
Investigation of scintillation detectors for
relativistic heavy ion calorimetry

R. Lozeva a,b,*, A. Banu a, D. Balabanski b, J. Gerl a, M. G�oorska a,
I. Kojouharov a, Y. Kopatch a, S. Mandal a, H. Schaffner a, H-J. Wollersheim a

a Gesellschaft f€uur Schwerionenforschung mbH, GSI-Darmstadt, KP2, SB3, 160, Planckstr 1, Darmstadt D-64291, Germany
b Faculty of Physics, University of Sofia ‘‘St. Kl. Ohridski’’, 5 J. Bourchier blvd., 1164 Sofia, Bulgaria

Abstract

The new DE=E detection system, calorimeter telescope (CATE), for charge and mass determination of heavy ions at
high energies (P100 MeV/n) has been designed. CATE, a calorimeter telescope will consist of position sensitive Si
detectors for DE determination and scintillators, readout by either PIN diode or PMT, for total-E determination.
Different scintillation detectors were tested with 130Sn, 186Pb, 197Au and 238U beams of (100–300) MeV/n ion energy. By

properly selecting the beam species from the FRS and applying position corrections, an energy resolution of ’0.5%
FWHM was observed. The corresponding mass resolution of 1/200 is adequate for employment of CATE in the Fast

Beam RISING campaign at GSI.
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1. Introduction and motivation

The RISING project [1] will make use of ra-

dioactive beam energies �100 MeV/n for relativ-
istic Coul-ex and fragmentation reactions with a

secondary target in order to yield nuclear structure

information. To distinguish the fragments result-

ing from the interaction with the secondary target,
we have to determine their charge and mass with a

resolution of �1/100. This correlates with an en-
ergy resolution of 1% if a calorimeter is used for

mass detection instead of the standard Bq-mea-
surement with a large dipole magnet. For that

purpose a calorimeter telescope (CATE) system

was developed, consisting of a DE-detector for
charge and position determination and an E-de-
tector for calorimetric mass determination.

2. Experimental conditions

The experimental set-up (Fig. 1) that was used

during the tests of the CATE system and that will

be used as a standard set-up during the Fast Beam

Campaign of RISING [1] is described in the fol-

lowing: a high energetic heavy-ion beam, extracted

from the synchrotron accelerator (SIS) at GSI, hits
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a primary target, and reaction products from

fragmentation or fission are transported through

the FRagment Separator, FRS [2]. Once the ions

are separated by their Bq, they reach the final focal
plane, where a system of tracking detectors is

placed to measure the particle position (MWPC),

energy loss (IC) and time-of-flight (TOF). The se-

lected heavy ions reach a secondary target, that will

be surrounded in forward angles by the EURO-

BALL Ge-detectors for RISING. The secondary

reaction products shall be identified in charge and

mass by the CATE system placed down stream.

3. The CATE system

The complete CATE system (Fig. 2) will consist

of Si-DE and of CsI(Tl)-E arrays. Nine Si-PIN

Fig. 2. The calorimeter telescope system.

Fig. 1. The experimental set-up.
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diodes of 50� 50 mm2 size and 0.3 mm thickness
will be used.The position of the impinging particle

is detected through the charge division between the

four contacts placed at the corners of the resistive

layer back side. The following CsI(Tl) scintillator

array will consist of nine crystals of 54� 54 mm2

Fig. 3. Position resolution of the Si DE-detector.

Fig. 4. Energy resolution of the CsI(Tl) E-detector.
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size. The thickness of this array is 10 mm; that is

enough to stop the high energetic heavy ions. The

light collected in each crystal is read-out by a

photo-diode.

4. DE�E behaviour

In an earlier investigation [3], the Si-PIN-diode

DE-detector revealed a charge resolution of about
1/100. For the position resolution we determined a

value of 4.4 mm (Fig. 3) by correlating the mea-
sured position to that of a MWPC (position res-

olution �1 mm) for a 238U heavy-ion beam with

an energy of 400 MeV/n. This result is sufficient

for the intended use. In a first test the response

of NaI(Tl) +PMT, CsI(Tl) +PIN, CsI(Tl) + PMT,

CsI(Na) +PMT, BGO+PMT, Plastic +PMT scin-

tillators to 197Au heavy-ion beam with energies

between 100 and 306 MeV/n was studied [4].
CsI(Tl) readout by either PMT or PIN-diode gave

the best energy resolution determined to be up to

0.46% FWHM under appropriate analysis condi-

tions [4]. The in-beam investigation of the proto-

type calorimeter system was performed, first, with

a primary 238U heavy-ion beam, with energies be-

tween 100 and 400 MeV/n, and second, with

fragments. The energy resolution of the E-detector
in case of primary beam was 0.46–0.52% FWHM

without any correction (Fig. 4 top part). In case of

186Pb fragments with energies between 130 and 150

MeV/n, and in case of 130Sn fission fragments with

an energy of 100 MeV/n, an energy resolution

between 1.1% and 1.5% FWHM has been ob-
served prior to any correction. By selecting charge

and mass and by proper position correction, a

remarkable energy resolution of 0.5% FWHM for

fragments was reached with the calorimeter system

(Fig. 4 bottom part). This corresponds to a mass

resolution of 1/200 which is sufficient to select

narrow mass regions and to determine masses for a

given c-transition. Therefore this method will be
used in the coming experiments of the RISING

campaign.
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