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ASYMPTOTIC NORMALIZATION COEFFICIENTS
FROM THE 14C(3He, d)15N REACTION ANALYZIS

Thework is devoted to determining the values of the Asymptotic Normalization Coefficients (ANCs) of bound
proton states in the 15N nucleus from the experimental data on the reaction 14C(3He, d)15N [1]. In addition
to new data on the structure of the 15N nucleus, knowledge of the squares of ANC is necessary for calculating
the astrophysical S factors and reaction rates for the radiative proton capture 14C(p, γ)15N reaction. The
study of radiative proton capture reactions occurring in the processes of primordial and stellar nucleosynthe-
sis is an important part of nuclear astrophysics. In particular, the above reaction can play an important role
in inhomogeneous Big Bang models, being a participant in the chain of processes [2,3]
We have analyzed the differential cross sections (DCS) of the 14C(3He, d)15N reaction from [1] (at a beam
energy of 25.4 MeV,) within the Modified DWBA (MDWBA) [4] framework, which can be applied in the case
of a one-stage process of peripheral proton transfer.The verification of the peripherality of a proton transfer
in the region of the forward angles of deuteron emission was carried out using MDWBA tools. It showed that
the transfers of a proton to the ground state as well as to 5.27 MeV 5/2+, 5.30 MeV 1/2+, 6.32 MeV 3/2−,
7.16 MeV 5/2+ and 7.30 MeV 3/2+ states of the 15N nucleus are practically peripheral, since the spread of
the test function ρ(b) values does not exceed the experimental DCS errors. At that, the single-particle ANC b
changed when the geometric parameters of Woods-Saxon potential of the proton bound states varied in the
range 1.10 < r < 1.40 fm and 0.5 < a < 0.8 fm. When calculating the MDWBA DCSs, we employed both optical
potential (OP) parameters found by the authors of [1] and modern widely-used global OPs in the entrance
and exit channels of the reaction [5,6].
It was found that the calculations describe the experimental DCSs well in the forward hemisphere of the
deuteron escape, including the main diffraction maximum of the angular distributionsfor all considered cases.
This suggests that the dominant mechanism of the reaction is a one-step proton transfer. Under this assump-
tion, for these states of the 15N nucleus, the values of the squared ANCs of proton bindingwere estimated
by normalizing the calculated DCSs to the experimental ones for angles in the region of the main maxi-
mum of the angular distributions. For 3He → d+p binding, the value of the squared ANC was used equal
to 4.28±0.50 fm−1 [7]. The values of the ANC squares were found to be 0.49±0.08 fm−1, 0.033±0.006 fm−1

and 0.0063±0.0011 fm−1 for the states 6.32 MeV, 7.16 MeV and 7.30 MeV, respectively. Data for the final
states of 5.27 and 5.30 MeV, which were not resolved in the experiment (see [1]), are currently being analyzed
by us. We also note that the ANC for the ground state of the 15N nucleus was found by us in work [8]
The found ANC values are planned to be used in calculating the astrophysical S-factors and the rates of radia-
tive proton capture by the 14C nucleus at stellar temperatures.
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