Scattering of 1'Be around the Coulomb barrier
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Abstract.

Preliminary results on thé'Be+29Sn quasielastic scattering as well as #iBe — %Be +
n breakup channel are presented in this work. The angulaitdisbns of these channels were
measured at REX-ISOLDE-CERN. The accuracy and angulaerafiipe presented results provide
stronger constrains to the theoretical interpretatiom teeisting published results. We compare
these new data with coupled-channel (CC) and continuueratiged coupled-channel (CDCC)
calculations. The role played by transfer and breakup oblarim the elastic scattering is discussed.
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INTRODUCTION

ThellBe is a halo nucleus composed of’%Be core and a weakly bound neutron. This
nuclide has a half life of 13.8 s and a separation energy ferrmutron of 504(6) keV.
The only bound excited statd’{= 1/27) lies at 320 keV with a strong coupling to
the ground stateJ(" = 1/2%) by the fastest knowik1 transitions. Due to its loosely
bound structure, coupling to the continuum should play goirtant role in near barrier
scattering with heavy targets. Therefore thBe nucleus is an interesting case to study
the dynamics of nuclear haloes at Coulomb barrier ener@ie? [

Another important issue is the role played by the highly defed 1°Be core on
the scattering cross sections [3]. Accurate datd'@e scattering are needed to study
these effects. Presently the only results published ane tmoe experiment performed in
RIKEN [4, 5]. Unfortunately, the angular distributions pested in the mentioned anal-
ysis suffer of large experimental uncertainties, and elastd other reaction channels
could not be studied separately.

Aiming to improve the experimental situation we have relyeperformed measure-
ments of'1Be scattered of*%Sn at 32 MeV (lab). The experiment was performed at the
REX-ISOLDE facility at CERN (Geneva), using a detectionteysthat covered a wide
angular range.
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FIGURE 1. Schematic representation of the experimental setup. Diogara and upstream detectors
are placed symmetrically with respect to the beam direcfldre target was tilted 22in order to cover
angles around 90with the lateral telescopes.
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EXPERIMENT

The experiment 1S444 was performed using a post-accetetBe beam at the energy
of 2.91 MeV/u and &2%Sn target, in order to study the scattering around the Caoilom
barrier. The experimental setup consisted of an hexagondiuration with 6 telescope
detectors in EAE configuration, surrounding the target. Each telescopaweate up of
two silicon detectors: a thilAg) Double-Sided Silicon Strip Detector (DSSSD) with a
thickness of 4Qum and divided in 16 strips in each side; and a PAD silicon detg€&)
with a thickness of 50@m. If we impose coincidences between strips in the front and
back side (mutually perpendicular) of a DSSSD, we get whatallea “pixel” (16x16

in total). A schematic representation of the experimergtls is shown in Fig. 1. The
target was tilted 68with respect to the beam axis in order to allow the detecticime
telescopes placed around®90

Due to the low intensity of the beam we used a thick (3.5 m@)din target. This
fact limited the energy resolution of our detection systeratiout 350 keV, spoiling the
possibility of resolving the excitation df!Be to the 1/2 first excited state (inelastic
channel). However the resolution was good enough to idettBe fragments resulting
from breakup!!Be — 19Be + n for the angular range (2538°). Therefore, we could
separate the quasielastic channel (elastictinelastich fthe breakup channel in the
mentioned range, by means of the analysis made pixel-st-pgising pixels instead
of full strips, it was possible to separate the breakup efrent quasielastic ones, as the
angular spread and kinematical effects are reduced. Tfexehice between a full strip
and one pixel is shown in th&E-E spectra of the Fig. 2 a5, ~ 34°.

For the G4 range (52-86°) it was not possible to separate the breakup from the
guasielastic channel, because only part of the events lagybrenergy to go through
theAE detector. In this case, we integrated the sum of quasietasd breakup channels.
The accumulated statistics registered in telescop8gitarger than 99 was too small
to produce cross section data.

The measured angular distribution was normalized to Ridlaecross sections using
the elastic scattering data of4C beam impinging in the samé%Sn target at 27 MeV.
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FIGURE 2. Differences between full strip and pixélE-E; spectra around 34lab). The spectrum on
the left shows the elastic+inelastic+breakup scatterargaffull strip, the separation between channels
seems not to be possible. On the right panel, one pixel frahdtrip is shown. In this case, we can
observe the separation between quasielastic (solid po)yayad breakup (dashed polygon) channels.
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FIGURE 3. Comparison of experimental results and calculations. (g@s@lastic scatterings. 6cm,
(dots) and CC calculations (dotted and solid lines). (b)silastic+breakup channes. 6., (dots) and
a CDCC calculation (solid line). See text for details.

Be + '2°Sn 32 MeV

RESULTS

The angular distribution obtained for quasielastic chamshown in the Fig. 3a. The
overall shape is similar to the angular distributions meagyreviously in the elastic
scattering of the weakly bourftHe on2%pPpb [6, 7]. However, the deviation from the
Rutherford cross section at forward angles is much morequioced in the case étBe
scattering. In order to reproduce the data shape we pertbtweCC calculations. The
first (dotted line) includes the first excited state and tvsorent states (1.78 MeV and
3.41 MeV). The strong absorption at very forward angles iswell reproduced. The
second calculation includes, as proposed in [8, 9] two ictg dipole statespfstates)
located at excitation energy of 0.55 MeV, just above the kupahreshold, with spins
1/2= and 3/Z. These states are intended to represent the low-lying @igtoéngth for
the'Be continuum. With these parameters the agreement betvaémriation and data
results is acceptable. Further details of this calculatcan be consulted in [10].
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FIGURE 4. Breakup probability, defined as the ratio between the bneaad quasielastic events.
Comparison between experimental results and CDCC caionlat

In Fig 3b we show preliminary results obtained for the quastgc+breakup channel
(dots). We include a CDCC calculation (solid line) genettatéth the potentials for the
different channels taken from [11, 12, 13]. These new resslibw a good agreement
with the calculation and even with the data presented int[8paVieV.

Fig. 4 shows the ratio between the breakup and the quastetasnts, shown in
Fig. 3a. The solid line is the prediction of the CDCC calaalatshown in Fig. 3b. In
this case, the calculation underestimates the data. Tégsegiancy could be due to the
contribution of higher partial waves of théBe continuum, or the contribution of other
channels not included in this calculation, such as the @ngran transfer to the target.
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