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underrp-process conditions.
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1. Astrophysical motivation

A new era in the astronomy and astrophysics was initiateld thi first observation of Gamma-ray
bursts of cosmic origin [1]. This lead to searches of similbjects in the universe and the ex-
planation of their origin. Today the number of objects olsedrwith X-ray observatories such as
RXTE, Chandra and XMM-Newton has increased tremendoudhg ifproved precision allows
for distinction between the origin and the nature of theeddht X-ray and Gamma-ray sources.

Type | X-ray burstsare classified within X-ray sources as thermonuclear eigigson the sur-
face of a neutron star in a companion system with a main sequstiar. The accreted material,
mainly hydrogen and helium, is accumulated in a disc and dwuhym top of the neutron star; it
remains here until the temperature and density are highgentouignite the material and originate
the explosion. The resulting X-ray burst lasts 10 — 100 s ambivered by thermonuclear reac-
tions. Temperatures of up to 2 GK and densipies 10° g/cn? can be reached during the so-called
rp-process [2, 3]. Under these conditions, a series of mam)g)( (p,y) reactions ang8*-decays
control the production of neutron—deficient nuclei up to ti@ss regiorA ~ 100, where thep-
process is predicted to end [4].

The reaction path and the final abundances irrphgrocess are determined by the nuclear proper-
ties of the neutron—deficient nuclei involved in the procddssses are an important component,
as they determine theaiting-pointsof the process (nuclei with particulary slg®v decays for the
rp-process to proceed), as well A$-decay half lives. A precise knowledge of the level density
above the patrticle threshold is important to derive pat@pture reaction rates, and thus enable
a correct description of the process path under astropddysimditions. Level densities just ex-
ceeding the proton threshold fip-process nuclei close to the proton drip line are not highugho

to calculate reaction rates using statistical models. A&ipeeknowledge of the level structure for
these nuclei over the proton threshold is neccesary to lesédctesonant () reaction rates. The
resonant proton capture rate at temperaiurg given by:

<oV > =< w >3/2 o 2x+1  TpERIMY(E) <_%>
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(1.1)

with k as the Boltzman constant,the reduced mass, afitk the energy of the level. The reaction
rate is dependent on angular momenia {p, Jr) and widths [y, I'p, INota) Of the initial (),
proton (p), and final statesf(), and furthermore shows an exponential behaviour to thenesege
energyEr. In addition, ", also depends exponentially &x. Precise knowledge, therefore, of
both excitation energy of the level and the masses of theenimslolved is necessary to reduce the
uncertainty in the determination of the reaction rate.

2. Experimental method

Scarcity of experimental information on proton-capturactens along thep-process path, with
the exception ofNa(py)?Mg [5] and 13N(p,y)**O [6], and the limited understanding of the
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level structure above the proton threshold of exotic praton nuclei, forces the use of theoretical
models to predict nuclear properties of these nuclei. Shelllel calculations with developed
effective interactions for nuclei in the sd-shell can bedusdormally uncertainties of about 100
keV in the prediction of excited level energies might trateslinto several orders of magnitude in
the determination of the resonantypreaction rate, as shown in Fig. 1 for tf@(py)3°S reaction.
Two levels located above the proton separation energ{S) = 4400 keV) were predicted at 4733
and 4888 keV using the shell model calculations [7].
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Figure 1: The 2°P(py)3°S reaction rate (left) at astrophysically relevant tempees and the present
knowledge or’®S [8]. The dashed area presents the uncertainty in the detstion of the reaction rate
when considering an accuracy of 100 keV in the predictiomeftivo levels above the particle threshold in
305 [7].

The level structure of°S was studied at the NSCL to improve the accuracy in the détation

of the reaction rate under astrophysical conditions. Theemental setup is described in [9]. A
stable®°Ar beam (150 MeV/nucleon) was fragmented on a 1061 mgRBe target, producing a
31S beam (71 MeV/nucleon), which was selected in the A1900nieay separator [10]. Th&S
was transported to the target position of the S800 magnegictograph [11] and interacted with a
180 mg/cm polypropylene target, producinyS in a neutron removal process (neutron-knockout
on 12C, (p,d) reaction ortH). The 39S nuclei were identified in the focal plane of the S800. The
emittedy-rays were measured using 17 detectors of the Segmenteda@iermArray (SeGA) [12].

3. Preliminary results

The Doppler-correcteg-ray measured in coincidence with the identiff8& nuclei are shown in
Figure 2. The decay from the first and second excited stat€Siis clearly observed in the spec-
trum; further analysis of all othegr-rays is ongoing.
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Figure 2:  Preliminary Doppler-correcteg-ray spectrum from the decay of excited state$98. The
transition from the first and second excited state¥8can be clearly observed.

This investigation may provide the necessary informatmuétermine the level structure &S
above the proton threshold with higher precision, and theseeduce the uncertainty in the deter-
mination of the?®P(py)3°S reaction rate undep-process conditions.
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