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Abstract. The cross sections of the astrophysically releRb(p,nf°S¥™ reaction have been
measured between.F, = 2.16 and 3.96 MeV. The cross sections have been derived hguriag
the y radiation following the3 decay of the reaction products. A comparison with the ptetis
of Hauser-Feshbach calculations using the NON-SMOKER codérms a recently derived mod-
ification of the global optical proton potential.
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INTRODUCTION

The synthesis of the so-callganuclei [1,/2] (the heavy, proton-rich isotopes which
cannot be synthesized by neutron capture reactions in thiergarocess) is still one of
the least known processes of nucleosynthesis. It is géyneadepted that the synthe-
sis of thep nuclei, the astrophysical p-process, mainly involyaaduced reactions on
abundant seed nuclei produced at earlier stages of nucitesys by the s- or r- pro-
cess. During the p-process, material from the bottom of #ikey of stability is driven
to the proton-rich side by consecutivgrf) reactions. As the neutron separation en-
ergy increases while the charged particle separation iEsedgcrease along this path,
charged-particle emittingy(a) and (/,p) reactions become increasingly important for
the more proton-rich region.

Theoretical investigations show that in the case of theyetdn of the lightp nuclei,
(y,p) reactions play a key rolel[3, 4]. The relevant astroptglsieaction rates can be
determined from the cross section of the inverse captuitioss through the detailed
balance theorem if the corresponding capture cross ssdi@nknown experimentally.
In the last few years several proton capture cross secti@sumements fop process
studies were carried out [5,6, 7,8, 9,10,111,12, 13, 14,6517, 18, 19, 20]. However,
it has been shown recently that not onjyp) reactions are important for modeling the
synthesis of the lighp nuclei, but (n,p) and (p,n) reactions should also be takéem in
account([4].

To investigate the impact of nuclear reaction rates on ptedp process abundances,
simulations with different sets of neutron, protancapture and photodisintegration
rates have been performed by Ragtpal, [4]. It is stated that some (p,n) reactions —
such as th&Rb(p,n§°Sr — exhibit strong influence on the finplabundances.
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TABLE 1. Decay parameters §PRb(p,n$°Sr reaction products taken

from [21].
Residual  Half- Gamma energy  Relativey-intensity
nucleus life [keV] per decay [%]
8519  64.84+0.02d 514.0% 0.02 96+ 4
83m  67.63+0.04m 231.64t 0.01 84.4£0.2

Contrary to the well studied (p), reactions, there is only limited experimental infor-
mation available about the low-energy (p,n) cross seciiotise mass region. Recently,
the cross section of tH€Ge(p,nY®As reaction has been measured [17] and considerable
discrepancies between the experimental data and the tlvabprediction were found.
To reproduce the cross sections the strength of the imagpeat of the widely-used
semi microscopic potential af [23] (including low-energydifications by|[24]) had to
be increased by approximately 70%.

The above considerations show that certain (p,n) reactioihsence directly the
results of go process network calculations and they also provide a $empitobe for the
statistical model calculations. Therefore it is advisedaatinue the systematic study
of nuclear reactions relevant for theprocess by measuring the cross section of the
85Rb(p,nf°sr.

EXPERIMENTAL TECHNIQUE

The experiment was similar to our previol(RGe(p,nY®As studies|[17]. Here a brief
summary on the experimental details is given.

The targets were produced with evaporating natural RbG@rtebal purity: 99.99%)
onto thin Al foil. The isotopic abundances &Rb and®’Rb are 72.17 and 27.83%
respectively|[21]. The absolute number of target atoms aeduniformity were de-
termined by Rutherford Backscattering Method (RBS) ushng Nuclear Microbeam
facility of ATOMKI [22]. The energy of the proton beam proed by the Van de Graaff
and cyclotron accelerators of ATOMKI was between 2 and 4 MeMéred with 200
keV steps) with 600 nA beam current. Each irradiation lastegroximately 8 hours.
The check the possible systematic errors, the-2.6 MeV irradiation was carried out
with both the Van de Graaff and the cyclotron acceleratodsrendifference in the cross
section was found.

The 8Rb(p,n) reaction leads to groun&8$M¥) and isomeric state€St™ of the
Strontium isotope. Th&*SH decays by3* to 8°Rb and thé®Si™ with internal transition
to the ground state ¢PSr and with electron capture ad to 8°Rb. For determining
the cross section of tH®Rb(p,n$°SK reaction the 514.01 keV, for tHERb(p,nF>SiMm
reaction the 231.84 keV gamma line was used. The decay ptrenoé®®S9™ isotopes
are summarized in Table I. Since proton induced reactiori®ll are leading to stable
or short lived isotopes - except the 388.51 keV gamma radidtom the?’Rb(p,n$’Srm
reaction - no disturbing gamma lines were observable.

For measuring the inducegtactivity a lead shielded HPGe detector was used as
in our previous (p,n)-study [17]. After each irradiatioreth spectra were taken for
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FIGURE 1. Typical activationy-spectra taken after the irradiation of RbClI target with @eft panel)
and 3.8 MeV (right panel) proton beam. The 514 keV peak froe$Rb(p,n$°S¥ reaction can be well
separated from the annihilation peak as can be seen on this.ifhe length of the waiting timeyft
between the end of the irradiation and the start of yreountings were 540 (E= 2.4 MeV) and 30
min (Ep = 3.8 MeV). The lower panels shows typical spectra takenérépeated activity measurement
approximately one month after the irradiations (for detade the text).

12 h. The main experimental challenge was to separate thsiticn of E, = 514.01
keV from the usually broad annihilation peak coming fromrhgaduced reactions on
impurities of the target and the backing by carefully chongghe waiting and measuring
time. The 511 keV peak was always less than or comparablestorta of the relevant
transition at 514 keV, as shown in the insets of Fig. 1. Begaighe relatively long
half life of 8%9Sr (T. 1/2 = 64.84 d) we were able to repeat the activity measurement for
each target after approximately 1 month when the intendithe 511 keV radiation
is substantially reduced. The spectra taken in the repeatddty measurement in the
case of the 2.4 and 3.8 MeV irradiations are shown in the Igpaeels of Fig. 1. The
two measurements yielded consistent cross sections grtweproper separation of the
511 keV and 514 keV peaks.

RESULTS AND CONCLUSIONS

Based on the activity measurement one hour after the itradiand the repeated activity
measurement one month later, two separated analysis waeke idathe case of the
85Rb(p,n§°SK reaction. The derived cross sections agree within 4%. Tlaé fasults
were calculated from the average weighted by the statistiweertainty of the twoy
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FIGURE 2. AstrophysicalS factor of the®Rb(p,nf°Sr reaction. The lines correspond to Hauser-
Feshbach statistical model calculations performed withNMON-SMOKER codel[25] using different
proton optical potentials as input.

countings.

The measured astrophysi&fhactors §(E) = cE~Lexp(—2mm), wheren is the Som-
merfeld parameter for taking into account the Coulomb banpenetration) obtained
from the total cross sections leading to the isomeric andrgicstate of°Sr are com-
pared to theoretical predictions obtained with the NON-SMER code [25] in Fig. 2.
Two different proton optical potentials were used as inputlfie calculations: the well
know JLM potentiall[23, 24] and a modified JLM potential [1As can be seen in Fig.
2, the theoretical energy dependence of the resulifigctor is slightly steeper than
the experimental data in the case of the use of the JLM paleatthough there is a
general agreement in magnitude. In the energy range cobgrédte measurement, the
proton width is smaller than the neutron width (except chasthe threshold) and thus
uncertainties in the description of the proton width (anat@n transmission coefficient)
will fully impact the resultingSfactor. Figure 2 shows also the prediction resulting from
the use of the JLM potential with the imaginary strength éased by 70%. This mod-
ification was introduced in_[17], leading to an improvemehth® reproduction of the
OGe(py)’tAs as well as’®Ge(p,nJ®As data (further comparison to available experi-
mental data can be found also there).

In the case of thé°Rb(p,nf°Sr reaction we find that the energy dependence of
the theoretical factor — calculated using the modified proton optical pasnt- is
changed a in such a way as to show perfect agreement withiegreal data. This fact
supports the conclusions of previous warki [17].

The®Rb(p,n$°Sr reaction was already studied by Kastleiatal, at several proton
energies betweencl, = 3.1 and 70.6 MeV. Unfortunately, the low energy experirabnt
points has large uncertainty in the center of mass energgafabe seen in Fig. 2.) —
typically between 0.3-0.5 MeV. Consequently, the accuraayt sufficient to provide a
sensitive probe for the statistical model calculations.
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