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Abstract To investigate the configurations of the valence protons in Borromean nucleus '"Ne, a CsI(TI)
detector array, which consists of 9 CsI crystals (26 x 26 x20mm?®) coupled with photodiodes, has been successfully
used in the !"Ne experiment to measure the energy of protons. In order to find the optimal working conditions
and get the best energy resolutions, several technologies (including various wrapping materials, wrapping and
coupling methods) have been used. The testing results showed that the best energy resolution of the CsI(T1) is
about 3.3% using the *** Am o-source. The primary testing results with the proton beam were also provided.
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1 Introduction

There are various advantages for CsI(T1) crystals
as the sensitive matter of the scintillator detectors,
such as: relatively high density, high luminescence
efficiency, low prices compared to some other scin-
tillators and quite easy to machining and so on.!' !
Thus, it was widely used in the nuclear physics and
particle physics experiments.

A CsI(T1) detector array has been developed in
Peking University and successfully used in the experi-
ment of 1"Ne to detect the protons. In this paper, the
process of developing the CsI(T1) detector array will
be described in two sections. The first one focuses
on the investigation of single CsI(T1) scintillator de-
tector, including the detailed technologies to improve
the energy resolution of the detector. The integrated
properties of the detector array were also present.
The second section will introduce the performance of
the CsI(T1) detector array in the experiment of ' Ne,
which was performed at RIBLL in IMP.
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2 Single CsI(TI1) detector

The CsI(T1) crystals (26x26x20mm?) we used
were made by HAMAMATSU INC. It coupled with
PD(S3204).
of the detector, several different wrapping materials

To get the optimal energy resolution

and coupling methods were used. In our test, three
radioactive sources (***Am o-source, °Co y-source,
137(Cs y-source) were used. Comparisons with differ-
ent technologies are listed in Table 1.

Table 1. Wrapping materials and coupling
methods for CsI(TI).

No. incident face four side faces coupled face
1 Teflon films(1 mm slot) Teflon films silicon grease
2 2um Al-Mylar films Teflon films silicon grease

3 2um Al-Mylar films 2um Al-Mylar films silicon grease
4 2um Al-Mylar films Teflon films glue
5 2um Al-Mylar films TYVEK paper glue

The test was done in a vacuum chamber. The out-
put signals from the CsI(T1) detector (CsI(Tl) crys-
tals coupled with the PDs) were transfered to the
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pre-amplifier A250 and the amplifier ORTEC 572 A.
After the amplification and shaping, the signals were
analysis by the ADC. The high voltage for the PDs
was supplied by the ORTEC 710 power supply. The
test setup is shown in Fig. 1.
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The setup of test platform and electronics.

Fig. 1.
The typical 2** Am a-source spectrum of a CsI(T1)
detector with the 5th wrapping and coupling condi-
tions is shown in Fig. 2. Its energy resolution is about
3.3%.
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Fig. 2. The typical 2! Am «-source spectrum

of a CsI(T1) detector with the 5th wrapping
and coupling conditions.

The testing results with different technologies are
shown in Table 2. In all the tests, the shaping time
(6 ps) of the amplifier ORTEC 572 A and the PD
high-voltage (70 V) supplied by the ORTEC 710 were
the same. However, the gains of the ORTEC 572 A
were a little different for various wrapping and cou-
pling conditions. From the Table 2, we can see that
the best energy resolution (~3.3%) was obtained un-
der the 5th wrapping and coupling conditions. The
testing results with different ion sources are shown in
Table 3.

We found that the shaping time of the amplifier
ORTEC 572 A has influence on the energy resolution
of the CsI(T1) detector. The testing results with dif-
ferent shaping time are shown in Table 4. It can be

seen that the longer the shaping time is, the better
the energy resolution obtained.

Table 2. Testing results (**'Am o-source).

peak energy

wrapping and

coupling conditions positions FWHM resolutions
1 673.2 23.7 3.52%
2 1158.0 51.8 4.47%
3 1839.2 89.8 4.88%
4 2648.8 102.8 3.89%
5 3012.0 100.8 3.35%
Table 3. Testing results for the different ion
sources under 5th wrapping and coupling con-
ditions.
energy
ion sources peak positions FWHM resolutions
241 Am x-source 3012.0 100.8 3.35%
60Co y-source 1257.4 73.0 5.80%
1427.2 73.0 5.11%
137 (s y-source 716.3 68.7 9.58%

Table 4. The testing results with different
shaping time(**' Am «-source; the 5th wrap-
ping and coupling conditions).

shaping peak energy
time/us positions resolutions
3 2937.2 103.6 3.53%
6 3012.0 100.8 3.35%
10 3114.5 102.6 3.30%

According to the testing results, the 5th wrapping
materials and coupling methods were chosen to build
the CsI(T1) detector array, which is shown in Fig. 3.
The energy resolutions of most of the CsI(T1) detec-
tors are around 3%—4% using the 2! Am «-source.

-

Fig. 3. The photograph of the CsI(T1) detector array.

3 The performance of the CsI(T1) de-
tector array in the '"Ne experiment

In the '"Ne experiment, the CsI(T1) detector array
was used to measure the deposit energies of protons.
To get the energy calibration of CsI(T1) detector
for proton, the proton beams with different energies
were used. The energies of the proton beams were
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Fig. 4. The energy spectra of protons which were detected by the central CsI(T1) detector of the array.
(a) The energy of the proton beams is 8.0 MeV and its energy resolution is 23.82%; (b) 12.3MeV and 9.87%;

(c) 18.9MeV and 5.23%; (d) 32.0 MeV and 2.89%.

8.0 MeV, 12.3 MeV, 18.9 MeV, 32.0 MeV, respec-
tively. The energy spectra, which were detected by
the central CsI(T1) detector of the CsI(T1) detector
array, were showed in Fig. 4.
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Fig. 5. Energy calibration curve for the CsI(T1)
detector.
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Fig. 6. The energy resolution of CsI(T1) detec-
tor as a function of the energy of the proton
beams.
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4 Summary

The developing process of the CsI(Tl) detec-
tor array and its performance in the experiment of
the proton-rich nucleus '"Ne have been reported in
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ergy resolution and the energy of the proton beams

is consistent with - xE-3.
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