CHAL

UNIVERSITY OF TECHNOLOGY

Coulomb breakup of 17Ne from the viewpoint of nuclear astrophysics

Downloaded from: https://research.chalmers.se, 2026-04-04 06:49 UTC

Citation for the original published paper (version of record):

Marganiec, J., Aksouh, F., Aksyutina, Y. et al (2012). Coulomb breakup of 17Ne from the viewpoint
of nuclear astrophysics. Proceedings of Science

N.B. When citing this work, cite the original published paper.

research.chalmers.se offers the possibility of retrieving research publications produced at Chalmers University of Technology. It
covers all kind of research output: articles, dissertations, conference papers, reports etc. since 2004. research.chalmers.se is
administrated and maintained by Chalmers Library

(article starts on next page)



PROCEEDINGS

OF SCIENCE

Coulomb breakup of ’Ne from the viewpoint of
nuclear astrophysics

J. Marganiec *17, F. Aksouh 33, Y. Aksyutina 2, H. Alvarez Pol ¢, T. Aumann 23,

S. Beceiro 6, C. Bertulani 7, K. Boretzky 2, M. J. Borge 8, M. Chartier °, A. Chatillon 3,
L. Chulkov 3, D. Cortina-Gil , I. Egorova 1°, H. Emling 3, O. Ershova 3#, C. Forssén 1,
L. M. Fraile 1213 H. Fynbo 14, D. Galaviz 8, H. Geissel 3, L. Grigorenko %, M. Heil3,

D. H.H. Hoffmann 2, J. Hoffmann 3, H. Johansson %, B. Jonson 11, C. Karagiannis 2,
O. Kiselev 3, J. V. Kratz 6, R. Kulessa '/, N. Kurz 3, C. Langer 34, M. Lantz %18,

K. Larsson 3, T. Le Bleis 319 R. Lemmon 2, A. Lindahl 11, Yu. A. Litvinov 3,

K. Mahata 329, C. Mintz 4, T. Nilsson 1%, C. Nociforo 3, G. Nyman %, W. Ott3,

V. Panin?3,Yu. Parfenova '°, S. Paschalis 2°, A. Perea®, R. Plag®*, R. Reifarth 34,
A. Richter 2, C. Rodriguez Tajes 22, D. Rossi 36, G. Schrieder 2, N. Shulgina 121,
H. Simon 3, J. Stroth 4, K. Stiimmerer 2, J. Taylor °, O. Tengblad &, E. Tengborn 11,

F. Wamers 23, H. Weick 3, C. Wimmer 34, M. Zhukov 1!

1IEMMI-GSI Darmstadt, Germany¥TU Darmstadt, Germany?GS| Darmstadt, Germany;TU
Darmstadt, Germany‘Goethe-Universitét, Frankfurt am Main, GermamZEA Bruyere,
France;®Santiago de Compostela University, Spdifiexas A&M University-Commerce, USA;
8EM Madrid, Spain;?University of Liverpool, UK°CEA/DAM/DIF Bruyere, France;
Hchalmers I.T., Swedeh?Universidad Complutense de Madrid, SpaifCERN, Geneva,
Switzerland:}*Aarhus University, Denmark2JINR Dubna, RussiafUniversity of Mainz,
Germany;1"Jagiellonian University, Krakow, Poland®Uppsala University, Uppsala, Sweden;
19TU Miinchen, Germany°BARC Mumbai, India?*Kurchatov Institute, Moscow, Russia;
22GANIL, CEA/DSM-CNRS/IN2P3, Franc&King Saud University, Kingdom of Saudi Arabia

By the Coulomb breakup df'Ne, the time-reversed reactiéPO(2p, y)1’Ne has been studied.
This reaction might play an important role in the process, as a break-out reaction of the hot
CNO cycle. The secondatyNe ion beam with an energy of 500 MeV/nucleon has been dissoci
ated in a Pb target. The reaction products have been detsittethe LAND-R®B experimental
setup at GSI. The preliminary differential and integral ©oob dissociation cross sectiag oy

has been determined, which then will be converted into agshbsorption cross sectianoto,

and a two-proton radiative capture cross sectiedp. Additionally, information about the struc-
ture of the!’Ne, a potential two-proton halo nucleus, will be receivede &nalysis is in progress.
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1. Introduction

Nuclear reaction processes are driving the stellar evolution and trigglerstellar explosion.
Slow nuclear processes determine the lifetime of hydrogen burning maiarsegjstars and set the
time scales for the subsequent stellar helium and carbon burning pExgéssive nucleosynthesis
can be induced by a shock front in type Il supernova explosions acbsetion processes in stellar
binary systems such as X-ray bursts, where the accretion of the lighpesotcurs on the hot
and dense environment characteristic of the surface of a neutromk&amcrease in temperature
and density opens new reaction branches, possibly triggering newsabfaieaction sequences.
These critical trigger reactions need to be analyzed in order to undetkinimpact on explosive
nucleosynthesis scenarios [1].

The hot CNO cycles and thwp process have been proposed as the dominant nucleosynthesis
processes in X-ray bursts, where the CNO cyclesramatocess are linked by the capture reaction
sequence®O(a, y)*°Ne(p, y)?°°Na. However, a reaction flow between the CNO cycles and the
FeNi-mass region is hampered by the waiting point nuclei. One of these waitints ps 1°0
(Ty2 = 122s). The nucleus®F formed by proton capture of this isotope is particle unbound.
Due to this, the processing 61O to heavier nuclei has to wait for i3™ decay. In X-ray bursts
environment thex-capture reaction servers as a bypass of this waiting point, angbtheocess
turns into theap process [2].

The present experiment tries to find an answer on the question abdtéraatve two-proton-
capture reaction for bridging this waiting point isotope. The three-bodiatige capture can pro-
ceed sequentially [2] or directly from the three-body continuum [3]ak heen suggested that the
reaction rate can be enhanced by a few orders of magnitude by takingdeebibdy continuum
into account [3]. Thé®O(2p, y)'’Ne reaction cross section is needed to verify these predictions.

The Coulomb breakup of’Ne gives us also an opportunity to study the nuclear structure
of this isotope. As a proton-dripline nucleus with a comparatively smals@oaration energy
(Sp =950 keV), it is a promising candidate for being a two-proton halo nucleus [4

2. Coulomb dissociation method

The Coulomb dissociation method is mainly used in the context of investigating theanu
structure of exotic nuclei, but it is also an important tool to obtain informatioretavant reactions
for nuclear astrophysical scenarios using the inverse proces®ftgn, these reactions cannot be
studied in a direct way because of short-lives of involved nuclei, tinglgpction cross sections,
and several particles in the entrance channel. In the time-reverseesprabhe Coulomb field of
a heavy nucleus is used as a source of virtual photons. From theediitdrcross-section for
electromagnetic dissociation in a heavy target, the photo-absorpion @c$snNSIpneto Can be
obtained, using the virtual-photon theory. And next it can be convertedtie radiative-capture
Ccross sectioweap by the principle of detailed balance [6]:

oo (2atD2 K
cap — (21b+ 1) (ZJC+ 1) k2 photo

2.1)
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3. Experimental setup

The measurement was performed using the LANiB Rletection setup at GSI (Fig. 1). In
the experiment, the radioactive beam‘@fle (E = 500 MeV/nucleon), produced by nuclear frag-
mentation of°Ne in Be target was used. The fragmentation products were kinematicadtgrir
focused, and separated by the fragment separator FRS, and sefibedransported to the ex-
perimental area. The incomirgNe beam was identified on an event-by-event basis using energy-
loss and position measurements with position-sensitive pin diodes and timghdffeasurements
(Fig. 2a).
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Figure 1: Schematic view of the experimental setup.

After Coulomb dissociation in a Pb target, the reaction products were idenfifiredmagnetic
rigidity was determined from four position measurements defining the trajeciirine reaction
products t°0 and two protons) in the magnetic field of a large-gap dipole magnet (ALADIN)
placed behind the target. Two Si-strip detectors located before the ALADdnet and two
scintillating-fiber detectors in case of heavy fragments, and two drift chesrib case of protons,
placed after the magnet were used to achieve this. Additional energyridgsreae-of-flight mea-
surements with two ToF walls allowed the identification of the outgoing fragmeigsZB). To
obtain masses and momenta of the reaction products, a tracking procetundlized.

The target was surround by atgamma spectrometer to detgetays emitted by the deex-
citing fragment. Thanks to this setup, the measurement was kinematically complleéesense
that all reaction products andrays were detected. And the excitation energy prior to decay was
reconstructed by using the invariant-mass method. The measurementsewersmpd with differ-
ent targets: a Pb target for the Coulomb dissociation reaction, a C targgtirtaee the nuclear
contribution, and without any target to evaluate the background.
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Figure 2: (a) - The identification of incoming beam nuclei; (b) - theritication of outgoing heavy fragments.

4. Required corrections

For a proper calculation of the Coulomb dissociation cross section, areedfjccorrection
and a geometric acceptance are required. The two-proton efficienayotin-branch detectors
was estimated, and the value obtained i$4511.4%. To determine the geometric acceptance of
the setup as a function of the excitation energy, a simulatidR3BRoot framework was made.
The geometric acceptance curve is presented in Fig. 3, showing a featibehup to 3 MeV and
going down with the excititation energy due to the increasing proton loss in tAOML magnet
gap in the y-dimension.
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Figure 3: Geometric acceptance curve obtained by a simulation.

The outgoing'®0 does not go only to the ground state, but also to excitated states (Fig. 4 left
panel). They-rays emitted by the deexcitif§O were registered by ther@gamma spectrometer,
and the resulting spectrum is shown in Fig. 4 right panel, where the excitatistates above 5
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MeV and 6 MeV can be observed. However only 5% of measuremed ex@anéspond to excitated
states, and their influence on the excitation energy shape is negligible.
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Figure 4: Left panel - the level scheme &fO; right panel - gamma energy sum spectrum.

5. Preliminary results

The Coulomb dissociation cross section is given by the formula:

Mpp, > ( Mc ) < Mpyp Mc >
A o (g Me " , 5.1
Coul pr (deNAV pC dC NAV pempty deNAV dCNAV ( )

wherepis the interaction probability for the targdt, - the molar mass of target material [g/mal],
- the target thickness [g/cth Nay - Avogadro’s number [mol] and a is a scaling factor between
Pb and C targetsa(= 1.845).

Using this formula, the preliminary differential (Fig. 5) and integral cra=sgien values have
been calculated.

The preliminary integral cross section has been estimated in two ways. Forghy;>0O data
were utilized @cou, = 304+ 34 mb -statistical uncertainty). Secondly, the differential cross sec-
tion spectrum was integratedd,y, = 312+ 31 mb -statistical uncertainty). The small difference
(A = 2.6%) between these two values indicates the correctness of the efficrahttyeeacceptance
adjustments.

Moreover the shape of the preliminary differential cross-section disiitbus in agreement
with experimental results from [7] and with the theoretical predictions fr@mThe analysis is in
progress.

6. Summary

The secondary’Ne beam has been produced by fragmentatiof!idé. The incoming beam
and outgoing reaction products have been identified and tracked. Gihieee efficiency and ac-
ceptance corrections have been estimated. And the preliminary differaatiakll as integral
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Figure 5: Differential Coulomb dissociation cross section.

Coulomb dissociation cross sections have been obtained. The next &tiepsnalysis will be the
calculation of the photo-absorption and the radiative capf®€2p, y)*'Ne cross sections, which
are not only relevant for thep process but are also of interest with regard to the two-proton halo
structure of-’Ne. The corresponding analysis is ongoing.
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