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E�ects 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]. Di�erent 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
su�cient 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 o�-line gamma spectroscopy, would also be very di�cult due to the combination of low E.R. yield with
low detector e�ciency.
The reaction 6He+64Zn was investigated in order to study the e�ect of the 6He 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 identi�ed by measuring the X-ray emitted after E.C. decay using a Si-Li detector.
The clear advantage of the o�-line X-ray technique is the 100% intrinsic detection e�ciency and the low
background for X-ray detection. We clearly identi�ed �ve E.R. previously predicted by statistical model
calculations (68Ge, 66;67;68Ga and 65Zn) with half-lifes ranging from 1 hour to 300 days. Di�erent iso-
topes of the same element which cannot be distinguished by atomic X-ray spectroscopy can be identi�ed
following the activity curve as a function of time. An activation run using a 4He beam was performed in
order to check the absolute normalisation by comparing our results with previously measured excitation
function for 4He+64Zn 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
identi�ed for the �rst time in such kind of studies.
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Angular momentum transfer in fragmentation reaction

J. M. Daugas1, R. Grzywacz2, M. Lewitowicz3, G. Neyens1, J. C. Ang�elique4, D. Balabanski5,
C. Borcea6, F. de Oliveira-Santos2, W. D. Schmidt-Ott7, LMR group1 and LISE group3

1IKS, University of Leuven, Celestijnenlaan 200D, 3001 Heverlee, Belgium
2Department of Physics, University of Tennessee, Knoxville, TN 37996, USA

3GANIL, Bd H. Becquerel, BP 55027, 14076 Caen cedex 5, France
4LPC Caen, 14021 Caen cedex, France

5St. Kliment Ohridski University of So�a, 1164 So�a, Bulgaria
6IFIN, P.O.Box MG6, 76900 Bucharest-Magurele, Rumania

7II. Physikalisches Institut der Universit~at, 37073 G~ottingen, Germany

Spin oriented ensemble and angular momentum transferred to a nucleus produced by fragmentation re-
action process at intermediate energies are good tools to investigate such a process. Spin-aligned and
spin-polarised nuclei coming from fragmentation reactions have been studied by several group [1-3]. At
relativistic energies, it has been observed that the spin-alignment is related to the linear momentum
distribution of outgoing fragments [4]. It was then deduced that the angular momentum transfer, spin-
alignment and spin-polarisation are directly linked to the reaction mechanism involved.

Experiments performed recently using the LISE3 spectrometer fromGANIL facility have investigated the
fragmentation reaction mechanism at intermediate energies. The study of the angular momentumtransfer
occurred during this process have been performed by looking at the population of well known short-lived
isomeric states close as well as far from the projectile. The spin-alignment and spin-polarisation of out-
going fragments have been also studied by using the �-LMR and �-NMR experimental techniques [5].
For the �rst time, a spin-polarised secondary beam have been produced at GANIL.

Experimental results have been quantitatively reproduced in the framework of kinematical [6] and sta-
tistical [7] models of nuclear reactions. The predictive power of models shows the possibility to produce
isomeric useful for the study of reaction mechanism involved by isomeric beam, spin-aligned and spin-
polarised secondary beams by fragmentation reaction useful for nuclear moment measurements.
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[5] N. Coulier et al., Phys. Rev. C59, 1935 (1999) and reference therein.
[6] H. Okuno et al., Phys. Lett. B335, 29 (1994).
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Low Energy Fission of Heavy Exotic Nuclei *

G.G. Chubarian
Texas A&M University, Cyclotron Institute, College Station, TX 77843, USA

Results of investigation of shell effects in heavy ion induced low energy fission of transitional, Ac-Th, and
super heavy compound nuclei will be discussed. Mass, energy distributions of fission fragments, pre- and post-
fission neutron and gamma ray multiplicities from fission fragments will be presented.

Performed analysis of the experimental data for 226Th with the use of a new multicomponent method [1] has
shown that alongside the well-known modes, i.e., the symmetric (S) and two asymmetric modes standard-one
(S1) and standard-two (S2) [2], a high-energy mode standard-three has manifested itself (S3). The last named
mode appears due to the influence of the close-to-sphere neutron shell with N≈50 in the light fission fragment
group [3].

In detailed measurements of mean gamma-ray multiplicities from fission fragments of 226Th two components in
Mγ(M) distribution were established. They were associated with different conditions during formation of fission
fragments and it was shown that Mγ is very sensitive to symmetric and asymmetric modes and proprieties of the
scission point. Theoretical calculations of the pre-scission shapes of the fissioning nuclei 224,226Th confirm our
conclusions.

Future experiments with exotic beams on study of shell effects in low energy fission with will be discussed.

 [1] S.I. Mulgin et al., Phys. Lett. B 462, 29 (1999).
 [2] U. Brosa et al., Phys. Rep. 197, 167 (1990); P. Siegler et al., Nucl, Phys. A594, 45 (1995).
 [3] I.V. Pokrovsky et al., Phys. Rev. C 62, 014615 (2000).
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Three reaction mechanisms provide the most promising prospects for the production of

secondary beams. Fusion is best suited for the production of nuclei near the proton drip line.

Fission specifically populates mid-mass neutron-rich isotopes. Fragmentation and spallation

reactions represent rather universal production mechanisms for both neutron-deficient and neutron-

rich exotic nuclei, since the fluctuations in the N-over-Z ratio are very important.  Due to these

large fluctuations, this is the most promising reaction mechanism to reach extremely exotic nuclei

over the whole mass range, if sufficiently high primary-beam intensities are available.  In

particular, it seems to be a unique process for the production of extremely neutron-rich isotopes of

elements above the region of fission fragments.

Computer models for understanding reaction mechanisms and predicting the cross sections of

fragmentation and fission processes have been developed in our group [e.g. 1,3].  A great amount

of experimental data on the production of residual nuclei in reactions at relativistic energies has

been obtained in several experiments recently performed at GSI in inverse kinematics [e.g. 2-7].

On the basis of these data, realistic parameters for model calculations can be deduced, and the

model predictions can be verified.

The good actual knowledge of the characteristics of the nuclear reactions allows for choosing

conditions optimised to specific needs for the secondary-beam production.  Using our experimental

data and models it is possible to give rather realistic estimates on the prospects for secondary-beam

production in next-generation facilities.
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The Cross-Sections of the Photonuclear
Reactions

T. Hazratov, A.Khamrakulov

(Samarkand state University, Uzbekistan)

The cross-sections of the photonuclear reactions (γ,γ'),
(γ,n) and (γ,2n) measured for the 92 nuclear in the region
between 12C and 238U. The measurements were
performed by the activation method on the
bremsstrahlung of the microtron with the boundary
energy of 13 and 22Mev.The cross-sections were
calculated using the modificated model of the
preequilibrium decay. The satisfactory agreement of the
experimental and calculated cross-section was observed.
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