO(H3HKAIIBIK
sHeprusnap; p°Li KiacTepii XKyHeci; paJualsIbK KapMay; TONBIK KECY.

A.B. JI:xxazaupos-Kaxpamanos!?, JI.T. Kapunoaesa'?, A.A.Cred1sikoBa?

1Actpodusnueckuit unctutyt B.I'. ®ecenkosa “HIIKUT” AKK MUP PK, Anmatsl, Kazaxcran;
’MexnynapoaHas Akanemus Mupopmarusaruu, np. A6biait Xana 79, Anmatel, Kazaxcran

MAPIIUAJIBHBIE IOTEHIUAAJIBI IJIA 3Li(p,y)°Be 3BAXBATA
TP ACTPOOCUSNYECKHUX DQHEPT UAX

AHHoTanmsa. B paMkax MoOIu(QUIMPOBAHHOW TOTEHIMAILHON KIIACTEPHOW MOJIENH C 3arpelieHHbIMA
COCTOSIHMSIMHU, C Kiaccu(HKanued OpOMTalIbHBIX KIACTEPHBIX COCTOSIHUI Mo cxemaMm IOHra paccMOTpeHs
TIOJIHBIE CEYEHHs PaJMalMOHHOTO 3aXBaTa MPOTOHOB Ha °Li mpu acTpodusmueckux sHeprusx. Ilepepacuer
TNONHBIX cedyenuil peakiuu (otopassana *Be(y,po)’Li ucrmonbsyercss s TOMydeHHs SKCHEPUMEHTATBHBIX
JaHHBIX. BBUIM OMpesieseHsl MapaMeTphl rayCCOBBIX MOTEHIIHATOB I PaJMallHOHHOTO 3axBara °Li(p,y)’Be
npu actpodusnyeckux sHeprusix. B To sxe Bpems B [Shoda, Tanaka (1999)] sxcniepuMeHTaIbHO HCCIICOBAHBI
pasnuyHEle OMHApHBIE KaHambl (oropacmeruenus °Be: Be(y,p)Li, ‘Be(y,d)’Li, °Be(y,f)°Li, a Takxxe
Be(y,’He)°He. OueBHIHO, Y4TO CBA3aHHbIE C HUMH J€TalbHBIM PABHOBECHEM IIPOLECCH JBYXYaCTUYHOTO
paauaniMOHHOTO 3axXxBaTa IMPUBOAAT K CHHTE3Y 9B€ u Tpe6yIOT COOTBGTCTByIOH_leﬁ OILICHKH B KOHTCKCTC
acTpou3nUecKux npuiaokeHui. [Ipu stoM, ciaemyer oOpaTHTh BHHMaHHE HA TO, YTO ITEPBBIC TPH PEaKIUH
MMEIOT KYJIOHOBCKHMIA Gapbep B kaHanax p°Li, d’Li u °Li amxe, yem B *He®He pasno kax u *He’He kananax, a
MMeHHO B cooTHomennu 3:4. Ilonepeunoe ceuenne SLi(p,)°’Be TpyaHO ONpeNennTh HEMOCPENCTBEHHO H3-32
HU3KOH HHTEHCHBHOCTH BTOPHYHOTO °Li Mydka M Majoro CeYeHMs IIPM DSHEPIHsX, IPeACTABISIONIMX
actpodusmueckuii naTepec. Kpome Toro, mpobiiema nsydenus peakimn SLi(p,7)° Be 3akmouaercs elme U B TOM,
YTO MPSIMOE IKCIIEPUMEHTAIFHOE M3MEPEHIE CCUCHUH OKA3BIBACTCS MPAKTUIECKH HEBO3MOXKHBIM H3-32 OYCHb
MaJIoro TepHoj mHomypacmaza sgpa SLi - 838 mc. Onmako, kak M B cilIydae n°Li-3axBaTa, MOTYT OBITh
HCIIOJIB30BaHBI HEKOTOPBIE KOCBEHHBIC METOIBI ISl M3BJICUCHHS CEUCHHS MPSIMOTO 3aXBaTa ¢ UCIIOIB30BaHUECM
MOJENH paJuallMOHHOTO 3aXBaTa U CIIEKTPOCKOMIYECKOTo (akTopa. MccinenoBanne MEXaHU3MOB 00pa30BaHUA
Be uMeeT mpsAMoe OTHOLIEHHE K MpobaeMe TIPeoIoeHns MACCOBOM menu ¢ A = 8 U CHHTe3y 0oylee TAKEIbIX
2JIEMEHTOB B paHHEH BcelneHHOM, a Takke B r-IPOLIECC HIOKIEOCUHTE3a B CYIIEpHOBBIX. B HacTosiee Bpems
CJIOKUIIOCH MHEHHE, uTo *Be 006pasyercs B pe3yibTaTe JBYyXCTYHNEHUYATOro Mpolecca: paaualliOHHbIH 3aXBaT
anba-gacTul o a,y)*Be TPUBOAMT K CHHTE3y KOPOTKOKHBYIIEro u3oTomna °Be (f12=6.7x10717s), u nanee
paJMalOHHEIH 3axBaT HeliTpoHa *Be(n,y)’Be. B maHHO# cTaThe MBI paccMaTpHBaeM peakimio pSLi—’Bey npu
HU3KUX aCTPOPHU3MUCCKUX JHEPIUAX B CBSI3U C TEM, YTO OHA BKJIIOYCHA B IIEMOYKY 3HAYUMBIX IPOILECCOB,
KOTOpBIC MIPUBOJIAT K CHHTE3Y OOJIee TSDKENBIX 3JIEMEHTOB B (DyHIaMeHTanbHOU 3HaunMol pabote Terasawa et
al., xoTopasg ¢ MOMEHTa ee OIyOIMKOBaHUS cieayromue noutd 20 JeT UrpacT poib HEKOTOPOTO «IUIaHa
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MPaKTHUECKUX HCcienoBaHuii». PaccmorpeHa obmacte sHepruit or 10 x3B go 7.0 M»sB, HO c yuerom
CTPYKTYPBI PE30HAHCOB TOJNBKO 70 2 MaB, koTopas Oblia mpuBeeHa B HOBoW padote Leistenschneider et al.
(2018). CkopocTh 3TOM peakimu paccuutana B obmactu temmeparyp ot 0.01 mo 10 7y. IIpencrasnen ananms
BJIMSIHUSI TTOJIOXKCHUS U BEJIMUUHBI PE30HAHCOB HA BEJIMYMHY U POPMY CKOPOCTH PEAKIIHH.

KaioueBsble cioBa: SnepHas actpodusnka; MEpBUYHBINA HIOKICOCHHTE3; TEIUIOBBIE M acTPOPH3UICCKUE
SHEPIHUM; KIacTepHas cucTeMa pPLi; paJualliOHHBIH 3aXBaT; TIOIHOE CEYEHHUE.
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