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Abstract. We have measured the radiative neutron-capture cross section and the total
neutron-induced cross section of one of the most important isotopes for the s process,
the 2Mg. The measurements have been carried out at the neutron time-of-flight facilities
n_TOF at CERN (Switzerland) and GELINA installed at the EC-JRC-IRMM (Belgium).
The cross sections as a function of neutron energy have been measured up to approxi-
mately 300 keV, covering the energy region of interest to the s process. The data analysis
is ongoing and preliminary results show the potential relevance for the s process.

1 Introduction

The slow neutron capture process (s process) in stars is responsible for the production of about half of
the elemental abundances beyond iron that we observe today [1, 2]. Most of the s-process isotopes
between iron and strontium (60 < A < 90) are produced in massive stars [3] (M > 10-12 Mgyp) where
the ’Ne(a, n)>’Mg reaction is the main neutron source. Beyond strontium, the s-process abundances
are mostly produced in low mass Asymptotic Giant Branch stars [4] (1.2 Mgun < M < 3 Mgun),
where the neutrons are provided by the '3C(a, n)'®0 reaction and by the partial activation of the
22Ne(a ,n)>Mg reaction. In stars with an initial metal content similar to solar, 22Mg is the most
important neutron poison via neutron capture on >Mg in competition with neutron capture on °Fe
that is the basic s-process seed for the production of the heavier isotopes. For this reason, a precise
knowledge of the 2>Mg(n, y)**Mg is required to properly simulate s-process nucleosynthesis in stars.

In addition the 2Mg(n, y)*’Mg reaction cross-section gives important constraints for the yet un-
certain reaction rate of the important neutron source 2*Ne(a ,n)>Mg. The relevant information in
this respect are the spin and parity of the neutron resonances formed in the (n, y) and in the (n, tot)
reaction, which can be deduced from a combined resonance shape analysis of neutron capture and
total cross section data.

Taking advantage of the features of the neutron time-of-flight (TOF) facilities n_TOF [5] at CERN,
and GELINA [6] at IRMM, i.e. the high energy resolution and low background, capture measurements
have been performed in 2003 [7] and - with an improved experimental setup - in 2012 at n_TOF and
a transmission measurement has been carried out at GELINA.
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2 Experimental setup

The TOF technique enables the measurement of energy dependent reaction cross-sections, in particu-
lar both n_TOF and GELINA cover a wide energy range from thermal to the GeV and from thermal
to the MeV neutron energy, respectively. The (n, y) experiments have been carried out at the 185-m
measurement station of the n_TOF facility, while the (n, tot) measurement was performed at a 50-m
measurement station of the GELINA facility.

2.1 n_TOF installation and its measurement instrumentation

The n_TOF facility is a white neutron source, where neutrons are produced by spallation of a 20-
GeV proton beam on a massive lead block. More details can be found in Ref. [5]. In the new setup,
the initially-fast neutrons are moderated by a 5-cm Borated water layer, surrounding the neutron-
producing target.

Capture events (i.e. the prompt y-rays from the de-excitation of compound nucleus) from the mag-
nesium sample were recorded using the total energy method based on C¢Dg detectors and applying
the pulse height weighting technique (PHWT) (see Ref. [7] and references therein). Two deuterated
benzene liquid scintillators were used in the measurement. They consisted of cylindrical cells with an
active volume of about 1000 and 750 cm?, respectively. Their position was perpendicular to the beam,
9.2 cm upstream from the sample center in order to reduce the background due to scattered photons.

The neutron fluence, at the sample position, was determined by combining data from several flux
detectors based on the SLi(n, @)*H, '°B(n, a)’Li, and 2*3U(n, f) standard cross sections as explained
in Ref. [5].

The experimental observable is the capture yield Y, which is in first approximation related to the
radiative capture cross-section o, and the areal density of the sample n by: Y(E) ~ nx o, (E), E being
the neutron energy.

2.2 The GELINA installation and its measurement instrumentation

The GELINA facility is a multi-user facility with 10 measurement stations. Neutrons are produced
by 100-MeV electrons impinging on a Uranium target, via Bremsstrahlung, i.e. by (y,n) and (y.f)
reactions. To produce a white neutron spectrum from thermal energy up to a few MeV, two 4 cm thick
beryllium containers filled with water, placed beneath and above the target, are used as moderators.

In the transmission experiment, the neutron beam passing through the sample was collimated to
reduce its diameter to less than 35 mm at the sample position. The sample was placed in an automatic
sample changer at a distance of 23 m from the neutron source. The neutrons were detected by a
Li-glass scintillator enriched to 95% in °Li and connected through a boron-free quartz window to a
127 mm EMI 9823 KQB photomultiplier (PMT) see Ref. [8] for more details.

The experimental observable is the transmission 7', defined as the ratio between the neutron flux
passing through the sample without interacting and the flux impinging on the sample. This observable
is in first approximation related to the total cross-section oot and the areal density of the sample by:
InT(E) = —n X otot(E).

3 Preliminary results and conclusion

The Mg samples used in both experiments are metal discs, with an enrichment in 2>Mg of 98% (the
natural abundance is 10%). The use of a metal sample avoids the drawbacks of oxide powder (accu-
mulation of moisture and inhomogeneities) and minimizes the background due to the sample holder.
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Table 1. Sample characteristics and their use in the experiments.

mass diameter  thickness area density type of
3.943 +£0.002 g 20mm  ~0.66cm 3.03x1072 at/b Capture
25102+0.002g 36mm ~1.19cm 5.95x1072at/b Transmission

Details of the sample, which was provided by the National Isotope Development Center of the Oak
Ridge National Laboratory - USA, are listed in table 1. In the left panel of Fig. 1, the capture data
collected in 2003 are compared with the recent measurement in 2012. The new and more accurate
capture measurement has the advantage of using a pure sample without contaminants, in addition the
uncertainty on the mass of the sample is very small, therefore the uncertainty on capture cross-section
is expected to be drastically reduced with respect to Ref. [7]. In the right panel of Fig. 1 the transmis-
sion data from this work is compared with the existing data from a previous measurement [9], where
a natural Mg sample was used. In the present measurement the n+23Mg resonances can be identified.
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Figure 1. Left panel: capture data obtained at n_TOF with different Mg samples and experimental setup. The
2012 capture measurement (in red) clearly shows a reduced background. Right panel: Transmission data obtained
at GELINA (in red) compared with a previous measurement, where a natural Mg sample was used.

To conclude, the combined results of these measurements on 2>Mg, are providing the required
accuracy for a substantially improved discussion of the astrophysical implications for the s process.
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