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THE ROLE OF RESONANCES IN THE CAPTURE OF ®Li(p,»)°Be
ON THE REACTION RATE OF THE RELEVANT ASTROPHYSICAL SYNTHESIS OF °Be

Abstract: the total cross sections of the radiative proton capture on 8Li 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. 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 pLi, d’Li
and t°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 8Li 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 8Li — 838 ms. However, as in the case of the neutron capture on 8Li, some indirect methods of
extracting direct capture cross sections can be used with the help of the radiative capture model and
spectroscopic factor. The data obtained from the °Be(y,po)®Li photodisintegration process according to the
detailed balancing principle are used for the experimental data of the 8Li(p,»)°Be capture. It is possible to
reproduce the available data on cross sections at the energies up to 7.0 MeV. Astrophysical S-factors and
reaction rates (c;v> are calculated at the temperature range of 0.01 to 10 To. It is shown that the reaction rate

is significantly affected by the resonances in the p8Li scattering channel, and, especially by the first 1/2-
resonance at 87 keV. The analytical parametrization is performed for the calculated reaction rate (cv} .

Key words: nuclear astrophysics; primordial nucleosynthesis; thermal and astrophysical energies; p8Li
cluster system; radiative capture; total cross section.

Introduction. The study of the formation mechanisms of °Be directly concerns the problem of the over-
lap 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, )®Be, leading to the
synthesis of the short-half-life isotope ®Be (ti.=6.7x10?'s), and radiative neutron capture ®Be(n, ')°Be
[2,3]. In addition, there is the more difficult process of the direct three-particle capture aan — | °Be, (see,
for example, [4-8]).

Simultaneously, in [8], different binary channels of disintegration of °Be, namely, °Be(',p)8Li, °Be(/,d)"Li,
°Be(/1,t)%Li and also °Be(',*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 t°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 8Li beam intensity and the small
cross section at astrophysical energies. In addition, the difficulty of studying the reaction of Li(p,7)°Be also
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lies in the fact that the direct experimental measurement of cross sections is practically impossible due to the
very short half-life of 8Li — 838 ms [9]. However, as in the case of the neutron capture on 8Li [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 pBLi—°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 p8Li 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 p8Li
system at low energies [16].

In the present study, we consider the reaction of the proton capture on 8Li 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 Te. The analysis of the influence of the location and magnitude of
resonances to the value and shape of the reaction rate is presented.

Materials and methods. Model and calculation methods. Further we use well-known formulas for total
cross sections and matrix elements of E1 transition operators [18] (Si= St = S)

2 -AZ(NJ, K
872:<e3 H J( ’ ) J+1 g ZPJZ(N\]y‘]fl‘]i)IJZ(‘]f!Ji)i (1)
h*q’ (2SS, +1)(2S, +1) J[(2J +HN)°* =
where matrix elements of EJ — transitions have a form

o (NJ,J,)=

PEED 3y 31) = 8, [(20 + (2L, +1)(2, +1)(2], +D](L,030] Lfof{JLi ; i}
AJ<EJ’K>=KJMJ(23+(—1)JZ§} L3030 =) (2)
m; m;

Here S;, St, L+, Li, Jr, Ji — are total spins and moments of input (i) and output (f) channel particles, mi, my,
Z1, Z, are masses and charges of input channel particles, 1 is the integral over wave functions of the initial y;
and final s states, as relative motion functions of clusters with intercluster distance r, u/ - 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=Sf=S,Li=Ls=L)

SLJ)?
Plz(Ml,\]fn]i) = 8s,s,é‘)L,Lf [S(S ""1)(28 +1)(2Ji +1)(2‘]f +1)]{\] 1 SI} '
f

A(M1,K) = K\ 3{% @_Hz ml:l, 1,(3,,3)= <Xf‘rH Xi>' (3)
m,C m m

0
Here, m is the mass of the nucleus, ui, po are magnetic moments of the clusters, and the remaining
notation, are given as in the previous expression.
Constant #%/mq is equal to 41.4686 MeV fm?, where mq is the atomic mass unit (amu). The Coulomb potential
at zero Coulomb radius Reou =0 is written in the form Vv, =1.439975-Z,Z,/r, where r is the relative

coul
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 8Li nucleus p(®Li) = 1.653560
[18], where o is the nuclear magneton.

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 T'cm, 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 Sy,
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
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binding energy, its parameters are constructed absolutely unambiguously.
The spectroscopic factor St of the GS and Anc ANC are connected by the next way [19]:

Avic :SfXCZ’ (4)

where C is the dimensioned asymptotic constant in fm™/2, which connects with dimensionless AC C,, [20]
by C =,/2k,C,,, and the dimensionless constant C., defined from the relation [20]:

x (1) =42k, CWW—nLH/Z (2k0r) ' (5)

where y.(r) is the numerical BS radial wavefunction, obtained as the solution of the Schrodinger equation
normalized to unit size, W.,z+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, =+/24E /%% in fm?, 7 is the Coulomb
parameter n =uZz,Z,e’/(h°k,) = 3.44476.107% 2,7, /k,, Zrand 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 Cy range from the obtained in the experiment Axc value [19,20].

Potentials of the pBLi 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.rd). (6)

The *P3, 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 Cw (5) from the
available experimental data, let us consider information regarding the spectroscopic factors St and
asymptotic normalization coefficients Anc. For example, in [21], 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

Table 3. Data on spectroscopic factors St for the GS of °Be in the p8Li channel from works [9,11,21,22].
S, is the average value on data interval.

Reaction from what S St for the _p8LiGs Ref.

8Li(d,n)°Be 0.64(21) [21]

12C(°Be,BLi)“N 0.73(15) [11]
Average value 0.69, that is, \/§ =0.83

Average value on S, =0.66(22), 0.43-0.88

data interval ,S_f = 0.81(14)

9Be(®Li *Be)°Li 1.50(28) [22]

Potential model 1.50(27) [9]
Average value on all results 1.09, /S, =1.05

S, =1.11(68), 0.43-1.78
Data interval on all results —
ﬂ/Sf =1.05(28)
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Furthermore, the ANC “P3;, GS in the pBLi channel was given in [23], where Anc = 10.75(12) fm™*? was
obtained. The constant for the 5P, state is much less — 0.25(10) fm™*/2 [23]. Therefore, we consider here only

one spin channel with S = 3/2. On the basis of expression (4) and average value on interval /S, =0.66(22)
from Table 2 according works [11,21] for the AC GS, the value C = 13.71(2.52) fm'¥2 was obtained, and
because /2K, =1.307, so dimensionless AC (5) is equal to Cw = 10.49(1.93). However, if to use the

average value /S, 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™/2 and C, = 8.46(2.34). Consequently, the possible interval of C,, 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
v, and also main characteristics of the nucleus, obtained with them (binding energy Ep, asymptotic constant
Cw, mass radius <R>p, and charge radius <R>¢) are listed in Table 4.

Table 4. GS potential parameters and main characteristics of °Be

Novemey ™ Ep, MeV Cu SO <Ry, fm
S AT -16.88820 i;)'z( 2.40 2.46
2 28617804 g -16.88820 6.6(1) 2.36 2.38

5

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 fm, 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° [24]. Furthermore, another option of the GS
potential that leads to a smaller AC given in Table 4.

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.

N 2541 VJ, ’YJ, Er (Cm), Fc.my, Er (Cm), Fc,my,
0. L, MeV fm-? keV keV keV keV

1. 4S312 -5 0.1 - _ _ _

2. Dy 229'24 0.2 1100 56 1100(30) 50(22)

3. Py 6261'691 2'07 87 ~0.4 87(1) 0.39(1)

4 e 0 om 410 203 420(7) 2§0(2o

Potential No. 3 from Table 5 leads to the “Py,, scattering phase shift, plotted in Fig. 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 Fig. 1 by the red dashed curve and at the considered energies has the
resonance at 410 keV. Potential No. 2 leads to the D3, phase shift shown in Fig. 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.

Results and discussion. Total cross sections, S-factor and reaction rate of radiative Li(p,7)°Be capture. Let
us discuss calculation results of the total cross sections for the proton capture on 8Li and comparing them with
experimental measurements from [13,14]. The summed cross section is shown in Fig. 2a by the blue solid
curve; the black dashed curve shows the nonresonance capture from the S wave with potential No. 1 from Table
5 to the GS with potential No. 1 from Table 4. The green dotted curve shows cross section at the capture from
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the first and the second resonances for potential No. 3 and No. 4 from Table 5. The red dashed curve shows the
capture from the third resonance with potential No.2 from Table 5. The parameters of the S scattering wave
without FS were determined so as correctly reproduce total cross sections in the “plateau” range, which occurs
at energies of 0.5 to 7 MeV. The potential No. 1 from Table 4 is used as the GS potential that reproduces AC
from [23] to the best advantage.

It should be noted that there is no second resonance at 410 keV in the available data [13]. However, it
exists in spectra [16,25,26], we are taking it into account. A new resonance at 410 keV not observed in
experiment [13] is clearly observed in Fig. 2a. In this experiment, at this energy, the cross section minimum
is observed that is difficult to explain from the viewpoint of new data on °Be spectra [16]. However, it is
necessary to remember that these experimental data were obtained in sixties of the past century and were not
confirmed later by more modern methods.

10° T T 10° T T
8 . 9 . "

Li(p.y) Be ®  Clikeman 1962 ®Li(p,y)°Be ®  Clikeman 1962
®  Komar 1965 ®  Komar 1965

10° E 10°

o, ub

10° |

0 F y| 3 10° | 4
/
10' | // E 10t kb _
o o E_, keV e 10° 10° o
Fig. 2a Total cross sections of the radiative Fig. 2b Total cross sections of radiative 8Li(p,y)°Be

8Li(p,y)°Be capture to the GS of °Be. Black points are capture to the GS of °Be. Notations like in Fig. 2a.
experimental data from [13] and red squares are from
[14]. Curves are explained in the text.

Now take note of the resonance at 1.1 MeV from Table 2, which is leading to the E1 transition to the GS.
The calculation results that take into account this transition are shown in Fig. 2a. The sharp rise of the total
cross section is observed at the resonance energy and is shown by the red dashed curve. This resonance also
is not observed in the available experimental data.

The comparison of cross sections for different GS potentials with FS is shown in Fig. 2b. The previous
results for potential No. 1 from Table 4 are shown by the blue curve and the results for potential No. 2 from
Table 4 are shown by the red curve. These results are slightly lower than previous ones almost in the whole
energy range and overall show less agreement with the available data [13].

Now, let us discuss calculation results of the astrophysical S-factor of the radiative capture for potentials
from Tables 4 and 5. They are represented in Fig. 3 — the blue curve similar to Fig. 2a, and the green dotted
curve with the value of 2.85(1) keV-b at 10 keV corresponds to the same curve in Fig. 2a, and black dashed
curve corresponds to the same curve in Fig. 2a and shown nonresonance scattering from the S wave with the
value of 1.69(1) keV-b at 10 keV. The calculated S-factor at 10 keV for both options of calculations is equal
to 4.5(1) keV:b.

The value of 0.15 keV-b with a smooth decrease at 2.0 MeV down to 0.1 keV-b was obtained for the
astrophysical S-factor in [21]. The interval of possible S-factor values at zero energy (S(0)) is determined to
be 0.075 to 0.23 keV-b. The value of 0.3 keV-b for the S(0) was obtained in [22] and furthermore up to 1.5
MeV the S-factor smoothly decrease approximately down to 0.25 keV-b. The interval of possible S(0)
defined in this work near the range of 0.21 to 0.38 keV-b. In [9] the S(0) is of 0.85 keV-b was obtained and
furthermore up to 1.5 MeV, the S-factor smoothly decreases approximately down to 0.75 keV-b. The interval
of possible S(0) values defined near the range of 0.63 to 1.15 keV-b. However, in all of these works [9,21,22]
none of the resonances have been taken into account and the S-factor has a smooth shape.

The general parametrization of the S-factor in the energy range up to 50 keV was obtained by the
expression of the form:

S(Ecm) =So+ SiE+ = 7)

35



where the energy is in keV and the corresponding parameters are Sp=5.082, S1=-0.09391 and S,= 0.005359.
For these parameters, the 2 value is equal to 0.26 with 5% errors comparing the initial calculated data. The result
of this parametrization is shown in Fig. 3 by the red curve.

Furthermore, in Fig. 4, the green and blue solid curves show the reaction rate of the proton capture on 8Li,
which corresponds to the same curves in Fig. 3 and is written in the form [27]:

©

N, (ov) =3.7313-10"u*'*T,*'* [ o(E)E exp(-11.605E / T, )dE - 8
0
where E is in MeV, the cross section o(E) is in ub, Ty is the temperature in 10° K. Integration is carried out in
the energy range of 10 keV—7 MeV. The black dashed curve shows the reaction rate that corresponds to the black
dashed curve in Fig. 2a and takes into account only the E1 transition from the S scattering wave.
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Fig. 3 Astrophysical S-factor of the radiative Fig. 4 Reaction rate of the proton capture on 8Li. Curves

8Li(p,y)°Be capture to the GS of °Be. Black points are are explained in the text. Point is the result from [28].
experimental data from [13]. Curves are explained in the
text.
Here, the reaction rate for results of paper [22] is shown by the blue band. In addition, the green band is
presenting in Fig. 4 the results for the <(5V> from [21]. Both of these calculations are lower than the result

obtained here by some orders of magnitude. It is seen from Fig. 4 that consideration of the first resonance
essentially changes the reaction rate as against results of publications [21,22], where only the nonresonance
calculations were carried out. Accounting for the two next resonances in present calculations leads only to

the small increasing of the <GV> at highest temperatures.
The parametrization of the reaction rate was carried out using the expression of the form [27]:

a a
N ,(ov) = _ITlmexp(—Tl%](lJr a, T +a,T?? +a,T +a,T** +a, T +a8T7’3)+

a a a a a a a a
oerom] - 2 |+ Beoo[ -2 |1 25 oo - B |+ e[ -2t

with the parameters listed in Table 6. The results of these parametrization are shown above in Fig. 4 by
the red dashed curve.

(9)

Table 6. Parameters of the analytical parametrization with % =0.06 at 5% errors of the calculated total
reaction rate.

a ar as au as ds az ag
- 7.52 - 5.3840 - 1095 56410 -
146.8134 023 1.57556E6 8E6 4.16671E6 16 5.0 41092.96
dg aio a1 aiz di3 dig ais die
- 2.34 2.75351 0.9438 - 1.18 1.2652 0.9910
417.1643 235 E6 9 2.82805E6 361 1E6 3
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Conclusion. It is possible to construct two-body potentials of the p8Li interaction that allow to describe
correctly the available data on characteristics of the bound state of °Be in the p8Li 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 one to reproduce 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 nucleus in the p8Li channel.

New results for the astrophysical S-factor and reaction rate have been obtained. They turned to be essentially
higher than similar results of previous works [21,22], where the first resonance 1/2- (0.087) was not taken into
account. The parametrization of the calculated S-factor in the energy range to 50 keV was carried out. Further
account of two other resonances 5/2- (0.410) and 3/2* (1.100) leads only to small changes of the reaction rate at
highest temperatures. Analytical parametrization of the calculated total reaction rate was carried out. As well as
the nonresonance E1 reaction rate was parametrized. The obtained results for the reaction rate of the proton
capture on 8Li may lead to an essential re-estimation of the efficiencies of light nuclei in different
thermonuclear processes in the Universe.

We consider the presented results as estimative, so as undoubtedly targeted measurements of the capture
cross sections are needed in the range where our model predicts the resonance behavior of cross sections,
supported by the modern data on °Be spectra near the proton threshold. Finally, let us note that further
refinement of experimental characteristics of high-lying levels of °Be also is strongly desirable.
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8Li(p,»)°Be KAPMAYBI KE3IHJIE COMKEC °Be ACTPO®U3UKAJIBIK CAHTE3I YIIIH
PEAKIMA KbIJIAAMAbIFBIHA PE3OHAHCTAP/bIH MOHI

AnHoTauus. OHra cei30acel OoMbIHIIA OPOMTANBIK KiIacTEpiiK KyHIi >KIKTE€yMEH KaTap, THIHBIM
calbIHFaH KYHaeri MoauduKanusuiaHFaH IOTEHIHAIIbl KIACTepii MOJIENb asChlHAA, aCTPO(PH3UKAIBIK
SHEprusiap/a MpOTOHAAPABl PaANalUsIIbIK KapMayJbl TOJBIK KeCy KapacThIpbUIFaH. DKCIEPHMEHTTIK
momimertepai  any yiniH °Be(y,po)Li  QoToxupaTy peakuusCHIH TONBIK KeCcydi KaliTa ecenTey
KOJaHbIaasl.  Actpodusukanbik sHeprusmapaa  °Li(p,»)°Be  paamanMsanblk  KapMay  yOIiH - rayce
NOTEHIMAIAPhIHBIH KepceTKimTepi aHblkTanael. ConeiMeHn kKarap, [Shoda, Tanaka (1999)] °Be:
°Be(y,p)eLi, °Be(y,d)’Li, °Be(yt)°Li, counaii-ax °Be(y,*He)®He oprypni ekimik Tapary apHaiapbl
3KCIepuMeHTaN bl 3epTTenai. OnapablH erKei-TerKeil Terne-TeHairiMeH OalIaHbICThl €Ki OeJIIeKTI
pasManusuIbIK 6ackin any mpoiectepi *Be CHHTE3iHE albill KeJeli kKOHE acTPOPU3MKAIBIK KOCHIMIANAp
KOHTEKCTiH/le THicTi Oaranayabl Tanan ereai. byn sxarnaiina, Gipinmi ymr peakums p8Li, d’Li sone tOLi
apHaJlapblH]1a 3He®He-re KaparaHaa ToMeH KYJIOH KeAepriciHiH O00mysiHa, sSFHU 3:4 KaTBIHACHIHIA ‘He’He
apHalapblHIa, aTan aWTKaHga 3:4 KaThlHACBIHAA Hasap ayaapy kepek. °Li(p,y)°Be kenmeHeH KuMachl
acTpOQM3UKAIIBIK KbI3BIFYIIBUIBIK TyIbIPATBIH 3HEPrus Kesinjeri ekinmi SLi MmOFBIpIBIH JKOHE NIAFBIH
KUMaHBIH TOMEH KapKbIHBUILIFBIHAH TiKeJaed aHblkTay KublH. COHbIMEH Katap, SLi(p,y)°Be peakumscoin
3eprrey Maceneci 8Li-838 Mc SapOCHIHBIH KapThUIal BIIBIPAYBIHBIH OTE a3 KE3€HiHIe KMMAIapabl TiKeaeh
SKCIIEPUMEHTAIIBI  OJIIIEy MYMKIH eMec Oonbin TaObutanbsl. Auaiina, néLi-kapmay karjgaiibinga na
paavalusUIBIK KapMay MOJEJIH KOHE CIIEKTPOCKOMMSUIBIK (haKTOpAbI Maiiajgana OTHIPHIN, TiKelel KapMay
KUMACBIH aly YIIiH KeHbip jkaHama dicTep naiganansulybl MyMKin. °Be Mexanusmaepain naina 60ysiH
3eprTey A =8 Maccayibl caHbpUIayIbl €HCEPY JKQHE epre OIeMJeri ayblp 3JIEMEHTTEepIiH CHUHTe3iHe,
COHBIMEH KaTap SUPErnovae r-mpouecc HIOKICOCHHTE3 MJcelieciHe Tikened KaTbiHachl 6ap. Kazipri tanzna
°Be eki caThulbl YpAIC HOTWXKECIHAe maiima Oonamsl gereH ol kanemracTel:  ofca,y)®Be anbga
OoJIIIEKTEpIiH paJualyanbK KapMaybl KbICKA FYMBIPIbI M30TONTHIH °Be (ti2 =6.7x1071s) cunresine,
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oman keiiin °Be(n,y)°Be HEHTPOHBIHBIH pajualMalblK KapMayblHa OKeJiN coraibl. by Makamaga 6i3
TeMeHri  acTpopu3uKalblK  sHeprusgarkl  p°Li — °Bey  peakuusachlH — KapacTelpambl3,  ce6ebi
apusutanraHeiHa 20 KBIT yaKbIT OONFaHBIHA KapaMacTaH «TXipHOeTik 3eTTepysep >Kocmapbhy peTiHIe
pen atkapaTeiH Terasawa et al. ¢dyHmaMeHTaIABl KYMBICHIHAAFEI aybIp DJIEMEHTTEP/IH CHHTE31HE abIl
KeJeTiH MOHA1 YpIicTiH Ti30erine KockutraH. Leistenschneider et al. (2018) sxaHa yMBICBIHIA KENTipiiAreH
2 MbhB-ke nmeifinri pe3oHaHC KYPBUIBIMBIH eckepe oThIphIT 10 k3B-ter 7.0 MaB-re aeliiHTi SHEpTUSHBIH
aitMarpl KapacTeIpbuIraH. byn peaknusasiH xputgaMasirel 0.01-ner 10 To Temmeparypa aiimMarbiHa FaHa
ecenTenreH. Pe3oHaHcTap mamManapbl MEH OPBIHAAPBIHBIH  PEaKIMsl KbUIIAMIBIFBIHBIH (opMackl MeH
IaMachlHA 9CEPiHIH aHAIN31 YCHIHBLIFaH.

Tyiiin ce3aep: saponslK acTpodusmka, 6acTanmkbl HIOKJIEOCHHTE3; KBUTYIBIK XOHE acTPO(HU3UKAIBIK
sueprusinap; peLi knactepmi xyiieci; paguanusibIK KapMay; TOIBIK Kecy.
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3HAYEHHUE PE3OHAHCOB HA CKOPOCTb PEAKIIMU ITPU 8Li(p,y)°Be 3AXBATE JIJI51
COOTBETCTBYIOIEI'O ACTPO®U3UNYECKOTI'O CUHTE3A °Be

AHHOTAIUA. B paMKaX MOIWU(UIMPOBAHHON MOTCHIUATBHOW KIACTEPHOW MOJIENU C 3alpeuicHHBIMU
COCTOSIHUSIMH, C KiaccH(UKanuei opOUTaIbHBIX KIACTEPHBIX COCTOSHHN MO cxemaM FOHTra, paccMOTpeHSBI
TIOJIHBIE CEYEHHUs PAJMALMOHHOTO 3axBaTa MPOTOHOB Ha ®Li mpu actpodusmueckux sHeprusx. [lepepacuer
NOJIHBIX ceueHuii peakuun (oropassana °Be(y,po)éLi ucnonb3yercss 11 MoaydeHHs SKCHEPHMMEHTATbHBIX
NaHHBIX. BBUIH ONpenenensl napamMeTpsl TayCCOBBIX MOTEHIMAIOB IS PaJMalMoHHoro 3axsata SLi(p,y)°Be
npu acTpodusmueckux sueprusx. B To xe Bpems B [Shoda, Tanaka (1999)] skcrieprMeHTaIBHO HCCIICI0BAHBI
pasnuunble OuHapHble KaHanmbl (ortopacmeruienus °Be: °Be(y,p)iLi, °Be(y,d)’Li, °Be(y,t)°Li, a Taxxe
°Be(y,°He)°He. OueBuaHO, 4TO CBS3aHHBIE C HUMH JETAILHBIM PABHOBECHEM IIPOIECCHI JBYXYACTHYHOTO
PaJMAIMOHHOTO 3aXBaTa MPUBOJAAT K CHHTe3y °Be M TpeOyIOT COOTBETCTBYIOLIEW OLEHKH B KOHTEKCTE
actpodusnueckux npuwiokeHuil. [Ipu 3Tom ciiexyer oOpaTUTh BHUMAaHKWE HA TO, YTO TEPBHIC TPU PEAKIIUH
MMEIOT KyJIOHOBCKHH Gapbep B kananax peLi, d’Li u t°Li nmxe, yem B *HeHe pasno kax u *“He’He kananax, a
UMEHHO B cooTHowmenuu 3:4. ITonepeunoe ceuenue SLi(p,7)°Be TpyaHO ONpenenuTh HENOCPEICTBEHHO H3-3a
HU3KOM HMHTEHCHBHOCTH BTOPUYHOTO SLi Iydka ¥ Mauoro ceyeHus IIPH SHEPTHAX, MPEICTABISIONINX
actpodusnyeckuii uarepec. Kpome toro, npo6iaema usyuenus peakuuu 5Li(p,7)°Be 3akinrouaercs emie u B Tom,
YTO MPSMOE IKCIIEPUMEHTAIBHOE H3MEPEHUE CEUCHUH OKa3bIBAeTCsl MMPAKTHIECKH HEBO3MOYKHBIM M3-32 OYEHb
MaJIoro mepuos monypacmana sgpa SLi - 838 mc. Opmmako, kak W B ciydae nSLi-3axBata, MOTYT OBITH
HCTIONIb30BaHbI HEKOTOPbIE KOCBEHHBIE METOIbI JIJISl U3BJICUEHHSI CEUCHUS IPSIMOTO 3aXBaTa C UCTIOJIb30BaHHEM
MOJICTIM  PaJMallMOHHOTO 3axBaTa M CHEKTpocKonmmyeckoro ¢akrtopa. McciemoBanue MexaHH3MOB
o6pazoBanus *Be MMeeT MpAMOE OTHOLIEHHE K MPOOJIEMe NMPEOIOJIEHUs MACCOBOI e ¢ A = 8 U CUHTE3Y
OoJiee TSHKENBIX DJIEMEHTOB B paHHel BcerneHHOH, a Takke B I-IIpoliecc HIOKJIIGOCHHTE3a B CYINEpHOBBIX. B
HACTOSIIEE BPEMS CIOKMIOCH MHEHHE, uTo °Be 006pasyercs B pe3ysbTaTe JBYXCTYNEHYATOTO MPOLECCa:
pajvanMoHHbIi 3axBaT anb(a-dyactuil a,y)’Be NPUBOAMT K CHUHTE3y KOPOTKOXKHMBYIIETO M30TONa °Be
(tr2=6.7x10""s), u nanee paauanMoHHBIA 3axBarT Heiitpona °Be(n,y)°Be. B jaHHOW cTaThe MBI
paccmatpuBaeM peakiuio PELi—°Bey npu HM3KMX acTpopH3MYECKHMX DHEPIUSX B CBA3M C TEM, Y4TO OHA
BKJIIOYEHA B LIEMNOYKY 3HAYMMBIX IPOLIECCOB, KOTOPBIE MPUBOIAT K CHHTE3Y Ooliee TSDKENBIX 3JIEMEHTOB B
(bynnameHTanIbpHON 3HaYMMOM pabote Terasawa et al., koropas ¢ MOMeHTa ee OIyOJIMKOBaHHS CIICIYIOIINE
moutd 20 JeT Wrpaer poiib HEKOTOPOro «IIaHa MPAaKTHYECKWX HCCIIeqoBaHWi». Paccmorpena obmacTb
sHepruii ot 10 k3B 1o 7.0 MaB, HO ¢ y4eToM CTpyKTypbl PE30HAHCOB TOJBKO 10 2 M»B, xoropas Obuia
npuBeeHa B HOBOM padote Leistenschneider et al. (2018). CxopocTts 3T0i peakuuu paccuuraHa B 00JacTu
temmepatyp oT 0.01 mo 10 Te. IIpencraBien aHanu3 BIMSHHS TOJOXEHHS M BEIMYHUHBI PE30HAHCOB Ha
BEIMYMHY U (OPMY CKOPOCTH PEAKITHH.

KioueBble cioBa: snaepHas acTpou3MKa; NEPBUYHBIA HIOKJIEOCHHTE3; TEIJIOBBIE M acTpoduznyeckue
SHEPruy; KiIacTepHas cucrema peLi; painanvoHHbIN 3aXBaT; MOIHOE CEYEHHE.
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