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Characteristics of a 4-fold segmented clover detectore”
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Abstract Four high-purity germanium 4-fold segmented Clover detectors have been applied in the experiment

of neutron-rich nucleus 2!N. The performance of those four Clovers have been tested with radioactive sources

and in-beam experiments, and the main results including energy resolution, peak-to-total ratios, the variation

of the hit pattern distribution in different crystals of one Clover detector with the energy of y ray, and absolute

full energy peak detection efficiency curve, were presented.
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1 Introduction

The excellent performance of Clover detectors is
interesting for P-decay experiments in recent years.
For example, four high-purity germanium 4-fold seg-
mented Clover detectors purchased from Eurisys,
France by IMP(Institute of Modern Physics), were
employed to detect y rays following the (-decay of
2IN in order to construct the B-decay scheme of !N
using B-n-y three-fold coincidence!.

In this paper, the characteristics of one Clover
were studied, and the main results, including the en-
ergy resolution, the hit pattern and the add-back fac-
tor, as well as the absolute full energy peak efficiency
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curve, were shown.

2 Experimental setups

The figures and detailed description of experimen-
tal setups can be found in Ref. [1]. The Clover con-
sists of four co-axial N-type High-Purity Germanium
crystals, which were arranged like a four leaf clover.
Each crystal electrically segmented into four segments
has a diameter of 60 mm and a length of 90 mm. The
distance from the center of each Clover’s front face to
the center of the B detector is only about 12 cm.

Standard radioactive sources such as °Co, 2°"Bi
and '*2Eu with the activity of 0.16 pnCi, 1.43 puCi and
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4.48 uCi respectively, as well as radioactive beams of
YN and 'O(the impurity to '*C beam) with well-
known vy ray energies and branching ratios were used
to study the characteristics of Clover detector. The
primary beam of Mg at 68.8 MeV /nucleon was pro-
vided by the HIRFL(Heavy Ion Research Facility in
Lanzhou) and impinged on a °Be primary target. The
produced fragments were separated, purified, and col-
lected by the RIBLL (Radioactive Ion Beam Line in
Lanzhou)®. The average intensities for the second
beam of "N and O was about 1900 pps and 160 pps
with the purities of 86% and 48%, respectively.

3 Experimental results

3.1 Direct mode and add-back mode

The full energy peak detection efficiency of Clover
detector with four crystals can be operated in two
modes: direct mode and add-back mode. In direct
mode, each crystal is considered independently as a
single detector, even if the hit multiplicity is higher
than 1, thus the full energy peak detection efficiency

is simply the sum of the individual full energy peak ef-
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ficiencies of each four crystal, ie. €gjrect = Z
add-back mode, coincidence events in different crys-
tals are summed resulting in the reconstruction of
full-energy signals and the full-energy efficiency are
the sum of one-fold events efficiency, two-fold events

efficiency , three-fold events efficiency and four-fold

4
events efficiency, ie. €.qd—pback = E €+ a2 fo1a +
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Fig. 1. The vy spectra of °°Co source in both di-

rect mode and add-back mode. Insert picture
in the left top corner is the enlarged picture
of 1173 keV full-energy peak.

As an example, the y ray spectra (both in direct
mode and add-back mode) obtain from one Clover
with the ®°Co source was shown in Fig. 1. The re-
duction of Compton-background in add-back mode
compared to the direct mode can be clearly seen from
Fig. 1, especially in the low-energy part. The peak-
to-total ratio improves from 0.07 to 0.12 as shown in
the right part of Fig. 1. However, the energy resolu-
tion in add-back mode (3.00 keV) is worse than that
in direct mode (2.5 keV), which can be clearly seen
from the insert picture in the left top corner of Fig. 1.

3.2 vy spectra of "N and °0

Figure 2 shows the beta-delayed y ray spectrum
from "N measured by four Clovers. Two "y rays with
energies of 871 keV and 2184 keV and with weak ab-
solute intensities 3.3% and 0.34% respectively® can
be identified clearly in Fig. 2, and another y ray ob-
tained from the B-decay of *°F with the energy of
1634 keV and with the strong absolute intensity of
100% can also be seen clearly in Fig. 2. Five y rays
from O beam with the energies from 110 keV to
1554 keV were observed in this experiment.
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Fig. 2. p-delayed vy spectrum from "N mea-

sured by four Clovers. The energy (in keV)
and the origin for each y peak are labelled.

3.3 Hit pattern

The hit pattern distribution of different crystals
in one Clover detector using only in-beam data with
energy was shown in Fig. 3. For energies less than
200 keV, the probability of one hit events is almost
100%.

For energies below 871 keV, Fig. 3 shows the sharp
decrease of one hit probabilities from 100% at 110 keV
to nearly 72% at 871 keV, and corresponding to quick
increase in two hit probability from 0% at 110 keV to
nearly 26% at 871 keV.
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Fig. 3. Distribution of hit pattern with energy.

Above 871 keV, the hit pattern more or less sta-
bilizes up to 2184 keV. It shows very slow increase in
two and three hit probabilities, and slow decrease of
one hit probability in this energy range. The one hit
probability decreases from 72% of the total events at
871 keV to 63% at 2184 keV, the two and three hit
probabilities increase from 26% and 2% to 34% and
3% in this energy range. The maximum of three hit
probability is only 3% at 2184 keV.

3.4 Add-back factor

Another interesting parameter of the Clover de-
tector is the add-back factor F' corresponding to the
gain in efficiency by summing the signals from differ-
ent crystals fired simultaneously. In Fig. 4, the vari-
ation of add-back factor F' with energy from 74 keV
to 2184 keV was shown. The F factor at low en-
ergies starts from 1 indicating that the direct and
add-back modes do not differ in efficiencies at low en-
ergies, since most of these y rays with lower energies
deposit their full energy in one of the crystals only.
The factor then starts increasing sharply till 871 keV
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Fig. 4. Variation of F' factor with energy.

where the add-back mode contribution comes in. Al-
though the rate of increase is less for y rays with
energies higher than 871 keV, the factor continues to
increase steadily for energies up to 2148 keV. The
value of F factor is up to 1.6 for 2184 keV vy ray.

The F factor obtained at 1408 keV is 1.534+0.03 in
this test, which is in good agreement with 1.5610.03
in Ref. [5].

3.5 Absolute efficiency

The absolute efficiency in add-back mode was cal-
culated for the full-energy peak with energy range
from 74 keV to 2184 keV. A special exponential de-
cay curve with formula y = yo+A;xexp(—(x—x¢) /t1)+
Agxexp(—(x—mg)/ts) + Asxexp(—(x—x0)/t3) is pre-
sented along with data points for the total efficiency
of one Clover in the Fig. 5.
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Fig. 5. <y detection efficiency as a function of y
energy in add-back mode for one Clover detec-
tor. The empty circles and solid dots indicate
the experimental results obtained by applying
radioactive sources and accelerated beams, re-
spectively, and the solid curve is a fit to the
experimental result.

The absolute efficiency is 1.22+0.09% for 1 MeV
v ray when the distance between the source and the
Clover detector is about 12 cm. When the distance is
about 11 cm, the GEANT 4 simulation result is 1.42%
for 8-fold segmented HPGe detector with the same
dimension as Clover discussed in this paper!®. Take
the difference of geometry efficiency into considera-
tion, our test result is consistent with the simulated
result.

4 Summary

The properties of a 4-fold segmented Clover were
studied in this paper. The direct mode and add-back
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mode were compared to each other, and the differ-
ences of two modes were discussed. The results of F
factor, and absolute detection efficiency were incon-
sistent with previous results. The performance study
of Clover is the basic work for physical experiments.

We would like to acknowledge the staff of HIRFL
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