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Abstract.  During the past ten years the present collaboration has carried out several experiments related with the study 
of radioactive nuclei. One of the topics in which we have centered our research, is the scattering of halo nuclei at 
energies around the Coulomb barrier. As part of this study, we present in this work a review of the results obtained from 
the scattering of 6He, 11Be and 11Li. The presence of a “halo” in these exotic nuclei is found to have a striking effect on 
the dynamics of these reactions, making their study an interesting experimental problem and a challenge for existing 
reaction theories. 
 
Keywords: Halo nuclei, elastic scattering, breakup products 
PACS: 24.10.Eq, 24.50.+g, 25.45.De, 25.60.Gc.   

INTRODUCTION 

The increasing number of experiments performed 
at many facilities around the world has contributed to 

unveil the properties of exotic nuclei. Among these 
remarkable nuclei we find the so-called “halo nuclei” 
that are characterized by a very unusual structure, 
consisting of two distinct parts: a central core, usually 
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composed by a stable nuclei, and a halo of neutrons or 
protons orbiting at a large distance of the central core 
[1]. Therefore, a common property of the halo nuclei is 
their large nuclear radius. Moreover, the halo nucleons 
are weakly bound to the core, giving rise to a large 
dissociation probability in reactions with other nuclei, 
even at energies below the Coulomb barrier. In this 
work we will show part of our results related with the 
study of the dynamics of the halo nuclei 6He, 11Be and 
11Li by heavy targets at Coulomb barrier energies. All 
of them are neutron halo nuclei and, in the case of 11Li 
and 6He, they are examples of Borromean nuclei [2] 
(i.e. three-body systems where the two-body sub-
systems are unbound). Regarding 11Be, it is a very 
weakly-bound one-neutron halo nucleus with a 
deformed 10Be core. 

EXPERIMENTAL SETUPS 

The setups for the referred experiments, present 
some similarities and differences. A common feature 
is the kind of detectors used. In general we used strip 
detectors with different shapes, according with the 
requirements of each measurement. To obtain mass 
and charge separation, we normally built telescopes in 
order to employ the energy loss technique. Using small 
telescopes we can ensemble complex geometries to 
cover specific angular ranges, to finally obtain 
differential cross sections (i.e. elastic, breakup, etc) for 
each beam and energy [3].   

SPECTROSCOPIC ANALYSIS 

Once the data related with each experiment are 
stored, we start a spectroscopic analysis, normally 
generating spectra of one and two dimensions, where 
the important variable is the energy signal registered in 
the components of each telescope. If we plot the 

energy registered in the ΔE-detector as a function of 
the total energy (i.e. E+ΔE) we can obtain spectra 
which allow the separation of the different isotopes 
produced from the projectile-target interaction. Once 
the reaction channels of interest are identified, we 
proceed to isolate and integrate them, in order to 
obtain the experimental associated cross sections.  

RELEVANT RESULTS 

We have performed two experiments at the CRC-
Louvain-la-Neuve facility in which the elastic 
scattering of 6He by 208Pb was measured, for different 
energies around the barrier [4,5], as well as the 4He 
products coming from this reaction [6]. In Fig. 1a, we 
show the measured elastic cross section (Elab = 22 
MeV) along with theoretical calculations,  namely, an 
optical model fit of the data, and three-body and four-
body CDCC calculations [7,8]. 

In the case of the 11Be, we carried out one 
experiment using a beam at 32 MeV at the REX-
ISOLDE-CERN facility, Geneva [9], obtaining 
experimental results about the quasi-elastic scattering 
on a 120Sn target. At the same time, we registered 10Be 
as reaction fragment produced from the interaction of 
the 11Be projectiles with the target. The quasi-elastic 
measurements are compared in Fig. 1b, with coupled-
channel and CDCC calculations. More results from 
this campaign of experiments can be consulted in Ref. 
[10]. 

In a more recent experiment performed at TRIUMF 
Vancouver facility, we measured the scattering of 
9,11Li on 208Pb at two different energies, again at 
Coulomb barrier. The analysis of the obtained data is 
in progress. Some preliminary results can be found in 
Fig. 1c, where also are included theoretical 
interpretations based in a semi-classical model and 
CDCC calculations [5,7].  

 
                                   (a)                                                                               (b)                                                               (c)    
FIGURE 1.  Some results from the reaction channels studied and theoretical calculations to describe them. (a) Elastic scattering 
of 6He on 208Pb at 22 MeV, results from [5] forward and backward angles and “preliminary” results from PH215 Experiment at 
angles around 90° [3]. (b) Quasi-elastic scattering from 11Be on 120Sn at 32 MeV taken from [9]. (c) Preliminary results from the 
breakup probability of 11Li+208Pb reaction at 24 MeV.  
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CONCLUSIONS 

From this extended study about the scattering of 
halo nuclei around the Coulomb barrier it is relevant to 
mention that, the behavior of the cross section is 
remarkably different from that of stable nuclei. The 
elastic angular distribution departs significantly from 
the Fresnel-like behavior which characterizes the 
scattering of heavy ions at Coulomb-barrier energies.   

Furthermore, comparing our results with the typical 
Rutherford pattern, we could find a lot of differences 
starting in the region of the nuclear rainbow [11]. In 
the case of 6He at 22 MeV where we have a wide 
angular distribution, it is easy to observe the 
discrepancies between halo and stable nuclei.  

For the 11Be data, the absorption process [12] 
appears even at very forward angles, and presently the 
collaboration is investigating its origin.  

Finally, the first results obtained from the analysis 
of 11Li show a strong probability of breakup reaction, 
which appears even at very forward angles. 
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