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PARTIAL POTENTIALS FOR THE 8Li(p,y)9Be CAPTURE
AT ASTROPHYSICAL ENERGIES

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 9Be(y,p0)8Li
photodisintegration is used as experimental data. Parameters for Gaussian partial potentials were obtained for
description the 8Li(p,y)3Be capture at astrophysical energies. Simultaneously, in work of Shoda, & Tanaka (1999),
different binary channels of disintegration of 9Be, namely, 9Be(y,p)8Li, Be(y,d)7Li, Be(y,t)6Li and also
Be(y,3He)tHe, 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 p8Li, d7Li and t6Li lower than in 3HefHe along with 4HHeXHe channels, namely, in the
ratio of 3:4. The cross section of 8Li(p,y)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,y)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 &i - 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.

Keywords: Nuclear astrophysics; primordial nucleosynthesis; thermal and astrophysical energies; p8.i cluster
system; radiative capture; total cross section.

1. Introduction

The study of the formation mechanisms of 9Be 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 9Be is
formed as a result of a two-stage process: the radiative capture of alpha particles a(a,y)8Be, leading to the
synthesis of the short-half-life isotope 8e (tm = 6.7*10"175), and radiative neutron capture 8Be(n, y)9Be
[2,3]. In addition, there is the more difficult process of the direct three-particle capture aan ~ y9Be, (see,
for example, [4-8]).

Simultaneously, in [8], different binary channels of disintegration of 9Be, namely, 9Be(y,p)8Li,
9Be(y,d)7Li, 9Be(y,t)6Li and also 9Be(y,3He)éHe, 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 9Be 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 8Li, d7Li and t6Li lower than in 3HefHe along with 4He5He channels, namely, in the ratio of 3:4.

The cross section of 8Li(p,y9Be is hard to obtain directly due to low 8.i beam intensity and the small
cross section at astrophysical energies. In addition, the difficulty of studying the reaction of 8Li(p,y9Be
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 [9]. However, as in the case of the neutron capture on 8Li
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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 psL i~ 9Bey 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 9Be 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 ofthis 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 ofthe 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 T9. 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 E1 transition
operators [18] (Si= Sf=§j

a (N.] Jf) = srfl\rées--i-zl\s/llﬁjlg(zsz +)'1')"j"['('2'3 . i c):(tPjJZ(NJ .]]1: J |)I.2(Jf J |) (1)

where matrix elements of EJ - transitions have a form

. _ _ _ _ JIL SJi]2
Pi2(E J,Jf, Ji) = 5SISF[(2J + 1)(2Li + 1)(2J i+ 1)(2If +1)](L J |LF0)2jJ J

fZz zn .
AJ(EJ,K) =KJIN -J+(1)J-J5 >1i(3f3i)={xY k/ (2)
vml m2y
Here Si, Sf, Lf, Li, Jf, Ji- are total spins and moments of input (i) and output ) channel particles, m1,
m2, Z1, Z2 are masses and charges of input channel particles, 1j is the integral over wave functions of the
initial xi and final Xf states, as relative motion functions of clusters with intercluster distance r, u - reduced
mass.
For the spin part of the magnetic process M1(S) atJ = 1, the following expression is obtained in the
model used (Si=Sf=S,Li=Lf=1)

, IS LJi}2
P2M 1,Jf,Ji) = 5SIFSLILAS(S + 1)(2S + 1)(2Ji+ 1)(2If+ 1)]jj 1~J,

hK
AIM LK) = ——n3 g% ™' 1jf,3,) = Xflriik) . 3)
mQc m m

Here, m is the mass of the nucleus, L1, L are magnetic moments of the clusters, and the remaining
notation, are given as in the previous expression.

Constant h2/mo is equal to 41.4686 MeV fm2, where mo0 is the atomic mass unit (amu). The Coulomb
potential at zero Coulomb radius Reoul = 0 is written in the form Vo = 1.439975 «- —2/r, where r is the

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 = 2.792847u3 and 8Li
nucleus ~(8Li) = 1.6535613 [18], where LD is the nuclear magneton.
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3. Classification of p8Li states according to Young diagrams

We take Young diagram {431} for 8Li - itwas shown in [19] that exactly this diagram corresponds to
the ground state (GS) of 8Li, if to consider it in the n7Li channel. For many other cluster systems, their
correspondence to certain Young diagrams were studied by us in [17].

Therefore, for the p8Li 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
momental = 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 9Be in the p8Li
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 p8Li system (it is known thatJ",T = 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 P 32 wave corresponds to the GS of 9Be with JKT = 3/2",3/2 and lays at the binding
energy ofp8Li system of -16.8882 MeV [21]. Some p8Li scattering states and bound states (BSs) can be
mixed by spin with S = 3/2 and 5/2. However, the same as for the n8Li system [10], here we will consider
thatthe GS of9Be p8Li channel is most probably is the 47 32 level (in spectroscopic notations 2S+1Lj).

4. Structure of the p8Li resonance states

Let us consider now the state structure of 9Be, 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
1keV) [16] relatively to the threshold of the p8Li channel and will considered only as the 4P 322 state.

Table 1- Comparison of data on the Be spectrum from different works. The threshold of the p8Li 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

Er, MeV J" "cm, keV Er, MeV J" rcm, keV Er, MeV J" "cm, 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) 712+ 47(7) 0.605(7) 712+ 47 0.605(7) 712+ 47
1.100(30) 32+ 50(22) 1.132(50) - - 1.132(50) - -
1.650(40) 7/2- 495(34) 1.688(30) 52+ 432(50) 1.692(40) - -
1.800(40) 5/2- 79(17) 1.758(40) T2+ 490(81) 1.762(50) 5/2- 300(100)

- - - 2.352(50) 32+ 310(80) 2.312(50) - 310(80)

Here, the E1 capture is possible from 4S3/2 scattering wave to the 4P 32 GS of 9Be, that is, the main
contribution is given due to the transition 4532~ 4 32. The spectrum of resonance states of 9Be in the
clusterp 8Li 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. Thefirst resonance state (1st 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 p8Li 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 4 m
resonance. The level width of rcm = 0.39(1) keV is given in [21,23]. It is possible to construct absolutely
unambiguous 4P m 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 4P /2 4P 322to the GS is possible for this state.

2. The second resonance state (2nd 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 p8Li channel [21,23]. J = 5/2-is given for this level
[21,23] that allows us to take L = 1 for it, that is, to consider it quartet 4° 52 resonance. The level width of
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M, 7.= 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 4P 52" 4P 32to the GS is also possible for this state.

3. The third resonance state (3rdRS) 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 p8Li 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 4D 772 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 wave, and then only E2 transition to the GS of 9Be is possible here, which we will
not consider due to its small value.

4. The fourth resonance state (4th 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 D 32 state for it, the E1 transition 4D 32" 4P 32
to the GS turn out to be possible. We failed to obtain the resonance in the 4S32 wave with such
characteristics; therefore, we consider this wave nonresonance.

5. Thefifth resonance state (5th 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. Ifto assume that the last momentum corresponds to
5th RS, so it can refer to the 4&m scattering state, and then only E2 transition to the GS is possible, which
we will not consider.

6. The sixth resonance state (6th 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 ofthe p8Li 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
guartet 4P 52 resonance. The M1 transition 4P 52" 4P 32 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. Ifto take for it the last momentum,
it can refer to the 4P 52 scattering state and then the M1 transition 4P 52" 4232 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 (7thRS) 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 P2coefficients
for total cross sections, given in [17], are presented in Table 2. The obtained values of isotopic spin 2Ti for

resonance states with J * are given here.

Table 2 - Characteristics of taken into account transitions at the &_i(p,y)%Be capture

No. [SHLj)1 Resona“r;lceevenergy, J 1, 2Ti Transition [?Ff';]]{ ‘ P2
1. s32 - 32+ (?) El 32 4
2. 802 1.100 (4hRS) 312+, (3?) El 32 64125
3. P12 0.087 (1¢RS) 1/2-,3 M1 P32 10/3
4. P52 0.410 (2rdRS) 5/2-,3 M1 P32 18/5
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As seen in Table 2, for the 1stRS (0.087) and the 2nd RS (0.410), the isospin T = 3/2. This means that
for these states unambiguously there are no channel mixing p + 8Li, d + 7Li, and also a + 5He, which have
the isospin T = 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 1st 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 Er and its width rcm., 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 9Be and its asymptotic constant in the p8Li channel. Since, all known values
ofthe asymptotic normalization coefficient (ANC) and the spectroscopic factor Sf, 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 8Li equals 2.327+£0.0298 fm, which is given in a database [26], was used in further
calculations. The radius 0f2.518+0.0119 fm for 9Be also is known from the database [26]. In addition, for
example, the value of 2.299(32) fm for 8Li 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(8Li) = 8.022487 amu [29] and
mp = 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 Sfofthe GS and Anc ANC are connected by the next way [31]:

ANc = Sf XC2, (4)

where C is the dimensioned asymptotic constant in fm-1/2, which connects with dimensionless AC Cw [32]

by C = -J2k0C w, and the dimensionless constant Cw defined from the relation [32]:
XL(r) =4 Ik aCwW_4h+m (2k0r ), (5)

where %(r) is the numerical BS radial wavefunction, obtained as the solution of the Schrodinger equation
normalized to unit size, W-L+1/2(2k0r) 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, k0 is a wavenumber related to the channel binding energy E where kO ="2pE /9% in
fm-1, n is the Coulomb parameter u = uZ1Z 2¢2/(%2k0) = 3.44476 -10 2yZxZ 2/k0, Z\ and Z2 are the particle

charges, L is the orbital momentum ofthe bound state.
Note that the spectroscopic factor Sf is used by us only for the standard procedure of the obtaining
possible Cwrange from the obtained in the experiment ANCvalue [31,32].

6. Potentials of thep8Li 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&i
interaction:
V(r,L) = -VLexp(-yLr2). (6)

The 4 32 level we consider as the ground state of 9Be in the p8Li 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 Sf and
asymptotic normalization coefficients ANC For example, in [33], except for their own results, the authors
add data of previous works. Ifto 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 Sf for the GS of Be in the p&.i channel from works [9,11,33,34].
is the average value on data interval

Reaction from what Sf Sffor thep &iGS Ref
was determined channel '

8Li(d,n)Be 0.64(21) [33]
12C(Be,di)uN 0.73(15) [11]
Average value 0.69, that is, =083
Average value on data interval Sf =0.66(22), 0.43-0.88 = 0.81(14)
Be(8Li,Be)dLi 1.50(28) [34]
Potential model 1.50(27) 9
Average value on all results 1.09, =105

Sf =1.11(68), 0.43-1.78

Data interval on all result
ata Interval on all results A= 1.05(28)

Furthermore, the ANC 4P 32 GS in the p8Li channel was given in [35], where Anc = 10.75(12) fm"12
was obtained. The constant for the & 32 state is much less - 0.25(10) fm"12 [35]. Therefore, we consider
here only one spin channel with S = 3/2. On the basis of expression (4) and average value on interval

= 0.66(22) from Table 2 according works [11,33] for the AC GS, the value C = 13.71(2.52) fm-12

was obtained, and because ~2kO0 = 1.307, so dimensionless AC (5) is equal to Cw= 10.49(1.93).

However, if to use the average value 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"/2and Cw= 8.46(2.34). Consequently, the possible interval
of Cwvalues 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 Cw in the given above limits, were obtained. The parameters of these potentials V1 and
Y1, and also main characteristics of the nucleus, obtained with them (binding energy Eb, asymptotic
constant Cw, mass radius <R>m and charge radius <R>ch) are listed in table 4.

Table 4 - GS potential parameters and main characteristics of Be

No. M, MeV =< E! Eb, MeV Qw <R>m, fm <R>ch, fm
1 212.151135 .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 fm, which is the AC
stabilization range. The phase shift of the elastic scattering of this potential for the GS 4P 32 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 ofthe 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. ZHj Vi, MeV Vj, fm-=2 Er (c.m.), keV rcm, keV Er (c.m.), keV rcm, keV
1. %/2 -5 0.1 - - - .

2. 32 269.242 0.2 1100 56 1100(30) 50(22)

3 PR 66.69121 0.075 87 ~0.4 87(1) 0.39(1)

4, PR 34.0399 0.04 410 203 420(7) 210(20)

Potential No. 3 from table 5 leads to the 4P 12 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 4752 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 4D 32 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 8Li interaction, which allow us to correctly
describe the available data on characteristics of the bound state of 9Be in the p8Li channel in the frame of
the MPCM. Suggested options of the GS potentials of 9Be in the p8Li 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 9Be
strongly depend of GS potential parameters of this nuclear in the p 8Li channel.
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1B.I'. ®eceHKoB aTbliHfarbl AcTpousnka MHCTUTYThbl EXKLLIC, Anmatel, KasaxcTaH;
2XanblikapanblK AknapatTaHablpy Akagemuscbl, Anmatbl, KasakctaH

ACTPO®U3NKAbL, SHEPTUANAPLATI 8Li(p,y9Be
LAMTYTA APHAITAH YNECTIK MOTEHLWANLAP

AHHOTaunsa. HOHra cbi3bacbl 60liblHWA opbuTanblKk Knactepaw KY/Ni KwWTeymeH Katap, TbifibIM
canblHraH ~npgen wmognduKauusanaHraH noTeHUmManabl KaacTepai Mofenb adcbiHAa, acTpodusmKanbiK
JHeprusnapga npoTOHAApAbl paguauuanblK Kapmayfbl TONblK KeCy KapacTbipbliraH. OKCMepUMeHTNK
ManimeTTepai any ywuw 9Be(y,p0)8Li (hoToKMpaTy peaKuUACbIH TOMbIK Kecyfi KaliTa ecentey KofjaHblnagbl.
AcTpodumsnkanbik 3Hepruanapga 8Li(p, y)9Be paguaumanblk Kapmay YLWiH raycc noTeHuMangapbiHbIH
KepceTKiwTepi aHbIKTangbl. CoHbIMeH KaTap, [Shoda, Tanaka (1999)] 9Be: 9Be(y,p)8Li, 9Be(y,d)7Li, 9Be(y,?)6Li,
coHpali-ak 9Be(y,3He)6He apTYpni ekinik TapaTy apHanapbl 3KcnepuMmeHTangbl 3epTTengi. Onapably erkei-
Terkelni Tene-TeHAirimeH 6aiinaHbiCTbl ew 6enwWweKT pagnaumanblk 6acbin any npouectepi 9Be cCUHTesiHe
anbin Kenedi >X3He acTpom3nKanblK KoCbIMLIAnap KOHTeKcTwaAe TwicTi 6aranayfbl Tanan etegi. byn
Xarpgahga, 6ipiHwi Yw peakuusa p8Li, d7Li x3sHe t6Li apHanapbiHpa 3He6He-re kaparaHga TeMeH KyJOH
Kegepncwy 60nybiHa, ArHy 3:4 KaTblHacbiHAa 4HeSHe apHanapbiHia, atan aiTkaHga 3:4 KaTblHacblHAA Hasap
aypapy Kepek. 8Li(p,y)9Be KengeHeH KMMachl acTpo@usmKanblK Kbi3bIFYLWbIbIK TYAblpaTblH 3HEPTUA Ke3iHAer|
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eKiHWi 8Li WorbipgblL, )X3He WarblH KUMaHblH TeEMeH KapKblHAbIbITbIHAH TiKene aHblKTay KubiH. COHbIMeH
kaTap, 8Li(p,y)9Be peakuumacbliH 3epTTey Maceneci 8Li-838 MC AApOCbIHbIL XapTbinai bifblpayblHbIH e€Te a3
KeselWHAe Kumanapdbl TLiefeil sKcnepumeHTangbl enwey MYMKIH emec 60nbin Tabblnagbl. Anaiga, n8Li-
Kapmay >kargaiblHia fa pagnauuanblK Kapmay MOJeniH >X3He CNeKTPOCKOMMANbIK (aKTophbl naiganaHa
OTbIpbIM, TLeNeid Kapmay KuMmacbiH any YLWiH Keilbip >kaHama 3jicTep naiganaHbinybl MYMKIH. 9Be
MexaHusmaepAaiH nanga 60nyblH 3epTTey A = 8 Maccasbl CaHblayAbl €HCEpPY >K3He epTe dnempen aybip
NEMEHTTePAiH CWUHTe3iHe, COHbIMEH KaTap supernovae r-fnpouecc HIOK/IEOCMHTE3 MacefeciHe TXXesnewn
KaTblHacbl 6ap. Kasipri TaHgaa 9Be ew catbinbl YPLic H3TuKeciHAe naifa 6onagbl AereH OW KanbInTacTbl:
o(a,y)8Be anba 6enweKTepAiH paguaunanblK Kapmaybl KbiCKa FyMbIpabl M30TONTbIH 8Be (7w =6.7*10-17s)
CUHTe3iHe, ofaH KeiiH 8Be(n,y)9Be HeATPOHbIHbIH paguvaunanbiK KapmaybiHa 3Kenin coragbl.ATanraH
Makanaga 6i3 TeMeHri acTpousnkanbiK 3Hepruagarbl p8Li N 9Bey peakuMACbIH KapacTblpambi3, ceb6ebi
XapusanaHraHbiHa 20 Xbl yakbIT 60/iraHblHa KapaMmacTaH «Taxipnbenik 3eTTepynep Xocnapbl» peTwlje pen
aTkapaTblH Terasawa et al. yHAameHTanibl XyMbICbIHAArbl ayblp 3M1EMEHTTEP/AL, CUHTe3iHe anbin KeneTiH
M3aHAiI YPgicTiy TisberiHe kocbinraH. Leistenschneider et al. (2018) »aua XyMmbICbIHAa KenTipinreH 2 MaB-ke
JEWHN pe30HaHC KypblibIMbIH ecKepe OTbipbin 10 k3B-TeH 7.0 M3B-re feTH/ 3HEPrusiHbiH aliMarbl
KapacTbipbliraH. byn peakuusiHbiy, Xbingamabirbl 0.01-geH 10 T9 TemnepaTypa aiimarbiHa raHa ecenTesreH.
PesoHaHcTap wWamManapbl MeH OPbIHAAPbIHBIH peakuns XbligaMmAabIrbIHbIL (hopMackl MeH LaMacbliHa 3CepiHiH
aHann3i yCbIHbITaH.

TYWiH cesgep: AAponbIK acTpodnsnKa; 6acTanKbl HIOKAEOCUHTES; XbINY/bIK X3He acTpofu3nKanbiK
aHeprusnap; p 8_i knactepni xYWeci; pagnauusnbik kapmay; TONbIK Kecy.

A.B. Oxa3anpos-KaxpamaHoBl2 J1.T. Kapunb6aesal2 A.A.CTebnsakoBa2

AcTpodusnydeckunii HCTUTYT B.I'. deceHkoBa “HUKNT” AKK MNP PK, AnmaThbl, KazaxcTaH;
2MexgyHapoaHasa Akagemus ViHopmatusayum, np. Abbinaii XaHa 79, Anmatbl, KasaxcTaH

MAPUMNAJIBHBIE MOTEHUWANDBI AN4A 8Li(p,y)Be SAXBATA
NMPN ACTPODPUNSNYHECKUX SHEPITNAX

AHHOTaunsa. B pamkax Moagu(pMUMPOBAHHOW MNOTEHLMaNbHOW KAacTepHOW MOAeNU C 3anpeleHHbIMU
COCTOSSHUAMMU, C Knaccumkaumein opbuTanbHbIX KAACTEPHbIX COCTOAHMIA Mo cxemMaM HOHra paccMOTPeHbI
NoJIHbIE CEYEHUA pajuaLMOHHOro 3axsata MPOTOHOB Ha 8Li nNpu acTpoum3nyeckux aHepruax. epepacuyer
MOSIHbIX CeyeHWn peakuumn d¢oTopassana 9Be(y,p08Li mcnonb3yeTca ANS NOMYYEHUS 3KCMEPUMeHTaNbHbIX
JdaHHbIX. Bblnn onpefeneHbl napamMeTpbl rayccoBbiX MOTEHUManoB Ansd paguauunoHHoro 3axsata 8Li(p,y)9Be
npu acTpousnyecknx aHepruax. B 1o xxe Bpemsa B [Shoda, Tanaka (1999)] akcnepuMeHTa/lbHO UCC/ef0BaHbI
pasnnyHble 6GUHapHble KaHanbl (oTopacuienneHns 9Be: 9Be(y,p)sLi, 9Be(y,d)7Li, 9Be(y,?)6Li, a Takxe
9Be(y,3He)6He. OueBMAHO, YTO CBA3AHHble C HUMW [eTa/ibHbIM PaBHOBECMEM MPOLECCHI [BYXYACTUYHOIO
pagvMauMoHHOro 3axeBata MPMBOAAT K CUMHTe3y 9Be u TpebylT COOTBETCTBYHOLLEW OLEHKW B KOHTEKCTE
acTpouanyeckmx NpunoxeHuii. Mpu 3aTom, cnegyeT 06paTUTb BHMMaHWE Ha TO, YTO MepPBble TPU peakuuu
UMET KY/IOHOBCKWi 6apbep B KaHanmax p 8Li, d7Li n t6Li Huke, yem B 3HebHe paBHO Kak u 4He5He kaHanax, a
UMEHHO B COOTHOWeHUKN 3:4. MNMonepeyHoe ceveHue 8Li(p,y)9Be TpyaHO onpefennTb HEMOCPeLCTBEHHO M3-3a
HW3KOA WHTEHCMBHOCTM BTOPUYHOro 8Li nyyka M Manoro CevyeHUs MPU 3HEPTUSX, NPefCTaBASOLWNX
acTpousnyeckuii nHTepec. Kpome Toro, npo6nema nsydeHms peakuum 8Li(p,y)9Be 3ak/oUaeTcs elle 1 B TOM,
YTO NPSAMOE 3KCMEePUMEHTA/IbHOE U3MEPEHME CeYEHUI 0Ka3blBAeTCA MPaKTUYeCKN HEBO3MOXHbIM M3-3a O4YeHb
Masnoro nepuof nonypacnaga sgpa 8Li - 838 mc. OfHako, Kak M B cnydae n8Li-zaxBaTa, MOryT ObITb
NCMONb30BaHbl HEKOTOPbIe KOCBEHHbIE METOAbI 419 U3BEYEHNA CEHEHUA NPAMOro 3axBaTa C UCMOb30BaHNeEM
MOJeNnn pagnaumMoHHOro 3axsara U CNeKTPOCKONUYECKoro taktopa. VccnegosaHne MexaHU3MoB o6pa3oBaHus
9Be MMeeT NpsiMOe OTHOLLEHMEe K NpobaeMe MPeojosieHNs MacCoBOM wWenn ¢ A = 8 U CMHTe3y 60/iee TSHKENbIX
31eMeHTOB B paHHeli BceneHHOW, a TakxXe B r-npoLecc HIOKNEOCUHTe3a B CYMepHOBbLIX. B HacTosllee Bpems
CNOXWNNOCb MHeHUe, 4To 9Be obpasyeTca B pe3ynbTaTe ABYXCTYMeHYaTOro npouecca: paguaunoHHbIli 3axBaT
anba-yactuy a(a,Y)8Be NpuMBOAUT K CMHTE3Y KOPOTKOXMBYLLero usotona 8e (?12=6.7*10-17s), n pganee
pagMaumnoHHbIN 3axBaT HelTpoHa 8Be(n,y)9Be. B gaHHOIi cTaTbe Mbl paccMaTpuBaeM peakuuio p 8L i/ 9Bey npwu
HU3KNX acTPOMU3NYECKNX 3HEPTUAX B CBA3W C TEM, YTO OHAa BKJ/IIOYEHA B LENOYKY 3HAYMMbIX MPOLECCOB,
KOTOpble MPUBOAAT K CUHTe3y 6osiee TSHKENbIX 3/1eMEHTOB B (DyHAAMeHTanbHOM 3Haunmoli paborte Terasawa et
al., KoTopas ¢ MOMeHTa ee ONyb/MKOBaHWA cCrefylolive novTyv 20 NeT urpaeT ponb HEKOTOPOro «nsjaHa
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NpaKkTUYeCKUX uccnegoBaHuii». PaccmoTpeHa o6nacTe 3Hepruii oT 10 k3B pgo 7.0 MaB, Ho c y4yeTom
CTPYKTYpPbl pe30HaHCOB TOMbKO o 2 M3B, koTopas 6bina npuBegeHa B HOBOM paboTe Leistenschneider et al.
(2018). CkopocTb 3TOl peakuuu paccumTaHa B ob6nactu Temnepatyp ot 0.01 go 10 T9. MpeacTaBiieH aHanms
BVAHWNA MOIOXKEHUA U BEIMYUHBI PE30HAHCOB Ha BE/IMYNHY N (DOPMY CKOPOCTU peakLun.

KnwoueBble cnoBa: HAaepHas acTpousvka; MepBUUHbIA HIOK/EOCUHTE3; TennoBble U acTpodusnyeckue
3Hepruun; KnactepHasa cucremap 8Li; pagnmaunoHHbIi 3aXBaT; MOHOE CeYEeHMe.
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