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Radioactive beams of 5B produced by fragmentation of a primary ‘°Ar beam were directed
onto a Pb target to investigate the neutron breakup within the Coulomb field. The experiment
was performed at the LAND/R®B setup. Preliminary results for the Coulomb dissociation cross
sections as well as for the astrophysically interesting inverse reactions, 13‘14B(n,fy), are presented.

I. INTRODUCTION

It is known that the rapid neutron capture process
(r process) produces about half of the elements heavier
than iron. However, the nuclear physics properties of the
involved nuclei are not well known and its astrophysi-
cal site is not yet identified. The neutrino-driven wind
model within core-collapse supernovae is currently one
of the most promising candidate for a successful r pro-
cess [1, 2]. Neutrino winds are thought to dissociate all
previously formed elements into protons, neutrons and
« particles before the seed nuclei for the r process are
produced. Hence, the neutrino-driven wind model could
explain the observational fact that the abundances of r
nuclei in old halo-stars are similar to our solar r-process
abundances [3]. This also indicates that the r process is
a primary process and, thus, independent of the chemical
composition of the progenitor star. Therefore, the in-
vestigation of the nuclear reactions among light elements
forming seed nuclei prior to the r process leads to a better
understanding of this process.

Model calculations within a neutrino-driven wind sce-
nario give a crucial change in the final r-process abun-
dances by extending the nuclear reaction network to-
wards very light neutron-rich nuclei [4]. Subsequent sen-
sitivity studies point out the most important reactions,
which include successive (n,7y) reactions running through
the isotopic chain of the neutron-rich boron isotopes
"'B(n,y)"?B(n,7)"*B(n,y)"B(n,7)""B(e”,v) followed by
a B-decay of 5B to 1°C [5]. Almost all reaction rates used
in these model calculations are only known theoretically.
Since the reaction rates of unstable isotopes are very dif-
ficult to determine experimentally, neutron breakup re-
actions of the isotopes B and '°B, were investigated in
inverse kinematics via Coulomb dissociation.

II. EXPERIMENTAL TECHNIQUES AND

SETUP

The experiment was performed at the LAND/R3B-
setup (Fig. 1) at the GSI, Darmstadt, Germany. To
produce the radioactive beams of 1415B, a primary beam
of 9°Ar was fragmented on a Be-target at about 500 A
MeV and the secondary beam was then directed into the

* Corresponding author: s.altstadt@gsi.de

setup through the GSI fragment separator (FRS). The
secondary beam consists of different species of isotopes.
Thus, each incoming particle has to be identified by deter-
mining the charge of the particle, Z, and the mass-over-
charge-ratio A/Z. The charge is determined by measuring
the energy loss in a position sensitive pin diode (PSP),
while A/Z results from a time-of-flight-measurement be-
tween two scintillator detectors. The incoming beam
identification is shown in Fig. 2.

After this set of detectors, the beam enters the tar-

get area, which is surrounded by a 4m-y-detector consist-
ing of 159 Nal crystals. A thick lead target of 2 g/cm?
was used to measure the electromagnetic breakup. In
addition, measurements without a target for background
determination and with a carbon target to quantify the
breakup reactions caused by nuclear interactions with the
target were performed.
The invariant mass method is used to obtain an energy-
dependent cross section by reconstructing the excitation
energy. Therefore, a measurement in complete kinemat-
ics had to be performed by detecting all reaction prod-
ucts on an event-by-event basis. The Large Area Neutron
Detector (LAND) was used to measure the neutron time-
of-flight and position in an active area of about 2x2 m?2.
The outgoing fragments were detected with a time-of-
flight wall (TFW) in order to measure their velocity and
energy-loss. A large acceptance dipole magnet (ALADIN)
bent the charged fragments according to their mass on
their way towards the TFW separating them from the
neutrons. Two silicon strip detectors behind the target
area and two fiber detectors (consisting of an array of
vertically aligned scintillating fibers which are read out
by position-sensitive PMTs) [6] after the dipole magnet
measured the positions of the outgoing fragments. The
information is used to determine the mass of the frag-
ments (if the charge is already known) based on their
curved trajectory through the magnetic field. The dif-
ferent masses of the boron isotopes are well separated as
illustrated in Fig. 3.

III. PRELIMINARY RESULTS

The principle of detailed balance is applied to obtain
a neutron capture cross-section from the time-reversed
reaction measured via Coulomb dissociation. The popu-
lation of excited states in the exit channel is important,
since the detailed balance theorem is only valid for transi-
tions between the same states. The de-excitation occurs
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FIG. 1. The LAND/R3B setup at the GSI, Darmstadt, Germany.
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FIG. 3. Tracked masses for B (upper panel) and '°B (lower
panel) to separate the different boron isotopes. The different
mass peaks are cleary separated and the influence of nearby
Tncoming masses is very small.
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FIG. 2. Identification of incoming particles. The isotopes of
interest '41°B as well as '*Be, which was used as a test-case, (docp/dE) of 4B, 13B4p and 1B — “4B+n are shown

were produced in the same beam setting.

in Fig. 4. The preliminary integral cross-sections up to
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FIG. 4. Differential Coulomb dissociation cross sections for
1B — B4n (dashed line) and B — *B+n (dotted and
dashed line). Contributions from excited states were excluded.
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FIG. 5. The "*'B(n,y) cross-sections derived from the cor-
responding Coulomb breakup of *B and '°B.

an integration limit of 10 MeV in excitation energy for
the Coulomb breakup of B and '°B are 308 mb and 81
mb, respectively. By taking the virtual photon distribu-
tion into account and applying the principle of detailed
balance the corresponding neutron capture cross-sections
(Fig. 5) are derived from the measured Coulomb disso-
ciation cross-sections. The uncertainties are still under
analysis, but are estimated to be about 10%. The one-
neutron halo nucleus 'Be, which was included in the
same beam setting, was used as a test-case since it has
been already studied in previous experiments [7], [8]. The
analysis of the 'Be — B+n reaction results in a pre-
liminary integral cross-section up to an integration limit
of 5.6 MeV in excitation energy of ocp = 471 mb at
about 490 AMeV in comparison to oop = 477(32) mb
at about 520 AMeV measured by Palit et al. [7]. The
dipole strength B(E1) was determined to be 0.87 e2fm?,
while Palit derived B(E1) = 0.83(6) e*fm? and Fukuda
et al. B(E1) = 1.05(6) e2fm? [8]. The preliminary results
obtained within the presented experiment are in good
agreement with previous experimental studies.

IV. SUMMARY AND OUTLOOK

The Coulomb breakup of *!°B has been successfully
performed at the LAND/R®B-setup at GSI and the
analysis is still in progress. Preliminary results for
the differential Coulomb dissociation cross-sections and
the corresponding neutron capture cross-sections were
derived. In the same manner the analysis of '!Be
was performed as a test-case and the results are in
good agreement with previous experiments. The stellar
reaction rates will be derived from the experimentally
obtained neutron capture cross-sections and model
calculations for the r-process nucleosynthesis will be
performed to study the impact on the final r-process
abundances to these light neutron-rich isotopes.
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