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1. Motivation

The p process [1] is the production mechanism for a certain nurabgroton-rich, stable nu-
clei, that cannot be produced by neutron captures. These@&inlying between Se and Hg, are
referred to ap nuclei. The most favoured scenarios for fhprocess involve the photodisintegra-
tion of intermediate and heavy elements at high tempeaf@rebillion degrees Kelvin) that can
be achieved only during the explosive burning phases of ikeastars. One of the persistent puz-
zZles of the currenp-nuclei abundance calculations, is the underproductiothe@iMo—Ru region.
These discrepancies could be due to uncertainties in thephgsical models or in the nuclear
physics data used. During the photodisintegration procesgron, proton and-particle emission
compete with one another and wihdecays.

Reproduction of the abundances of fheuclei requires a reaction network calculation involv-
ing almost 20000 reactions. However, only very few of thesetions can or have been measured
in the laboratory, so the network calculations rely largetytheoretical estimates of the relevant
reaction rates. Considerable effort has been devoted irettemt years to determine the nuclear
properties entering the theoretical calculatons of reaatates. One such property is thienucleus
optical model potential (OMP), which is poorly known at loweggies close to the Coulomb bar-
rier. The uncertainties in the OMP lead to large uncertainties in the cross sectiors-ofduced
reactions and their inverse processes (by up to a factormah@)can therefore affect theprocess
network calculations. This has motivated us to carry outsesyatic investigation odr-induced
reactions on nuclei of relevance to therocess.

2. Experiments

Experiments have been carried out at the Dynamitron a@atetenf the University of Bochum
using a 4rtlarge-volume cylinder-shaped (12 inghl2 inch) Nal(TI) single crystal with a borehole
of 35 mm diameter along its axis. Targets were placed at threcef the crystal, which covers
almost 98% of 4. The targets used in our measurements are shown in Fig. $.Wiére either self-
supporting or backed with Gold and highly enriched in theegponding isotope. Their thickness
ranged from 0.4 to 1 mg/cirand was determined before as well as after the experimeing us
Rutherford Backscattering (RBS) and/or the X-ray Fluoneee(XRF) technique. As the targets
were cooled with air during all measurments and the beanecuon target was low (10 to 20 nA),
no significant target deterioration effects were found.

Due to the 4t geometry covered by the Nal detector, angle-integratiaixes were measured
and, thus, corrections for angular distribution effectgemaot necessary. The main advantage,
however, of using such aummingdetector is that the response function of this detectorslead
predominantly to a single peak, callsdm peakat an energyes = Q+ E¢mn, WhereQ is theQ
value of the reaction an., is the center-of-mass projectile energy. Some typicalexirgkegrated
y spectra measured with therdNal summing detector are given in [2]. As the sum peak results
from the summation of the varioyscascades “starting” from the entry state and “ending" at the
ground state of the produced compound nucleus its inteaaitype used to obtain the total reaction
yield and, hence, the cross section of the capture reactimteoest (see in [2]).
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Figure 1: Stable medium-mass nuclei (grey boxes) used in cross seogasurements ofi( y) reactions.

3. Calculations

The a-capture cross sections were calculated by the statisticalel code MOST [3]. The
code includes all the available experimental informatiomaclear masses, deformation, and spec-
tra of low-lying states. The nuclear masses are obtained fihe experimental compilation of Audi
and Wapstra [4] and the ground state properties (matterntgessgle-particle level scheme) are
predicted from the microscopic Hartree-Fock-BCS model Thle E1 transition strength functions
are described by the hybrid model of [6], while the M1 traiosié are parameterized following [7],
with the energies and widths taken from [8]. The nucleondmgiasion coefficients are obtained
from the nucleon-nucleus global phenomenological OMP hfile the nuclear level densities
(NLD) are taken from the microscopic statistical model di][1

Below the neutron emission threshold, thecapture cross sections are sensitive only to the
a-nucleus optical potential. An effort to develop a globahsenicroscopica-nucleus OMP led to
three different types of potentials (I, II, 1ll) [11], all efhich were adjusted to the bulk of existing
data ona-elastic scattering and-induced reactions at low energies. The most complete skthe
potentials, OMP lll, includes a volume and surface imaginaart, as well as dispersive correc-
tions to the real part. The real potential was obtained fraowable-folding method on a realistic
effective nucleon-nucleon interaction, using projeetd@d target-density distributions based on
experimental data and Hartree-Fock calculations (foridesae Ref. [11]). OMP Il was able to
give a reasonable description of all the,q), (a,y), (a,n), (a,p) and (ng) data at low energies.
However, the lack of sufficient data in the mass region arofind 100 andA ~ 200, together
with the fact that most of the existing data extended overgeee where other nuclear proper-
ties (nucleon OMPs, NLDs) also had an impact, meant thatrtainges in the phenomenological
imaginary part of the potential remained at large.

In this paper, we put further constraints on the parametdiseeamaginary potential OMP llI,
by re-fitting them to an extended database of experimentgd) cross sections that includes the
new measurements shown in Fig. 1 and also, other data thatitemn made available since 2001.
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The latter included,y) cross sections of*Cu [12], °°Ru[13],1°6Cd[14], and'®’Ag [15].

In a first step, we modified the diffusenessf the volume and surface terms, and the damping
coefficient C of the surface term shown in Fig. 2. As can be seen in the figheere-fitting
procedure resulted in a more diffuse imaginary potentiahiwlei withA < 150 compared to nuclei
with higher mass values. The new data also required lesacgugbsorption at lower energies as is
indicated from the higher values &fin Fig. 2.

06~

0.5r ~

0.4 ~o

diffuseness a
/
7/

0.3r ~

L L L r L L L L L
o 20 50 100 150 O'20 5 10 15 20 25 30

A Energy (MeV)

Figure 2: Diffusenessa and surface damping coefficie@tof the original OMP Il (solid line) [11] and
updated present potential (dashed line).

The calculations are compared with the experimental datalaoriginal OMP 1l results in
Fig. 3. An improvement is observed in the case%fe, °Ge, °®Ru, and°®Cd while for all the
other nuclides there is hardly any difference from the oagOMP Ill. Overall, the agreement with
the data is very good. The shaded areas in the figure are fdmynesing different nucleon OMPs
and NLD formulas, and outline the range of uncertaintieshefdalculations. Work is underway
to further improve the geometry of the imaginary OMP Il byjueding to old and new data on
a-elastic scattering and all the otherinduced reaction data available.

Part of this work was performed with financial support fromMiarie Curie’ European Re-
Integration Grant at NCSR “Demokritos”.
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Figure 3: Cross sections for thea(y) reaction on nuclei included in Ref. [11§3Cu [12], °®Ru [13],
106Cd [14],197Ag [15], and®1Zr measured in the present work.
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