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Abstract. We have measured the 6He(p, t)α transfer reaction in inverse kinematics at 25MeV/nucleon.
The data were compared to DWBA calculations in order to extract the spectroscopic amplitudes for α+2n
and t + t configurations in the ground state of 6He.

PACS. 24.50.+g Direct reactions – 25.60.Je Transfer reactions – 24.10.Eq Coupled-channel and distorted-
wave models – 21.10.Jx Spectroscopic factors

1 Motivation

The 6He nucleus is now currently used as one of the bench-
mark nuclei to study the halo phenomenon and 3-body
correlations [1], especially because the alpha-core can very
well be represented as inert. However, in order to have a
complete and detailed description of the 6He wave func-
tion, the question arises whether the only contributions
are the cigar and di-neutron configurations, where only
4He and 2n clusters intervene, or if some t + t cluster-
ing is also present. In the case of the 6Li nucleus, it was
shown that it was possible to have considerable α+d and
3He + t clustering at the same time, and the importance
of both configurations was studied by analyzing angular
distributions of the 6Li(p, 3He)4He reactions [2].

2 Experiment

Following the same ideas, we measured recently at GANIL
the complete angular distribution for the 6He(p, t)4He
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with the SPEG spectrometer [3] and the MUST array [4],
with a special emphasis on the most forward and back-
ward angles which could not be measured in a previ-
ous experiment performed at JINR Dubna [5]. The 25
AMeV 6He secondary beam was produced by fragmen-
tation of a 60 AMeV 13C beam on a 1040mg/cm2 thick
carbon target. After selection with magnetic dipoles and
an achromatic Al degrader, it was transported to the
SPEG reaction chamber where it impinged on a (CH2)3
target, 18mg/cm2 thick. The average intensity of the sec-
ondary beam was 1.1 · 105 pps, with only one contami-
nant, 9Be, at the level of 1%. Due to the large emittance
of the secondary beam, the incident angle and the posi-
tion on the target of the incoming nuclei were monitored
event by event by two low pressure drift chambers. The
most forward and backward angles of the angular distri-
bution for the 6He(p, t)4He reaction were measured in the
SPEG spectrometer by detecting respectively the high-
energy 4He and the high-energy triton at forward labo-
ratory angles. The particles were identified in the focal
plane by the energy loss measured in an ionization cham-
ber and the residual energy measured in plastic scintilla-
tors. The momentum and the scattering angle after the
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Fig. 1. Experimental angular distribution measured in the
present work for the 6He(p, t)4He reaction, compared to
DWBA calculations (see text for details).

target were obtained by track reconstruction of the tra-
jectory as determined by two drift chambers located near
the focal plane of the spectrometer. For center-of-mass an-
gles between 20 and 110 degrees, the 4He and triton from
6He(p, t)4He reaction were detected in coincidence by the
eight telescopes of the MUST detector array. Each of these
telecopes is composed of a 300µm double-sided silicon
strip detector backed by a Si(Li) and a CsI crystal which
all give an energy measurement. These detectors were sep-
arated in two groups of four arranged in squared geometry
on each side of the beam, one covering an angular range
between 6 and 24 degrees, and the other one between 20
and 38 degrees with respect to the beam direction. The an-
gular coverage in the vertical direction was 9 degrees. The
angular distribution is presented in fig. 1. To extract differ-
ential cross-sections, data were corrected for the geometri-
cal efficiency of the detection in SPEG or MUST. This effi-
ciency was determined through a Monte Carlo simulation
whose ingredients are the detector geometry, their exper-
imental angular and energy resolutions, the position and
width of the beam on the target. The error on the MUST
detection efficiency deduced from the Monte Carlo simu-
lation is estimated to 5%. The absolute normalisation for
the transfer reaction was obtained from the elastic scatter-
ing which was measured in the same experiment with the
SPEG spectrometer. Indeed elastic-scattering calculations
for the system 6He + 12C using different potentials showed
that the angular distribution at forward angles is domi-
nated by Coulomb scattering and is rather insensitive to
the potential used. Therefore the absolute normalisation
of the data was obtained from the measured cross-section
on the first maximum of the 6He(12C, 12C)6He angular dis-
tribution. The uncertainty on the absolute normalisation
is of the order of 10%. The same normalisation was ap-
plied to the transfer data measured with the SPEG spec-
trometer. In the overlap domain between 19 degrees c.m.
and 27 degrees c.m. where the transfer data were obtained
with both SPEG and MUST, the agreement was good.

3 Analysis of the data

We have performed DWBA calculations including both
2n and t transfer. In the entrance channel, the coupling to
the continuum of 6He was taken into account via an effec-
tive dynamical potential derived by an iterative inversion
method [6,7]. A special care was taken in the choice of
the exit channel potential. Indeed no data exist for α + t
elastic scattering in the energy range considered presently.
Therefore we used elastic scattering data for the system
α+ 3He [8] to obtain the potential for the exit channel.
Several potentials were considered. First, the process of
one neutron transfer, which is not distinguishable experi-
mentally from elastic scattering, was explicitely taken into
account in a DWBA analysis of the 3He(α, α)3He reaction.
However, the calculations performed for the 6He(p, t)4He
reaction with the exit potential obtained with this proce-
dure did not allow to reproduce simultaneously the for-
ward and backward angles of the experimental angular
distribution. Secondly, we used the potential B obtained
in ref. [9] which was fitted, within a simple optical model
approach, on the complete differential cross-section of the
3He(α, α)3He elastic scattering at Ecm = 28.7MeV [10].
This potential gave the best simultaneous description of
both α+ 3He elastic scattering and 6He(p, t)4He reac-
tion. The data are compared to the DWBA calculation
in fig. 1. The dashed line corresponds to the DWBA cal-
culation where only the 2n transfer is taken into account,
with a spectroscopic amplitude equal to 1. The crosses
correspond to the triton transfer with a spectroscopic am-
plitude equal to 0.25. The solid line corresponds to the
coherent sum of both processes with these values of their
spectroscopic amplitudes. From this analysis, the value of
the spectroscopic factor extracted for the t + t configu-
ration is between 0.06 and 0.09, which is much less than
predicted by shell model or microscopic three-body clus-
ter model [11,12]. However, it is important to include it in
order to reproduce simultaneously the forward and back-
ward angles of the angular distribution. It should be noted
that the present result does not include several effects that
could modify this conclusion. For example the sequential
transfer of 2 neutrons or of one proton and 2 neutrons (in
the case of the triton transfer) was not considered and is
presently under study. Also an attempt to include trans-
fer from the continuum states in a full Coupled Reaction
Channel calculation did not give satisfactory results in the
present stage of the analysis. Finally the exit channel po-
tential should be investigated more deeply, since it was
shown to strongly influence the angular distribution. This
will be the subject of a forthcoming publication [13].
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