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Abstract: The elastic scattering of 6He, W-^Be secondary beams on a (CH2b target has been
measured. A microscopic optical potential was used to reproduce the proton-nucleus elastic
scattering data.

1 Introduction
The nucleon-nucleus and nucleus-nucleus elastic scattering has gained a new interest

with die availability of unstable nuclear beams[l-6J, especially in the case of halo nuclei where

this type of study is expected to provide information on the nuclear densities of dripline nuclei

and on the components of interactions which depend on the isospin.

We have started an experimental programme at GANIL for the study of elastic scattering

induced by light unstable nuclei. These experiments benefit from the high resolution magnetic

spectrometer SPEG and from the high quality secondary beams that are provided by the double

superconducting solenoid SISSI.

2 Experimental procedure
The secondary beams were produced by fragmentation of a 75 MeV/nucleon primary 13C

beam, delivered by the GANIL accelerator, on a 1155 mg/cm2 carbon production target,

located between the two superconducting solenoids of the SISSI device 17,81. The position of

SISSI at the exit of the second cyclotron and at the entrance of the beam analysing a -



spectrometer allows for an improved collection of the produced secondary beams and for a

better transmission to the different experimental areas. The total momentum acceptance of the

system SISSI+a-speclrometer was of die order of 0.6% and the angular acceptance was about

100 mr in the horizontal and vertical planes. This results in roughly one order of magnitude

increase in beam intensity with respect to an ion-optical system without the SISSI device.

In this work, the magnetic rigidity of the alpha spectrometer was set at 2.82 T.m. At this

rigidity, the total intensity of the secondary beams was of the order of 107 pps in the acceptance

of the system for a primary intensity of 2xl0'2 pps. The intensity for the neutron-rich nuclei
6He and ' 'Be was of the order of a few percent of the total intensity, whereas the intensity for

the nuclei closer to the stability valley such as 7Li and 10Be was around 1/5 of the total

intensity.

The elastic scattering was studied using the energy loss spectrometer SPEG 191. The

reaction target was a 10()(im thick polypropylene foil, (CH2)3. All the scattered particles were

unambiguously identified in the focal plane of the spectrometer with an ionisalion chamber and

a plastic scinlillator. The momentum and scattering angle were measured with two position

sensitive drift chambers [10] placed 70 cm apart and located near the focal plane of the

spectrometer. The elastic scattering of the secondary beams was measured on JH and 12C in the

range 6iab=0-7o-6.0°. The energy resolution which could be achieved in this experiment with

secondary beams was of the order of 10'3 whereas the angular resolution was of the order of

0.3°.

3 Proton-nucleus elastic scattering
The experimental angular distributions for the elastic scattering of the 6He, 7Li, 10Be

and n B e on the protons contained in the polypropylene target are presented in Fig. (1). We

have analysed these data by using the nucleon-nucleus optical model potential calculated by

Jeukenne et al. (JLM) [11]. The JLM central potential has been extensively studied by

S.Mellema et al. [12] and J.S. Petler et al. [13]. It has been particularly successful in

describing elastic neutron and proton scattering from stable nuclei, provided the imaginary

potential is adjusted downward by a normalisation factor of the order of A.w = 0.8.

The solid curves on Fig. (1) present the results obtained with the JLM potential with the

"standard" normalisation factors for the real part (Xv= 1.0) the imaginary part (Kw = 0.8). The

density distributions have been calculated within a Hartree Fock model with shell model

occupation probabilities[14]. The agreement obtained in the case of the stable 7Li secondary

beam is excellent with the standard normalisation factors. However the calculated angular

distribution overpredict the data for the neutron-rich nuclei. For these nuclei, the normalisation



factors Xv or Xw were allowed to vary in order to obtain a best fit of the data, based on x2

minimisation (dashed and dolled lines on Fig. (1)). The optimum values are plotted on Fig.(2)

for the four beams used in the present data, and also for the 9Li and ' 'Li data of Ref. [4], and

the 8He data of Ref. [1]
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Fig. (1): Elastic scattering angular distributions measured for 6Hc, 7Li, 1 0 1 'Be on proton

The normalisation factors obtained in the case of 7Li and 9Li are the same as those found

in previous studies with stable nuclei, whereas all other cases require a decrease of the real

poteniial and an increase of the imaginary potential. This is exactly what can be expected from a

dynamic polarisation potential representation of the break-up effects [15].

4 Conclusions
We have shown that the combined use of SISSI and SPEG offers new opportunities for

measuring elastic scattering cross sections of neutron-rich nuclei to high accuracy.



The elastic scattering of the secondary beams on the proton target studied in the present

work has been analysed with the JLM microscopic optical model potential. In order to

reproduce the data for the neutron rich nuclei, the real or imaginary potential have to be

renormalised, in order to take into account the break-up processes which become important for

these loosely bound nuclei.
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Fig. 2: Normalisation factors applied
to the real (Xv) and imaginary part
(Xw) of the JLM potential to best fit
the data
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