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The preparation of radioactiv@Be, 3’Ar and *°Ar samples is discussed. Investigation of the
19Be(nn,y) 'Be, 3Ar(nm,a)**S, S7Ar(nm,p)®’Cl and *°Ar(nm,a)%°S reactions is reported, and
resonances in th&Ar(n,a)**S reaction have been observed and analysed.

1 Introduction

Radioactive beams are used for a large variety of nuclear reaction studies, but a
direct interaction with a neutron beam has not been realised so far. In the present
paper we discuss a two-step method, in which rare radioactive nuclides are
produced, ionised, accelerated and implanted in a foil, which then is bombarded
with neutrons.

This method was applied recently at the cyclotron of the UCL (Louvain-la-
Neuve, Belgium), wheré’Ar (half-life 35.04 days) was produced, and at CERN-
ISOLDE (Geneva, Switzerland), whet®e (half-life 1.6 million years) andAr
(half-life 269 years) samples were made. These samples were then irradiated with
thermal neutrons at the high flux reactor of the ILL (Grenoble, France); some of the
$’Ar samples were also used for measurements with resonance neutrons at the
GELINA neutron facility in Geel (Belgium).
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2 Sample preparation and characterisation

The*’Ar samples were produced via th€I(p,n)*’Ar reaction using a 30 MeV
proton beam of the CYCLONE 30 cyclotron of the UCL. Up to 7X1&Ar ions
could be implanted in thin aluminium foils. The number of atoms was determined by
measuring the 2.62 keV KX-rays emitted during the EC-decay/Af. A detailed
description of the procedure can be found in [1].
1%Be and*°Ar on the other hand were produced via spallation reactions on graphite
and titaniumoxide respectively, induced by 1 GeV protons of CERN's PS booster.
Then the reaction products were ionised and mass-analysed at ISOLDE and
implanted in a Ge and Al strip, respectively. In this way e sample containing
10" atoms and &°Ar sample containing 3xT0 atoms were obtained. The number
of atoms was determined by counting the 0.6 Mg¥articles emitted in the decay
of both*°Be and®Ar.
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(6 x102t s)
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10Be (1.51 x 10°y)
Figure 1. Schematic representation of tH8e(n,.y)*'Be(®)*'B*(a)’Li process.

3 Measurements and results

All measurements with thermal neutrons were performed at the ILL's curved neutron
guide H22D, where a vacuum chamber with suited surface-barrier detectors was
installed. A very clean thermal neutron beam with 3.5xb@utrons/crhs was
hitting the sample. Measurements with resonance neutrons were only performed for
%’Ar. These experiments were carried out at a 8m long flight-path of the GELINA
neutron facility. The charged particles were detected using a Frisch-gridded
ionisation chamber with a methane gas-flow.
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3.1 Be

The Be sample was used to determine the cross section of’Be(n,y)"'Be
reaction leading to the halo nucleti8e. Due to the small number of atoms, this
was done in an indirect way, i.e. via the detection of the 0.77 Meparticles
emitted in the'®Be(n,,y)'Be(®)*'B*(a)’Li processes (Figure 1). We know indeed
that thea-decay from the short-living 9.876 MeV level B to the’Li ground state

has a branching ratio of 2.7 % [2], so tH8e(n,y)''Be cross section can
immediately be deduced from this "quasio(}i, experiment. The measurement was
hampered by the presence of a small amourt®fin the Ge strip, thé’B(ny,,a)’Li
reaction having a very large cross section (3840 b). So a disturhingeak
appeared at 0.83 MeV, its tail hampering a clean detection of the 0.77dNde¥As

a result, we could only determine an upper-limit of 5 b for tfe(n,,y)*'Be cross
section. This measurement however demonstrated the feasibility of the method,
significant improvements being possible: {#Be atoms could be implanted in ultra-
pure Al, solving the'®B problem; (2) a more intense neutron beam could be used
and (3) the detection efficiency could be increased.
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Figure 2. The*’Ar(n,a)*'S cross section from 0.01 eV to 10 keV.

3.2 %Ar

The *Ar(n,p)*’Cl and *’Ar(n,0)%'S reactions were investigated with thermal and
with resonance neutron¥’Ar being one of the few nuclides with positive reaction
energies for both (n,p) and (x), reactions. Moreover, the capture of a neutron leads
to the semi-double-magic nucletfér, for which no resonance data exist.

The measurements with thermal neutrons resulted in the following cross sections:
3Ar(nm,00)*'S (1070 = 80)b; *'Ar(ng,a.)**S (0.31% 0.10)b; *Ar(ngp)*Cl

(37 x 4)b [3]. These values are two times smaller than those of Asghar et al. [4].
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Experiments performed at GELINA covered the neutron energy region from 0.01
eV up to 100 keV. Thé’Ar(n,a)*'S cross section was shown to have a 1/v-shape
(figure 2 left), and in the keV region several resonances were observed (figure 2
right) and analysed.

3.3 *ar

For the**Ar(ny,a)S reaction cross section, a theoretical estimate of 3.5 b can be
deduced from the data of Woosley al. [6]. In the present work, a much lower
upper-limit of 260 mb is obtained.

4  Discussion

The present study of th&Ar(n,a)*s, 3’Ar(n,p)*'Cl and**Ar(n,a)**S reactions yields
valuable information for nuclear spectroscopy (e.g. width and spin of nuclear
levels), but these reactions play also an important role in the nucleosynthesis
network in the sulfur region. Due to the absence of experimental data, theoretical
values were used so far in the network calculations. We transformea(@&yy
values in reaction rates [5]. Strong discrepancies with the theoretical values [6,7,8]
were observed. Replacing these theoretical values by our experimental data
significantly modifies the branchings #Ar and*°Ar. In the case of carbon burning
e.g, 87.3 % of the reaction flow afAr passes now via the @) channel compared

to 45.5 % with the theoretical values. This results in a modification of the
nucleosynthesis flow, influencing the s-process abundanceg oS and*Ar.
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