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Abstract 
 

We propose to continue transfer reaction studies for light nuclei close to the 
dripline. The beam energy increase envisaged in HIE-ISOLDE will allow 
studies employing the (d,p) and (t,p) reactions to populated states in 11-13Li.  
 

1. Introduction 
 
Transfer experiments with radioactive beams in inverse kinematics [1] provide powerful probes of 
nuclear structure. The present limitation on the maximum beam energy at REX-ISOLDE has 
restricted transfer experiments to light elements where several light neutron-rich nuclei already have 
been studied: 9Li [2] (IS367), 11Be [3] (IS430), 8Li (IS446), 30Mg [4] (IS470). The increase of beam 
energy in HIE-ISOLDE would open possibilities for many reactions that are Q-value limited. We 
present here selected cases for nuclei close to the driplines. 
 
2. Physics case 
 
Transfer reactions that add neutrons to a neutron-rich nucleus can obviously provide interesting 
nuclear structure information. The (d,p) reaction (Sn = 2.22 MeV) needs beam energies somewhat 
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above 1.2 MeV/u to proceed to a just unbound state and has therefore been employed at the present 
REX-ISOLDE where the maximum energy is 3 MeV/u. The (t,p) reaction (S2n = 8.48 MeV) needs 
beam energies above 3 MeV/u unless one populates levels bound by several MeV, such as the 
successfully done t(30Mg,p)32Mg [4]. We note that ISOLDE is the only facility where reaction 
experiments have been carried out with a radioactive beam on a tritium target. The energy increase at 
HIE-ISOLDE will therefore allow a new class of experiments to be performed. We wish to exploit 
this and focus on the lightest nuclei. ISOLDE with its unique beam-development record will offer 
more possibilities than explored here (see also the other LoIs on reaction experiments with light 
nuclei), but we give one example that illustrates the physics potential and the logistic requirements. 
The structure of the light neutron-rich nuclei has presented many challenges during the last decades 
and the physics interest has now expanded to include also the unbound nuclei just beyond the dripline 
[5]. For the neutron-rich nuclei many efforts have already been made on the unbound hydrogen and 
helium isotopes as well as on 10Li. The latest results from in-flight fragmentation at GSI [6] gave 
information on the unbound systems 12,13Li. An experiment at MSU [7] has very recently provided 
more detail on excited states in 12Li, but there is clearly a need for more information from 
independent experiments. Furthermore, the unbound excited states of 11Li, although studied for quite 
some time see e.g. [8,9], are still not sufficiently understood. In all these cases, transfer reactions can 
clarify and test our understanding of the system. We are therefore proposing to study the reactions 
t(9Li,p)11Li, d(11Li,p)12Li and t(11Li,p)13Li. 
Although the energy upgrade in HIE-ISOLDE is indeed the major factor enabling these experiments 
to be undertaken, we will benefit significantly also from the intensity upgrade.  
The results of the earlier d(9Li,t)8Li and d(9Li,p)10Li experiments [10] indicate that a careful 
theoretical treatment of the coupling to continuum states is needed at low reaction energies. Previous 
experience from other unbound systems show that the reaction mechanism anyway needs to be 
considered carefully (independent of reaction energy) so we plan to work closely with theoretical 
groups on the analysis of the data. 
 
3. Experimental setup 
 
The experimental setup will be very similar to those already employed in the second beamline [2,3] 
or at T-REX [4]. Since we are mainly dealing with unbound final states gamma-detection is not an 
important issue, whereas neutron detection may be beneficial (this will never achieve high efficiency 
at our beam energy, but may be useful for some selection processes). The space requirements are 
similar to those at the present Miniball set-up or – if one uses a set-up similar to the one used at the 
second beamline – with a 2 by 3 m2 space at the position of the set-up. Access to electricity, pump 
lines and internet as presently. 
Some years ago discussions were started in the ISOLDE community (partly taking place also within 
the INTAG JRA in EURONS) around the need for a suitable spectrometer for analysis of beam-like 
fragments emerging from reactions at REX-ISOLDE. In case such a spectrometer is built, the present 
experiments may benefit from using it, but the resolution requirements are rather different for the 
present case of light nuclei than they will be for other typical spectrometer users that could be 
imagined at HIE-ISOLDE. Since the major parts of the present physics case (and similar cases) can 
be undertaken without a spectrometer we have not pursued this issue, but we would be interested in 
collaborating with others if sufficient interest emerge. 
 
4. Beam requirements 
 
We have run several times at REX-ISOLDE with 9Li and do not foresee any problems with the 
intensity or purity of that beam. Even without the intensity upgrade it should give a secondary 
(accelerated) beam intensity of more than 105 ions/s, which is sufficient to perform the experiment 
within a few days. The primary 11Li intensity obtained so far is about 104 ions/s and a previous 
attempt to postaccelerate it at ISOLDE (IS399) was not successful. However, the scaling and the 
overall reliability of REX-ISOLDE has already improved so that a secondary beam intensity of 
several hundred ions/s will be feasible, thereby enabling the (d,p) experiment to be performed. The 
feasibility of the t+11Li experiment depends on the achievable intensity increase as well as on the 
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overall cross-sections and can be judged better after the (d,p) experiment has run. Concerning beam 
purity, we have experience at A=11 with 11Be and this isotope will be the only important 
contaminant. It can easily be distinguished from 11Li due to its different release properties and have 
not in the past been of major concern when running specifically on Li-isotopes. 
The experiments can be performed already at 5.5 MeV/u. The beam emittance and energy spread 
should be not worse than those at the present REX-ISOLDE, but we would benefit from 
improvements on these two parameters. For the 9Li beam a large EBIS-window will be beneficial; for 
11Li this is not of concern. 
 
5. Safety aspects 
 
Even for the most intense radioactive beams considered here the radiation levels from decays of the 
beam or from any reaction-induced activity will be sufficiently low to not cause any problems. 
However, the employment of the radioactive tritium target needs special safety precautions as have 
already been mastered in previous experiments (IS470 and IS499). 
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