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The structure and dynamics of 8He have been studied through the col-
lision process with a 208Pb target at energies of 22 and 16 MeV, above
and below the Coulomb barrier, respectively. The energy and angular dis-
tributions of the elastically scattered 8He and the 6,4He fragments were
measured. In this paper, we discuss the method used to determine the ef-
fective position of the beam spot on the reaction target and the scattering
and solid angles of each pixel of the detector array.
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1. Motivation

Surprisingly, the scattering of 8He from heavy targets at energies around
the Coulomb barrier has not been deeply studied and only a few data sets
are available [1, 2]. The peculiar structure of 8He should affect the collision
process in the presence of a strong Coulomb field, as is the case of the
scattering from a heavy target at energies around the Coulomb barrier. Also,
the role of the neutron skin on the dynamics of the scattering process is
not clear. Since Sn and S2n are similar, it is important to investigate the
competition between the single and double neutron transfer channels and
the direct breakup. Therefore, experiment E587S was performed at GANIL
(Caen, France) in 2010 with the aim of studying the scattering of 8He from
208Pb at 16 and 22 MeV.

2. Experimental setup

The relatively low available intensities for radioactive beams necessitate
the design of particle detection systems with large solid angle, high granu-
larity and that cover a large angular range. With this purpose, the GLORIA
detection system, described in [3], was developed at the University of Huelva
and commissioned during the E587S experiment. This system is intended for
the detection of charged reaction fragments produced in direct reactions with
heavy targets at low energies (< 5 MeV/u). GLORIA consists of 12 DSSSD
detectors, arranged in six particle telescopes with a first stage of 40 µm and
a second stage of 1 mm thickness. The target is tilted at an angle of 30◦
to avoid shadows in the particle detector array arising from the target. The
whole setup covers a continuous angular range from 15◦ to 165◦, and a solid
angle of 26.1% of 4π. In particular, two symmetric (A and B) telescopes
cover the forward angles, while another two (C and D) cover the backward
angles, with a further two located above and below the target (E and F).

3. General considerations for data analysis

The arrangement of the detectors in telescopes, i.e. ∆E–ET pairs, allows
for the distinction between different reaction channels in two-dimensional
spectra, called mass spectra, where the identification of reaction fragments
is possible thanks to the separation of mass and charge. For every spectrum,
the number of events related to each reaction channel is integrated using the
so-called integration regions. The definition of these regions can become
difficult, for example, in the case of the elastic channel for large values of
the scattering angle where the statistics are low. For this reason, integration
regions were determined in summed spectra, obtained from the addition of
single spectra from pixels with a similar scattering angle, which requires
accurate energy calibration.
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As a step towards the integration of the different events registered in the
∆E–ET spectra, it is important to remove the largest possible number of
non-physical events, for example, from noise–noise coincidences. Also, we
should discard events that, despite having a physical meaning, are invalid,
for example, particles that hit the detectors in the region between two strips
distributing their energy between them, the so-called cross-talk effect. Non-
valid events were removed during the process of analysis by imposing several
conditions while generating the spectra.

Once the spectra are properly generated and the integration of the num-
ber of events is possible, it is crucial to properly evaluate the scattering and
solid angles in order to calculate the cross sections.

4. Determination of the relative position of the beam spot on
target and of the detectors

For an accurate evaluation of the scattering and solid angles, the effective
position of the beam spot on target and of the detector array should be
considered, especially in closed geometry systems like GLORIA. The search
for this position is based on the hypothesis that at very forward angles, the
ratio dσelastic/dσRutherford remains around one.

The methodology for searching for the effective relative position is ex-
plained in what follows. Firstly, a starting position for the detection system
at each energy must be found, taking into consideration the number of elastic
events detected by the forward telescopes. Based on this position and fol-
lowing a specific methodology explained below, several positions of the beam
on target and the setup are tested in order to find the most appropriate. For
the evaluation of each of the possible positions, a simulation of Rutherford
scattering is carried out using the Geant4 code [4] in the NPTool [5] environ-
ment. In each simulation, the geometry of the detection system, according
to the position being tested, must be implemented. In this way, the num-
ber NRutherford of detected events is obtained for each pixel and the ratio
dσelastic/dσRutherford can be calculated as the number of experimental elastic
events divided by NRutherford.

In order to find a starting point position for the setup, a comparison
between the experimental elastic events registered by the two forward tele-
scopes as well as between their upper and lower halves must be carried out.
As an example of the results obtained, the 22 MeV case is described. The
pixels have been numbered in such a way that 1 and 14 denote the detec-
tor edges, while 7 and 8 correspond to their centres. In the upper panel of
figure 1, it can be observed how for both forward telescopes A and B their
lower halves systematically detect more events than their upper halves. In
fact, the values of these differences increase from about 4% in the centres of
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the detectors to nearly 40% at the edges. In the lower panel, it is shown how
the telescope B also registers more events than the supposedly symmetric
telescope A.
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Fig. 1. (Upper panel) Comparison between the elastic events detected by the pixels
in the upper and lower halves of the first strip of the forward telescopes A and B.
(Lower panel) Comparison between the elastic events detected by the pixels in the
first strip of telescopes A and B.

These comparisons allow us to understand the most probable displace-
ments necessary to obtain the effective position of the detection system dur-
ing the experiment. In particular, a horizontal displacement or rotation
about the vertical axis is required in order to remove the differences between
A and B seen in the lower panel of figure 1, while a vertical displacement
could explain the differences between the upper and lower halves of these
telescopes. An additional study was carried out with the aim of understand-
ing if the latter differences were due to the rotation of the target. However,
the main conclusion extracted from this study was that in the range between
15◦ and 45◦, the differences between the number of counts registered in the
upper and lower halves of the detectors due to the rotation of the target
remain under 3%, insufficient to explain those observed experimentally.

Once a starting position for the beam-spot on target and the detection
system has been defined, the methodology for obtaining the best position is
as follows. Firstly, a set of pixels (those with θcm < 27◦) for both telescopes
A and B is chosen where Rutherford-like behaviour is expected. Then, for
a given position of the telescopes, a simulation is performed giving as a
result the ratios dσelastic/dσRutherford for each of these pixels. Finally, when
all the ratios are known, they are fitted with a line whose slope should be
as close as possible to zero, while the differences between the ratios and
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the line (following the χ2 method) should be minimised. As an example of
the results obtained, in figure 2, the χ2 values for various positions of the
detection system are shown.
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Fig. 2. (Left) χ2 values obtained for horizontal movements of the setup with re-
spect to its nominal position (i.e. no horizontal displacement) and (right) χ2 values
obtained for rotations around the vertical axis with respect to the nominal position
(0◦ turn).

The final position for 22 MeV is determined as a vertical displacement of
+1.20 mm and a rotation around the vertical axis of 0.05◦, while for 16 MeV
a −0.30◦ rotation around this axis is sufficient.

5. Elastic cross section angular distributions

Once the effective relative positions of the beam on target and the de-
tector array were found at 16 and 22 MeV, simulations for the whole setup
were carried out for these specific positions in order to obtain the scatter-
ing and solid angles, and calculate the elastic cross section for each pixel of
every telescope. After an averaging process of the ratio for all pixels with
the same scattering angle, the angular distribution of the elastic scattering
cross section for the 8He+208Pb system at 22 MeV is presented in figure 3.
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Fig. 3. Angular distribution of the elastic scattering cross section of the 8He+208Pb
system at 22 MeV.
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6. Conclusions

In this work, we have investigated the effect of the position of the beam
spot on the counting rates and the normalisation of the cross sections in
the data analysis of the experiment E587S. The angular distribution of the
elastic scattering cross section for the 8He+208Pb system at 22 MeV was
presented.
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