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Effects on the fusion cross-section are predicted by theoretical models in reaction induced by halo nuclei
below and around the Coulomb barrier [e.g. 1]. Different models disagree about the role played by
the break-up of the loosely bound halo nucleon. The reaction studied experimentally so far are not yet
sufficient to clarify this physics[2-4]. No data for fusion evaporation reactions induced by halo nuclei
on medium mass targets below the barrier are available so far owing to the low beam current, small
cross-section and low evaporation residue (E.R.) energies. Moreover indirect E.R. detection, via on-line
or off-line gamma spectroscopy, would also be very difficult due to the combination of low E.R. yield with
low detector efficiency.

The reaction SHe+%Zn was investigated in order to study the effect of the He structure on the fusion
cross section around the Coulomb barrier. An excitation function for fusion reaction was performed
by using the activation thecnique. The E.R. produced by fusion decay by Electron Capture (E.C.) so
they are detected and identified by measuring the X-ray emitted after E.C. decay using a Si-Li detector.
The clear advantage of the off-line X-ray technique is the 100% intrinsic detection efficiency and the low
background for X-ray detection. We clearly identified five E.R. previously predicted by statistical model
calculations (®®Ge, 66:67:58Ga and ®°Zn) with half-lifes ranging from 1 hour to 300 days. Different iso-
topes of the same element which cannot be distinguished by atomic X-ray spectroscopy can be identified
following the activity curve as a function of time. An activation run using a *He beam was performed in
order to check the absolute normalisation by comparing our results with previously measured excitation
function for *He+%*Zn using radiochemical method [5]. Along with the fusion excitation function, elastic
scattering and transfer reactions were measured. The contribution of the transfer channel has been clearly
identified for the first time in such kind of studies.

[1] C.Signorini et al. Nucl.Phys. A616(1997)262¢

[2] J.J.Kolata et al. Phys.Rev.Lett. 81(1998)4580

[3] M.Trotta et al. Phys.Rev.Lett. 84(2000)5058

[4] C.Signorini et al. Eur.Phys.J. A2(1998)227

[5] F.H.Ruddy and b.d.Pate Nucl.Phys. A127(1969)305



Analysis of the “He(p,p’), >''C(p,p’) and *He(**C,'?C) data at 40 A.MeV

V. Lapoux!, N. Alamanos’, C. Jouanne', F. Auger!, Y. Blumenfeld?, J-M. Casandjian® M. Chartier3,
M. Mac Cormick?, M-D. Cortina-Gil3, A. Drouart!, V. Fékou-Youmbi®, G. Fioni!, A. Gillibert!,

J. Kelley?, E. Khan?, A. Lagoyannis®, F. Marie!, A. Musumarra®, L. Nalpas', A. Pakou®, E. Pollacco!,
S. Ottini', J-L. Sida!, F. Maréchal? N. Orr*, W. Mittig3, P. Roussel-Chomaz3, D. Santonocito?,
J-A. Scarpaci?, T. SuomijarviZ, J. Winfield?

YCEA-SACLAY DSM/DAPNIA/SPhN 91191 Gif-sur- Yvette, FRANCE
2 IPN-Orsay, IN2P3-CNRS, 91406 Orsay Cedex, FRANCE
® GANIL, Bld Henri Becquerel, BP 5027, 14021 Caen Cedex, FRANCE
* LPC-ISMRA, Bld du Maréchal Juin, 14050 Caen Cedex, FRANCE
5 Department of Physics, The University of Toannina, 45110 Ioannina, GREECE
8 INFN-Laboratori Nazionali del Sud, Via S. Sofia 44, 95123 Catania ITALY

We have studied angular distributions of cross sections of elastic scattering of light exotic nuclei on targets
of protons and carbon. Our aim was to know whether the weak binding of exotic nuclei should appre-
ciably enhance the polarization potential, which includes the couplings to the continuum and break-up
effects. We have also wanted to determine whether the models and the effective NN interactions, proved
to be well adapted to the stable nuclei, had to be put into question when going far from the valley of
stability.

Data for SHe, 1%11Be at 40 A.MeV on p and '2C were measured at GANIL where the SISSI (Super-
conducting Intense Source for Secondary Ions) and the SPEG (Energy Loss Spectrometer at GANIL)
devices have performed the production of the secondary beams and the detection of the scattered parti-
cles, respectively. The nucleus-nucleon interaction for the elastic scattering on protons is calculated with
the microscopic, complex and parameter-free JLM potential [1]. A complex surface potential, with a
repulsive real part, is expected to simulate the surface effects generated by the polarization potential [2].
By taking it into account, we have reproduced successfully a large set of data for the elastic scattering of
exotic nuclel on protons at energies from 25 to 100 A.MeV.

In the case of SHe +12C elastic scattering, the energy resolution was good enough to separate the elastic
scattering from inelastic contributions. The real part of the potential of interaction between the exotic
nucleus and '2C was calculated in the framework of the folding model, including new density-dependent
NN interactions, recently obtained by D. Khoa and W. Von Qertzen [3]. With the polarization potential,
the agreement found with the data is satisfactory.

For (p,p’) reactions, the MUST device, a set of Si and Sili telescopes specifically designed to detect
recoiling light charged particles, is used to measure angular distributions for elastic and inelastic scattering
of radioactive beams on proton. (p,p’) scattering data to the first excited state of ®He at 1.8 MeV have
been measured over a wide angular range with a 40.9A.MeV ®He beam produced at Ganil. Inelastic
scattering on proton, to the first excited state, for '9!!C, were also measured at FEj,; ~40 A MeV.
The JLM potential is used to calculate the inelastic cross sections. The calculated inelastic (p,p’) cross
sections are sensitive to M, /M, factor, which is the ratio of the radial moments of the transition densities,
Myn=[ drrl+2p;’:n. The extraction of nuclear structure information in terms of the M, /M, factor from
the angular distributions of cross sections will be explained. We show that the SHe(p,p’) analysis is in
favour with the halo configuration for this nucleus. The analysis of the 1®'C(p,p’) data is consistent
with an extended matter radii of these nuclei, and with the alpha clusterization suggested in [4].
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It is well-known that the order of single-particle orbitals changes as a function of neutron and proton
number. In addition, the presence of deformation fragments the single-particle strengths. It is, therefore,
critical to study single-particle transfer reactions on nuclei away from the valley of stability to probe the
ordering of single-particle energy levels, single-particle spectroscopic factors, and the fragmentation of
these strengths as a probe of deformation.

For nuclei away from the valley of stability such transfer reaction studies can only be performed in inverse
kinematics, with a beam of the radioactive species hitting a hydrogenic target, for example. Such studies
have been successfully performed at the ATLAS facility at Argonne, where a radioactive ®Ni beam im-
pinged on a thin CD; target with the mass/charge of energy-degraded beam-like residues selected by the
Fragment Mass Analyzer and reaction protons from the (d,p) reaction were detected in a large, annular
Si detector array at back angles in the target chamber. [1]

Two experiments have been approved to study transfer reactions in inverse kinematics using beams of
56Ni and 9%94Sr from HRIBF in which the heavy residues would be analyzed with the Recoil Mass Sep-
arator and light residues would be detected with position-sensitive Si detectors in the target chamber of
the RMS. The present talk would discuss the experimental challenges as well as the prospects for transfer
reactions with radioactive ion beams at HRIBF and in the future at RIA.

1. K. E. Rehm et al., Phys. Rev. Lett. 80, 676 (1998).

This work was supported in part by the National Science Foundation.



