
The Third Eurasian Conference "Nuclear Science and its Application", October 5 - 8 , 2004.

experimental cross section (or the astrophysical S factor, S(E)) and of the theoretical

calculations at extremely low energies E (E< 600 keV) (see [1 ] and references therein).

The aim of our work is to find out the principal cause of the existing large spread of the

calculated values of S(E) at extremely low energies obtained by different authors, including

the results of the present work. The basic idea of our consideration is that the d(a,y)6Li

reaction at such energies is predominantly peripheral [2]-[4]. Therefore the values of S(E) at

extremely low energies are mainly determined by the nuclear vertex constant (NVC) (or by

the asymptotic normalization constant (ANC)) for the virtual decay 6Li—>a + d. Taking this

circumstance into account, we calculated the NVC for the virtual decay 6Li—>a + d in the

framework of three- body (ctnp) Faddeev equations in the momentum space. The Malfliet-

Tjon and Graz potentials for AW interaction and the Sack-Biedenharn-Breit and Yamaguchi

type potentials for aN interaction were used. The results of our calculations show that the

obtained values of the NVC (or the ANC) are sensitive to the form of AW and aN potentials.

This result is also corroborated by the values of the NVC calculated within the microscopic

model using the Minnesota and Volkov potentials for NN- interaction [5]. The values of the

NVC obtained in the present work were used to determine the values of the astrophysical S

factor for the direct radiative capture d(a, y)6Li reaction at extremely low energies. It is shown

that the values of the NVC corresponding to the different forms of AW and aN potentials lead

to the different values of the astrophysical factor S(E) at extremely low energies, including

£=0. It is concluded that the uncertainty in the calculated values of the astrophysical factor

S(E) at extremely low energies, including E=0, is mainly related to the degree of sensitivity of

the calculated values of the NVC (ANC) to the form of AW and aN potentials used.
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Obtaining the extremely low energy cross sections for the reaction 7Be(p,y) 8B is of great

interest for a reliable estimation of the rate of this reaction, which is crucial for an accurate
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determination of the solar neutrino flux. At present, in current literature, there is a rather wide

spread in estimation of this rate (see, for instance, Ref. [1] and references therein).

In this work, the modified two-body potential approach for analysis of the astrophysical S-

factor S(E) for the peripheral direct radiative capture 7Be(p,y) 8B reaction of astrophysical

interest is applied, in which the additional conditions of verification of the peripheral

character of the reaction under consideration are formulated. The method involves the

information on the asymptotic normalization coefficient (ANC) for the virtual decay
8B—»7Be+p and allows one to exclude the model dependence of the calculated direct

astrophysical S-factor S(E) on the geometric parameters (radius ro and diffuseness a) of the

adopted Woods-Saxon potential, which is usually used for calculations both for the two-body

(7Be+p)-bound state and for the 7Be p -scattering state. The rather precise experimental

astrophysical S-factor, Sexp(E), in the energy range 100 < E < 1400 keV for the 7Be(p,y) 8B

reaction, measured recently by the authors of Ref. [1] is used for the analysis. It is

demonstrated that at extremely low energies this reaction is strongly peripheral and the

measured Sexp(E) can be used as an independent source of getting the information about the

ANC. The new information about values of the ANC is obtained with an estimation of the

weighted mean errors for them, which involves both the experimental errors of the Sexp(E),

and uncertainty of the method not exceeding 4%. The extracted value of the ANC is equal to

C2=C2i/2+C2
3/2=5.68 ±0.15 fm"1, where the indices show the value total angular momentum of

the proton in the (p+7Be)-bound state of 8B. It was also demonstrated that the obtained result

for the ANC has a fairly weak dependence (up to 8%) on the geometry of the adopted Woods-

Saxon potential for the bound (7Be +p) states and for the 7Be p-scattering state. The obtained

value of the ANC was used for the extrapolation of the astrophysical S-factor S(E) for the

reaction under consideration for energies less than 100 keV, including E=0. In particular, the

value of S(0)=21.1 ±0.6 eV has been obtained.
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In light nuclei (A<20) different forms of movements of nucleons can be observed. They

are partial, collective, clustering and, naturally, their correlations. Last years in a nucleus !8O

have been found a + 14C molecular bands:

dipole
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