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Resolving multiple particles in a highly segmented silicon array

T. Paduszynskia, P. Sprungera,1, R.T. de Souzaa,�, S. Hudana, A. Alexanderb,
B. Davina, G. Fleenerb, A. Mcintosha, C. Metelkoa, R. Mooreb, N. Petersa,
J. Poehlmanb, J. Gauthierc, F. Grenierc, R. Royc, D. Thériaultc, E. Belld,
J. Gareyd, J. Igliod, A.L. Keksisd, S. Parketond, C. Richersd, D.V. Shettyd,

S.N. Soissond, G.A. Soulioutisd, B. Steind, S.J. Yennellod

aDepartment of Chemistry and Indiana University Cyclotron Facility, Indiana University, Bloomington, IN 47405, USA
bDepartment of Chemistry, Indiana University, Bloomington, IN 47405, USA
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Abstract

The design, construction, and performance of a new highly segmented charged particle detector array, FIRST, are

described. This forward angle annular array (2�pylabp28�) has been developed to study peripheral and mid-central

heavy-ion collisions at intermediate energies (E=A � 50MeV). FIRST consists of three individual telescopes that each

utilize ion-passivated silicon detectors in either a Si(IP)–Si(IP)–CsI(Tl) stack or a Si(IP)–CsI(Tl) stack. This array

provides elemental identification for 1pZp50 with isotopic identification of lighter elements, Zp13, over a wide

dynamic range in energy. The high segmentation of each silicon detector provides good angular resolution in a compact

geometry and allows deconvolution of multiple particles incident on a single telescope. The performance of the array in

a commissioning experiment 64Zn þ 64Zn; 209Bi at E=A ¼ 45MeV is shown.

r 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Understanding the properties of nuclear matter
with N=Z values far from stability is presently a
question of considerable interest [1]. In particular,
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the density dependence of the asymmetry term in
the nuclear equation-of-state (EOS) is relevant to
the radii of neutron stars [2], as well as the ground
and excited states of neutron-rich nuclei [3]. It has
recently been shown that N=Z equilibration in
mid-central symmetric collisions of two heavy
nuclei provides a probe of the density dependence
of the asymmetry term [4]. Radioactive beam
facilities that provide access to beams of nuclei
with extreme N=Z thus provide an unique
opportunity to assess this important term in the
nuclear EOS.

Following the peripheral collision of a projectile
nucleus with a target nucleus, the excited projec-
tile-like fragment (PLF�) undergoes decay via both
charged particle and neutron emission. For
neutron-rich PLF�, one expects changes in the
collective properties such as level densities as
compared to normal b-stable nuclei. These
changes should manifest themselves in the statis-
tical competition between charged particle and
neutron emission. Coincident measurement of
neutron and charged particle decay of the excited
projectile-like fragment is a powerful tool in
studying the properties of N=Z exotic matter. At
high excitation, emission of clusters ðZX3Þ also
becomes important and may signal changes in
the properties of nuclear matter with changes in
N=Z. By isotopically identifying these fragments,
together with the emitted neutrons and light
charged particles (LCP: Zp2), and measuring
their kinetic energies one can learn about the
excitation and spin of the PLF� [5]. Moreover, one
can also learn about the impact of the collision
dynamics on fragment formation [6–8]. The
internal excitation of the clusters produced can
be investigated with the tool of resonance spectro-
scopy by examining the population of discrete
states [9]. In addition, for low-lying states, multi-
particle correlations can also provide information
on the spin of unknown states [10]. In order to
investigate the response of N=Z exotic nuclear
matter at modest excitation, and in particular by
examining correlations, we have constructed a
charged particle array FIRST (Forward Indiana
Ring Silicon Telescope) that is optimized to
investigate peripheral and mid-central heavy-ion
collisions.

2. General design considerations

In order to select peripheral collisions between
projectile and target nuclei, we detect the heavy
decay product of the PLF�, which we designate the
PLF. By measuring the Z (or A) of this PLF,
together with the magnitude of its energy damping
from the beam energy, we are able to deduce the
excitation of the PLF� [5]. As the angular
distribution of the PLF at intermediate energies
(E=A � 50MeV) is forward peaked, it is necessary
to measure at small angles (ylab � 2�) with good
angular resolution. The dynamic range of the
detector at these forward angles is established by
the identity of the beam ðZ;AÞ, and its energy. We
optimized our design for beams with Zp50 and
E=A ¼ 50–60MeV.
To allow coincident neutron detection by time-

of-flight, it is essential to minimize both the size of
the entire charged particle array, as well as
minimize the mass in the vicinity of the target
so as to reduce scattering. To achieve both goals
we based our design for FIRST on three individual
telescopes, each of which is highly segmented.
This approach contrasts with the more conven-
tional approach that relies on multiple detectors
each with little or no segmentation [11–14].
Our choice of a few highly segmented telescopes
reduces the total mass of inactive material
usually associated with housing individual tele-
scopes. A concerted effort was made to minimize
the total mass of the support structure for
FIRST by using a low-mass aluminum support
to mount each of the telescopes. High segmenta-
tion with concurrent good energy resolution
is crucial for the particle correlation measure-
ments previously described. In addition, the
measurement of multi-particle correlations de-
mands a detection system with high geometric
efficiency, particularly for low-intensity N=Z

exotic beams. The reduced size of the array also
results in a transportable device. While use of a
few highly segmented silicon detectors has clear
advantages in terms of packing density, the
resolution attainable in reconstructing a multi-
particle event within such an array is unclear. In
this work, we describe the design, construction,
and performance characteristics of such a design,
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