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RADIATIVE CAPTURE a(r,y)’Be AT LOW ENERGIES

Burkova N.A. !, Dubovichenko S.B. °, Tkachenko A.S. ? Mukaeva A.R. >, Beisenov B.U. 2

'al-Farabi Kazakh National University, Almaty, the Republic of Kazakhstan
?V.G. Fesenkov Astrophysical Institute, Almaty, Kazakhstan

The process of radiative capture *He(a. )’ Be at low energies corresponding to the thermonuclear processes in

the prestellar stage of the evolution of the Universe plays a key role in nuclear astrophysics, since it can close the proton-
proton fusion cycle [1].

Another aspect that requires an estimation of the "Be rate production is the inclusion of this nucleus in the chain
of radiative capture of protons leading to the synthesis of *B whose decay is directly related to the solution of the problem
of the intensity of solar neutrino fluxes [2]. That is why, experimental data on the reaction * He(a, 7)"Be are constantly

refined [3, 4], which in turn requires the adjustment of theoretical model calculations.
Special interest to the *He(a,y)"Be reaction concerns the new measurements for the astrophysical S-factor

performed for lowest today 23 keV energy (2, 3].

In the framework of the modified potential cluster model with the classification of orbital states according to
Young diagrams and the refined potential parameters for the ground state of the 'Be nucleus in the *He*He cluster model
with forbidden states, astrophysical S-factors of the radiative capture of *He*He from 20 keV have been calculated [5, 6].
The parameters of the cluster-cluster potential are consistent with the data on the asymptotic normalization constants, the
data on the "Be nucleus spectra, the binding energy, and also the root-mean-square charge radii.

The results of present calculations are given in Figure. For references to the experimental data compilation see [4].
Transitions on to the ground state (3/2°) and first excited state (1/2°) have been accounted; solid curve is the sum of these
partial cross sections.
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As can be seen in Figure, the results of our calculations at the energy of 23 keV lie in the region of experimental
errors in [2]. For the energy of 20 keV, our calculation yields an S-factor of 0.570 keV-b, and at 23 keV it is 0.561 keV-b.

+6
The most recent measurements of the S-factor at 23( 5) keV energy [2] lead to a value of 0.548 (54) keV-b which

agrees well with our results.

s Imbriani G. Direct measurements of cross section of astrophysical interest // Journal of Physics:
Conference Series 312 (2011) 042004.
2. Takéacs M.P. et al. Constraining big bang lithium production with recent solar neutrino data // Phys.

Rev. 2015. V. D91. P. 123526 (7p.)
3. Trezzi D., Anders M., Aliotta M. et al. Big Bang SLi nucleosynthesis studied deep underground (LUNA
collaboration) // Astroparticle Physics. 2017. V. 89. P. 57-65.

4. Di Leva A, Gialanella L., Strieder F. Experimental status of 'Be production and destruction at
astrophysical relevant energies // Journal of Physics: Conference Series 665 (2016) 012002.

5. Dubovichenko S.B. Astrophysical S factors of radiative *He*He, *H*He, and 2H*He capture // Phys.
Atom. Nucl. 2010. V.73, P.1517-1522
6. Dubovichenko S.B. Radiative neutron capture and primordial nucleosynthesis of the Universe. Fifth Russian
Edition, corrected and added. Germany, Saarbrucken: Lambert Academy Publ. GmbH&Co. KG. 2016. 496p.
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RADIATIVE CAPTURE "Be(p,y)*B AT LOW ENERGIES
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1 - al-Farabi Kazakh National University, Almaty, the Republic of Kazakhstan
2 — V.G. Fesenkov Astrophysical Institute, Almaty, the Republic of Kazakhstan

The radiative capture reaction p+’Be—>*B+} at astrophysical energies with the formation of an unstable *B

nucleus, which due to the weak process decays B—®*Be+e™+v with a further breakdown of ®Be into two - particles *Be
—*He+*He is one of the final reactions of the proton-proton cycle, which causes the main energy output of our Sun and.
apparently, most of the stars of our Universe.

High-energy neutrinos from the decay process of ®B in solar reactions are registered by detectors on the Earth and
make it possible to judge the course of some thermonuclear processes on the Sun. Therefore, a detailed study of this
reaction, in particular, the shape and dependence on the energy of the astrophysical S-factor and the reaction rate, is of
considerable interest for nuclear astrophysics. Such results will contribute to a better understanding of the mechanisms of
thermonuclear processes occurring in various synthesis reactions.

So, that is the reason for the detailed experimental study by the Seattle —- TRIUMF collaboration [1, 2].

Present calculations have been done within the Modified Potential Cluster Model [3]. Potentials of cluster-nucleon
interactions coordinated with the spectra of the *B for the scattering channel and the main bound *P; state in the cluster
p’Be channel are constructed. In the modified potential cluster model, the possibility of describing the astrophysical S-
factor of the radiative p’Be—>*B/ capture to the ground state of the *B at the energies up to 1 MeV is considered.

The resonance at an energy of 0.722 MeV due to the M1 transition from the resonance *Pj-scattering wave is
revealed. The results for the calculated S-factor are given in the Figure. The obtained value 26.6 (1.5) €V -b for the 5

factor at 10 keV is in reasonable coincidence with the available experimental data and ab initio theoretical calculations
[4 - 6].
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The total cross sections and the reaction rate for the p’Be—>*B/ capture in the temperature range from 0.01 to §
To have been calculated.
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For practical calculations of the differential cross sections of scattering processes in a wide energy range enough
to consider elastic channels, that is, with good accuracy to take into account only the spin-orbital potential 7, neglecting
spin-spin interaction. In this case, the matrix of the amplitude of transition M is written as follows [1]:

M, (0) =NTK [ SAB)S,,. +13 (2041 CLioClk,, exp(2ic, Y1-UJ Y (6,0)]. (1
JE

SO v im

Differential cross section for elastic scattering in a system of two particles with spin structure 1+1 taking into
account the spin-orbit interaction appears as:

do (6)-= 3 do, 5 do, 5
dQ §d0 8da’ -
where the indices 7 and g belong to fripler and quintet states of scattering in the total spin channel S =1 and S=_

, respectively.
Let us present the new version for the matrix element (1) squared by modulus. As a first step the following
compact exprassion is suggested:

M:w"(e) = ZC;{'FOCjVmeAS Yfm(gs 0) 2 { ':
Jtm
p Jr [ £O)+iQi+)* & (1-U?), ifv=1";
(=T . / Yer, . 1 (4
Tk e+ (=T, ifv v,

While using the recoupling scheme for the angular momentums [2], and introducing the infermediate momentum
x we arrived to the following result:

SSK -
CLlioCltin = T (™ @I +1)CEL, c{ } (s
rem eed
Now we may obtain the matrix element. Using (4) and (5) the new representation is of the form:
M, (&)= (-1)/"(2J+1) 2’”1c;‘m ceo {f f;} ALY, (6.0)- (6
xJim

Let us turn now to the construction of the dlfferenual cress section basing on the A/ . matrix. According ths
general quantum mechanical rules matrix A/, . should be squared by modulus, then summing by s,v,»’ quantum

numbers should be done, and final expression should be averaged by the spin of particles in initial scattering channel.
Final expression for the differential cross section has the following algebraic form:
e I 28 Is e e, { Y ACLTE @)
Q (25, +D2s, +) <\ 2c+1) & \ceg
It should be noted, that this expression for the differential cross section is of the universal form, and may be
applied for any elastic scattering processes. We see some advantage of obtained formula in case of direct programming.
In addition we want to give the limiting conditions on the new introduced in (5) momentum x:0<x <25 and 0<K <2/

In particular case of deciared channel spin structure §=1+1 we have the following variant for the differential
cross section:
do 1 (2s+1) T -1 (s J| . 2
=— 1T 4;,Y,.(6.0) . §)
o) 4; 2 +1 IJ‘Z‘W( 1 » Y Cr’Om sli A Y, ) (
Present results would be applied for the phase shift analysis of elastic scattering data for the high channel spin
states.
References:
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2. Varshalovich D.A., Moskalev A.N., Khersonskii V.K. Quantum Theory of Angular Momentum. NY:

Word Scientific, 1988. 524 p.
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