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1. Introduction

The story of nucleosynthesis beyond the iron peak is thatafron capture reactions in the
astrophysicas andr-process. However, there are 35 stable isotopes locatéeé joroton-rich side
whose production cannot be explained in the framework ofstbe and rapid neutron capture
process. One of the most accepted mechanisms for the signtffidise so-calleg-nuclei is based
on photodisintegration reactions on neutron-rich seeden{t; 2]. The reaction rates sensitivity
to the nuclear input in @-process network calculation has been considered [1, 3réds the
low massp-nuclei (70<A<120) show a stronger dependence on thp)(reaction rates, the heavy
mass stable proton-rich isotopes are very sensitive tatiamis on the y(, o) reaction rates, which
directly depend on the considerednucleus potential.

By measuring the angular distribution of alpha particles&rgies close above the Coulomb barrier
it is possible to extract information on tleenucleus potential. However, as shown #6tSm [4]
and®Mo [5], at these energies several “families* of the potdr{tiharacterized by different depths
of the real nuclear potential) provide an equally good dp8on of the scattering data.

Here we present the first results obtained in the analysisegbotential families extracted from the
angular distribution of the reactiof¥®Cd(a, a)'°°Cd [6] measured at the ATOMKI laboratory at
energies around the Coulomb barrier. The sensitivity ofdhdlies to the description af particle
capture reactions measured clos@4orocess relevant energies [7] is also shown.

2. Systematic Study: The family problem

The analysis of the elastic scattering cross section ofehetion'°®Cd(a, a)1%Cd was per-
formed within the optical model:

U(r) :Vc(r)+VR f(l’, RR,aR),—HVV\/ f(r,R\/,a\/)+NVS g(r, Rs,as) (2.1)

with the Coulomb potential (%):

Zp Z1 92372(5@ for r <Re
Ve(r) = (2.2)

Zp 27 € for r > Re

and a complex nuclear potential, for which we adopted difievolume and surface parameter-
izations of the Woods-Saxon form(r) =Vp fy(r) andW(r) =W, fy(r) +Ws g(r, Rs,as) with
fi= (1+exp roR ' , R =rA? i =V,Sandg(r,Rs,as) = —4 aS% as described in
[8, 9, 10]. The optical model is designed to simplify the mtion between two nuclei, such that
an otherwise difficult to solve many-body problem is simplifio the interaction between two inert
nuclei using an effective potential.

The main goal of this work was to obtain the potential thatieately describes the measured cross-
section data. As shown in previous works [4, 5] there arerabpetential families, corresponding
to different depths of the real part of the nuclear potentlat describe with similar quality the
elastic scattering data at energies around the CoulomiebaFollowing a similar approach we
have performed a systematic variation of the real part ohtieear potential studying the angular
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distribution measured at the highest energyE 19.6 MeV) in order to obtain all the families of
the 1%6Cd-a potential. We adopted the code a0 [11] to iteratively caltaithe angular distribution
for each potential. In our approach, the diffusenegsaad radius (R of the real part of the poten-
tial were fixed, while the real depth potentialMvas successively decreased and the imaginary
potential adjusted for each case. The results are presantddure 1. We obtained 14 different
potentials that equally describe tA&Cd(a, a)'%¢Cd interaction, i.e, theix?/F is very similar
(lower part of the figure). The variations of the volume imtdg for both real J) and imaginary

(&) parts of the potential are shown as well. As indicated atiifies describe with similar quality
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Figure 1: Obtainedy?/F (bottom) for the different families of the potential extted from the analysis of
the 1%Cd(a, a)1%Cd reaction at i, = 19.6 MeV. The resulting volume integrals for the red, tbp) and
imaginary (J, center) potentials are shown as well.

the experimental results. We present as an example FamilyoNo Figure 2 together with the
experimental data for the three considered angular disiis [6].

The 14 different potentials that we encountered are a coeseg of the family problem that
arises from the fact that the scattering cross section issmisitive to the asymptotic properties of
the wave function (reflexion coefficientg and phase shift§,).

3. Description of existing capture data

Once finished the analysis of the elastic scattering dagegitained families of the potential
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Figure 2: Experimental Rutherford normalized angular distribusidor the reactiort°®Cd(a, a)'%Cd at
Ejap = 16.1, 17.7 and 19.6 MeV [6]. In addition, the results okgdimsing Family No. 6 are shown. All
three angular distributions are accurately described &gstracted families.

were used to calculate the cross section for the procé8&ed(a, y)1°Sn, %Cd(a,n)1%°Sn, and
106Cd(ar,p)L°®In. For this purpose, the NON-SMOKEEB[12] application was employed.

The resulting astrophysical S-factors are presented iar€ig together with the experimental

data from [7] .

As it can be observed, all derived potentials overestintaexperimental data féPCd(a, y)11°Sn
and1%Cd(a,n)1%%Sn processes, but describe #€Cd(a,p)'%°In reasonably well. More remark-
able is the fact that all families of the potential, despite targe range of the nuclear potential
depths for both real and imaginary parts, provide almoss#me output. This indicates that the
real part of the potentials derived in this work is very irg@we in the description of radiative

capture ofa particles by the nucleu$°Cd.
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Figure 3: Astrophysical S-factor of th€°Cd (a, y) 11°Sn,1%Cd(a,n)%°sn and'°Cd(a,p)'°%In reactions
together with the results obtained from the 14 differeneptal families obtained in this study.
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4. Conclusions

In this work we have performed a systematic study of the piatiefamilies of the systenuw
- 106Cd analyzing the angular distribution of the reactt®Cd(a, a)1°Cd at energies around
the Coulomb barrier. We obtained 14 different potentialapsterizations, which were used
in the calculation of the astrophysical S-factor for 8%€Cd(a, y)*1%Sn, 1%Cd(a,n)!°°sn, and
106Cd(ar,p)'®In reactions. An almost equal result was obtained in deisyithe compound re-
actions at energies of astrophysical interest. Furthersitiyations are underway to clarify the sen-
sitivity of the real and imaginary parts of the nuclear ptitdrin the description of these processes
and will be the topic of a dedicated paper.
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