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A new detection system for time-optimized heavy-ion angular distribution measurements has been
designed and constructed. This device is composed by an ionization chamber with a segmented-grid
anode and three position-sensitive silicon detectors. This particular arrangement allows identifying
reaction products emitted within a 30° wide angular range with better than 1° angular resolution. As a
demonstration of its capabilities, angular distributions of the elastic scattering cross-section and the
production of alpha particles in the ’Li+?’Al system, at an energy above the Coulomb barrier, are

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Nuclear reactions produce different nuclides with a wide range
of energies and scattering angles. The experimental study of the
mechanisms involved in these reactions usually needs the sys-
tematic measurement of complete angular distributions of the
reaction products at several energies, which implies time-
consuming experiments. This situation is particularly extreme,
for example, in the case of nuclear reactions induced by radio-
active ion beams or those having low cross-sections, in which the
optimization of all detection parameters is required, the detection
efficiency being one of the most critical. In addition, the nuclear
species of interest have to be identified among the background
events, which are usually much more abundant. The classification
of particles in terms of their atomic number Z and mass number A
is usually done by measuring their partial energy-loss (AE) and
residual energy (E.s) [1]. The determination of the angular
distribution of the emitted particles, in turn, can be accomplished
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using a single movable detector, an array of several detectors, or a
detector with sensitivity to the incident position.

The detection system presented in this communication was
specially designed and constructed for our research program on
breakup reactions induced by weakly bound nuclei. It has a large
acceptance angle and the capabilities of particle identification and
incidence position determination. In this device, particles go
through an ionization chamber with two separated anodes (which
yield AE; and AE, signals) and they are stopped at one of the three
position-sensitive silicon detectors (PSD), which give the energy
signal E.s (i=A, B or C). In addition, each PSD provides a signal
which is proportional to the particle incidence position along its
active strip, x' [1]. By time coincidence, the four non-zero signals
induced by each single particle (AE;, AEs, Ey., x') are associated as
an event. The scattering angle of each particle is then calculated
from the detection system angular position and the x' signal. In
this way, the detection system allows the particle identification
and the determination of its scattering angle (within a range of
30°) out of just eight electronic signals (two partial energy losses,
plus the six signals provided by the PSDs). This requires the use of
a limited amount of electronic modules and a single octal ADC.

Following, in Section 2, a detail of the main design and
construction features of this new detection system is given.
Section 3 concerns the characterization tests with several ion
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Entrance window grid

Fig. 1. Upper (on the left) and lower (on the right) pieces of the container. AE; and
AE; are the two segments of the ionization chamber anode. On the back, the three
PSDs are placed.

beams and the measurements performed in the “Li+2’Al system.
Finally, conclusions and perspectives are presented in Section 4.

2. Design and construction

The detection system consists of a segmented-anode ionization
chamber containing three PSDs, which are focused to the reaction-
center (see Fig. 1). The device is able to discriminate different types
of particles in an almost continuous 30° angular range except for
two dead zones between the PSDs, of about 1° each. The advantage
of having two anode segments is to provide additional discrimina-
tion of particles heavier than the ones of interest, which do not
reach the PSDs. Depending on gas pressure; those particles can be
either stopped at the first segment or identified by the AE{-AE;
correlation. On the contrary, lighter particles are better identified
by the AE,-E,.s correlation. Alternatively, it is possible to shortcut
the AE; and AE, output connectors to use the two anode segments
as a unique AE detector.

The system is housed in a stainless steel case. The segmented-
anode, the Frisch-grid and the PSDs are attached to the case
bottom and the cathode and entrance window to the top (Fig. 1). It
has an adjustable base, which allows its alignment relative to the
reaction plane by means of three leveling screws. The container
and its base were designed to fit in the ORTEC reaction-chamber
(76 cm of internal diameter, and 25 cm of height), mounted in one
of the experimental lines of the 20 UD TANDAR tandem accel-
erator facility. Nevertheless, the design is versatile enough to be
used in other facilities.

Different commercial brand PSDs may be connected to the
system. In this work, PSD A is an ORTEC P-055-0847-500 (47 mm
long by 8 mm high active area, 500 um depth), and PSDs B and C
are Canberra PF1RT-50%10-300RM (50 by 10 mm? active area,
300 pm depth).

In order to improve the charge collection, the segmented-
anode is composed of grids of 28 pm diameter gold-coated
tungsten wires (2 mm separation between them). In the vicinity
of the wires the electric field is strengthened, improving the
output signal in contrast with usual anode plates [2]. The cathode
is made of a 3 mm thick and 110 mm long bronze plate, sharing
the same shape and dimensions of the Frisch-grid. The cathode,
Frisch-grid and anode segments follow the container geometry
(Fig. 1) and the vertical gap between each of them is 30 mm.

The entrance window of the detector is a 104 by 8 mm? slot
made in an acryl glass frame. It is placed at 100 mm from the
reaction-center and is covered by a 6.3 pm thick Mylar film. The
slot determines an active solid angle of 80 msr. There is virtually

no dead gap between the slot and the first anode segment (which
avoids passive energy losses). Meanwhile, the dead gap between
anode segments is about 5 mm and between the second segment
and the PSDs is 3 mm.

3. Characterization and performance

This detection system was conceived to minimize the time
required to obtain angular distributions of different reaction
products. In order to characterize the device and its capabilities
for this kind of measurements, it is necessary to evaluate the
uncertainties that the ionization chamber gas introduce in the
determination of the energy and the emission angle of the
particles that are being detected. For this purpose several tests
have been performed using a triple radioactive alpha source and
different beams provided by the TANDAR accelerator. The perfor-
mance of the detector has also been tested through the compar-
ison of measured elastic scattering cross-sections for the “Li+27Al
system with previous experimental results. Moreover, an angular
distribution of the alpha particles produced in this reaction system
has also been obtained.

3.1. Energy and angular resolutions

The first evaluations of the energy and angular resolutions
were carried out detecting alpha particles emitted by a 23°Pu
(5.155 MeV)-**'Am (5.486 MeV)-24*Cm (5.805 MeV) alpha source
and by the elastically scattered ions produced in the bombardment
of a '’Au target using Li (20 MeV), '°0 (30 and 70 MeV), and 32S
(90 MeV) projectiles. In what follows, the quoted resolution
corresponds to upper limits of the results obtained in the different
measurements. In first place, the intrinsic relative energy resolu-
tions of the PSDs, obtained as the FWHM/centroid ratio of the
energy peaks, were found to be about 1.5% (at high vacuum). The
uncertainty of the measured energy due to the straggling process
in P10 gas increased at a pressure of 267 mbar, giving a FWHM/
centroid ratio of 3% for the PSDs. The corresponding values for the
AE resolutions obtained for the ionization chamber were 11.5%
(5%) for the first (second) segment at 70 mbar and 8.5% (3.5%) at
270 mbar.

Several factors affect the overall uncertainty in the determina-
tion of the original emission angle of a given particle that comes
from the target and is detected by the device. The most relevant
are: (i) the angular straggling in the target, (ii) the angular
straggling in the Mylar film of the entrance window, (iii) the
angular straggling in the ionization chamber gas at a pressure P,
and (iv) the position resolution of the PSDs. The corresponding
uncertainties are represented by the FWHMSs o, ow, 0g4s(P), and
opsa, Tespectively, which are added in quadrature to produce a total
angular uncertainty o(P). Among the quoted factors we will
concentrate on the last three, which are inherent to the detection
system.

The measurements of the intrinsic position resolutions of the
PSDs (opsa) have been done using the same beams already
mentioned. The distance between the target and the PSDs was
190 mm, no gas was used in the ionization chamber and the
entrance window was removed for this test. Two 1 mm diameter
needles were fixed at different positions perpendicular to the
active strip of each PSD. When these detectors were uniformly
impinged by the incident particles the needles produced in all
cases clear dips in the position spectra that allowed us to obtain
reliable calibration data. By application of this procedure the
intrinsic position resolutions were estimated to be 1 mm, which
in this case corresponds to an uncertainty of 0.3° in the emission
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