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Abstract
Purpose  The purpose of this work is to study the pulse shape, energy resolution, non-proportionality of energy response for 
gamma-rays, and time characteristics of CeBr3 detector.
Method  The time and energy responses of two CeBr3 detectors were characterized by an analog method and a digital 
method using a set of standard γ-ray sources. The pulse shape, energy resolution and non-proportionality (nPR) of energy 
response for γ-rays were characterized using the analog method. For the analog method, the high voltage applied to PMTs, 
parameters of walk and external delay of constant fraction discriminator were optimized. For the digital method, a CEAN 
1729A digitizer with sampling frequency of 2 GS/s and resolution of 11 bit, and a digital constant fraction discrimination 
technique were used to study the time performance of the two CeBr3 detectors. Then, the coincidence time resolutions of 
the CeBr3 detectors for the gamma peaks of 22Na and 60Co were measured using the two methods.
Results  The trise, lifetime τ, tfall for CeBr3 21# and 22# are 11.2 ns, 23.8 ns, 50.2 ns, and 10.4 ns, 26.5 ns, 58.6 ns, respectively. 
The measured non-proportionality of CeBr3 21# and 22# are 1.08% and 2.22%, respectively. The time resolutions of the two 
CeBr3 detectors are 244 ± 2 ps and 248 ± 3 ps at the energy peaks of 60Co source, and 336 ± 2 ps and 335 ± 3 ps at 511 keV 
for the analog and the digital methods.
Conclusions  The time resolutions obtained by the analog method and the digital method are almost identical. The CeBr3 
detector is a good option in the applications such as half-life measurements, ToF-PET and high counting rate conditions. 
Furthermore, it is a good γ-ray spectrometer owing to the preferable energy resolution and non-internal activity.
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Introduction

Recently, some new inorganic scintillators with preferable 
performance have been produced, such as LaBr3/LaCl3, 
CeBr3 and elpasolite crystal Cs2LiYCl6:Ce [1–5]. These 
scintillators are commonly used in γ-ray spectroscopy, 
nuclear physics research, astronomy and medical imaging, 
and they play an important role [6–9].

CeBr3 and LaBr3 both are attractive crystals with similar 
performance. The former promises to be an adequate sub-
stitute of the latter in some applications, because it has fast 

time response, high photon yield of 68,000 photons/MeV 
and more competitive price [10]. Practically, the energy 
resolution of LaBr3 is a little better than CeBr3. However, 
a major drawback of LaBr3 is the intrinsic activity from 
138La, which produces 1.24 s−1 cm−3 as background in the 
energy range of 20–3000 keV [11, 12], while it is only about 
0.04 s−1 cm−3 for CeBr3 crystal [13, 14]. This could hamper 
its capability in detecting low-intensity γ-ray.

Furthermore, CeBr3 crystal has slightly larger detection 
efficiency than LaBr3, because the effective atomic number 
of LaBr3 is 45.3 and density of which is 5.07 g/cm3, while 
the values are 45.9 and 5.18 g/cm3 for CeBr3 crystal. More 
importantly, the pulse from CeBr3 crystal not only has a 
fast rising time of about 0.5 ns, but also has a very short 
decay which characterized by a single component with about 
20 ns in lifetime [4]. The performances of fast rise time 
and short fall time make it to be ideal for fast time and high 
count rate situations, and then, it can be used to measure the 
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nuclear level lifetimes accurately [15]. Now CeBr3 is prom-
ising to be a preferable substitute under the comprehensive 
consideration.

The delayed coincidence technique based on standard 
NIM electronics is commonly used to measure the time 
resolution of CeBr3 crystal, which was referred to as an 
analog method. For this method, the parameters, such as 
walk and external delay time, must be optimized iteratively, 
and the processes are fussy and time-consuming. Accord-
ingly, the digital method is used widely in waveform cap-
turing [16–20], and it has the characteristics such as con-
cise, higher efficiency, flexible and lower cost. As a result, 
a digital method was used to measure the time resolution of 
CeBr3 detector in this work, and it was compared with the 
analog method.

In this work, the time resolutions of two CeBr3 detectors 
were measured using both an analog method and a digital 
method for the gamma peaks of 22Na and 60Co. The energy 
response, energy resolution and non-proportionality of the 
energy response for γ-rays were characterized using the 
analog method, and the nanosecond-order half-life of 152Sm 
2+ isomer was also measured directly.

Experimental specifications

CeBr3 detectors

Two CeBr3 crystals with the same dimension were manu-
factured by Beijing Glass Research Institute, and they are 
labeled as CeBr3 21# and CeBr3 22#, respectively. The cylin-
drical crystals were all in 1″ × 1″, and they were wrapped 
with reflector material and sealed in an aluminum case. The 
crystals were optically coupled with a photon multiplier 
tubes (PMT) using viscosity silicon grease.

The PMTs labeled as CR173-01 were produced by 
HAMAMATSU. There are 8 dynodes and one entrance win-
dow of 1.5″ in diameter in the PMTs and only one output 
signal from the anode of the detectors. For the PMTs, the 
typical rising time is about 5 ns, the dark current is 2 nA at 
1000 V, and the max high voltage is less than 1500 V [21].

Experimental setup

An analog method and a digital method were used to meas-
ure the time resolution of CeBr3 detectors. For the analog 
method, the delayed coincidence technique [15] was used. 
The measurements of time resolution were taken with 22Na 
and 60Co γ-ray sources which positioned between CeBr3 21# 
and 22#. Both the back-to-back positioned detectors were 
coupled to standard NIM front-end electronics as shown in 
Fig. 1a.

Since the detectors provided only one output signal, 
which is taken from the anode, the signals were split into two 
outputs with MT050 splitters. This is necessary to enable it 
to measure both time and energy characteristics simultane-
ously in one coincidence experiment. One output was con-
nected to an ORTEC 584 constant fraction discrimination 
(CFD) module for the time measurement, while the other 
output was fed into an ORTEC 572A spectroscopy amplifier 
for selecting the coincidence energy window. The coinci-
dence events were selected by an ORTEC 850 single channel 
analyzer (SCA) and ORTEC 418 coincidence unit based on 
the energy spectra from 572 A, and it was used as a gate for 
the time measurement.

Apart from the time resolution of CeBr3 detectors, the 
energy response, energy resolution and non-proportionality 
of the energy response for γ-ray were also measured using 
the standard NIM electronics. To measure the energy char-
acteristics more accurately, the output signals from detectors 
were firstly send to an ORTEC 113 preamplifier (not shown 
in Fig. 1), and they are fed into an ORTEC 572A amplifier 
subsequently.

For the digital method, a CAEN 1729A digitizer was used 
to substitute the analog modules except the coincidence unit 
ORTEC CO 4020 and splitter MT050. The output signals 
were split into two chains by MT050. One was send to a 
CO 4020 for coincidence with the signal of the other CeBr3 
detector, and the other split signal was fed into the digitizer 
to acquire the waveform data directly. The coincidence sig-
nal from CO 4020 was send into the digitizer as a trigger in 
order to decrease the memory burden of the personal com-
puter. The time and energy information was analyzed offline.

A set of standard γ-ray sources produced by AEA Tech-
nology was used to determine the energy resolution, time 
resolution, photon non-proportionality and 152Sm 2+ isomer 
half-life as listed in Table 1 [22].

Energy response and resolution

The interaction between the incident photons and the crys-
tal is mainly photoelectric effect, Compton scattering and 
pair production (when Eγ » 1.02 MeV). The energy of the 
Compton scattered photons Eγ′ and recoil electron Ee can be 
represented by Eqs. (1) and (2), where m0, c and θ are the 
electron static mass, light speed in vacuum and the scattering 
angle of photon, respectively.

(1)E� � =
E�

1 +
E�

m
0
c2
(1 − cos �)

(2)Ee =
E2

�
(1 − cos �)

m
0
c2 + E� (1 − cos �)
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The energy deposition of photons formed a pulse height 
spectrum according to the processes mentioned above. The 
full energy (FE) peak, Compton edge (CE) and backscatter-
ing peak (BSP) can be identified clearly as the high energy 

resolution of CeBr3 detectors. The CE peak and BSP peak of 
511 keV, 1173.2 keV and 1332.3 keV are listed in Table 2. 
The energy resolution is determined by the ratio of the 
FWHM to the full energy peak, even though the real value 
of FWHM should be calibrated using the method shown in 
Ref. [10] for the non-proportionality.

Scintillation non‑proportionality of response (nPR)

Scintillators have an intrinsic non-proportionality response 
between scintillator light yield and photon deposition 
which affects their energy resolution. The origin of nPR 

Fig. 1   Schematics of the coinci-
dence time-delayed setup used 
to measure time response of the 
two CeBr3 detectors. a Based 
on standard NIM electronics; 
b based on a digitizer. The 
standard NIM electronics were 
manufactured by ORTEC 

Table 1   Standard γ-ray sources used for the characterization of the 
CeBr3 detectors as indicated by asterisks

The asterisk indicates that it has been applied in the corresponding 
test item

Nuclide Energy 
resolution

nPR Time resolution Isomer half-life

22Na * *
241Am *
60Co * * *
133Ba * *
137Cs * *
152Eu * * *
226Ra * *
109Cd * *

Table 2   Energies of full energy peak, Compton edge and backscatter-
ing peak of 511 keV, 1173.2 keV and 1332.3 keV γ-rays

FE (keV) CE (keV) BSP (keV)

511 341.7 170.3
1173.2 963.2 209.8
1332.3 1117.6 214.4
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in scintillator is extremely complex, and it can be affected 
by chemical composition, dopants, rare earth–cation sub-
stitution effect and anion effect [23–25]. According to 
the previous efforts in both experimental and theoreti-
cal modeling [14, 26], the nPR can be explained as that it 
originates from the nonlinear interactions of electrons and 
holes in a tiny excitation volume leading to a quenching of 
luminescence[25].

Gamma-ray non-proportionality can be traced back 
experimentally. Following the ideas of Pieter Dorenbos[27] 
and Wahyu Setyawan [23], the degree of photon nPR 
can be quantified by Eq. (3) [24], where Emax = 662 keV, 
Emin = 22 keV, fnPR(Emax) = 100% and fnPR(E) is the value of 
nPR at the excitation energy E.

Time resolution and optimization

Time resolution with analog method

The measurements of time resolution were taken with 22Na 
and 60Co sources, which provide back-to-back 511 keV coin-
cidence photons from positron annihilation and the cascade 
radiations from the 4+ to 2+ and 2+ to 0+ of 60Ni isomer with 
a 0.71 ps half-life. In the case of 22Na source, events that 
were recorded by CeBr3 21# (511 keV) and 22# (511 keV) 
formed a time spectrum, and the time spectrum was gated by 
events in the peak of 511 keV. The both energy gates were 
set at FWHM of the photopeaks.

In the case of 60Co source, the 1173.2  keV and 
1332.3 keV photopeaks were recorded in each detector. The 
time resolution represents an average value for the two pos-
sible situations. In the first step, the time spectrum for CeBr3 
21# (1173.2 keV) and 22# (1332.3 keV) was recorded; then, 
a second time spectrum for CeBr3 21# (1332.3 keV) and 
22# (1173.2 keV) was created. The energy gates were set 
roughly at FWHM of the photopeaks. The final time resolu-
tion FWHM was given by the summed time spectrum.

The time resolution as a function of high voltage on 
PMTs, external delay and CFD walk was measured to find 
the optimal time resolution, and the optimization processes 
were iterated. Based on the measurements, the best condi-
tions of walk, external delay and high voltage have been 
optimized, and then, we have got the optimal time resolution.

The ADC for recording time spectra were calibrated 
by signals from ORTEC 462 time calibrator; the result is 
3.254 ± 0.003 ps/Channel. Furthermore, the upper limit of 
intrinsic time resolution 25.7 ps of the NIM electronics was 
obtained simultaneously using the simultaneous signals that 
produced by ORTEC 462 module.

(3)�nPR =
1

Emax − Emin

Emax
∫

E
min
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|
|
fnPR
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Emax

)
− fnPR(E)

|
|
|
dE

Time resolution with digital method

The schematic circuit of digital method is shown in Fig. 1b; 
the signal recording length, resolution and sampling fre-
quency of CAEN 1729A digitizer are 500 ns, 11 bit and 2 
GS/s, respectively. The acceptable input range is − 0.5 ~ 0 V. 
Data are transferred to the main acquisition system via VME 
bus and then could be read by a V1718 controller and be 
send to the acquisition system via a USB line.

As same as in analog method, 22Na and 60Co sources were 
used to measure the time resolution with digital method. 
Waveforms of all the coincidence events of CeBr3 21# and 
22# were recorded event by event. In order to obtain the opti-
mal time resolution, there are two steps must be performed: 
One is timing the waveform, and the other is the optimiza-
tion of energy window.

In step one, a digital constant fraction discrimination 
(dCFD) method [28] based on C language was used to tim-
ing the waveforms. The time resolution of 511 keV and 
1173.2 keV/1332.3 keV was investigated to find the optimal 
conditions. Furthermore, the amplitude of waveforms was 
picked up, and then, the time and amplitude of CeBr3 21# 
and 22# reformed a pair of coincidence events for further 
analysis.

Secondly, the coincidence events were discriminated 
via energy windows, and the energy windows of 511 keV, 
1173.2 keV and 1332.3 keV are equal to the FWHM of cor-
responding photopeaks as same as in analog method. Finally, 
the optimal time resolution for 22Na and 60Co sources was 
obtained using MATLAB tools.

Results and discussion

The output pulse shape of PMT

Pulse waveforms were collected from anode output of detec-
tors for 137Cs source using a Tektronix TDS7254 digital 
phosphor oscilloscope at a sampling rate of 2.5 GS/s. Based 
on the analysis of about one hundred waveforms of 662 keV 
γ-rays, a typical pulse shape from the detectors was obtain. 
The measured pulses of CeBr3 21# and 22# detectors are 
shown in Fig. 2. Pulse rise time trise represents the time when 
the pulse amplitude changes from 10 to 90% of the maxi-
mum value. On the contrary, pulse decay time tfall represents 
the time when the pulse amplitude changes from 90% of the 
maximum value to 10%. The exponential decay function is 
used to fit the falling part of the pulse, and the decay con-
stant is defined as the lifetime τ.

According the measured result, the rise time trise, lifetime 
τ and decay time tfall of the signals from CeBr3 21# anode are 
11.2 ns, 23.8 ns and 50.2 ns, while those from CeBr3 22# are 
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10.4 ns, 26.5 ns and 58.6 ns, respectively. The fitted lifetimes 
for CeBr3 21# and 22# are roughly consistent with the life-
time of the 5d → 4f transition of Ce3+ [29] and the lifetime 
of 23.9 ns from N. D’olympia [15]. Nevertheless, the most 
important factor for time resolution measurement lies in that 
the rise time of CeBr3 21# and 22# is both much longer than 

the typically value of 0.4–2 ns in references [10, 15, 30]. It 
is a unfavorable factor for measuring time resolution.

Energy resolution and nPR

The typical energy spectra of 60Co, 22Na and 137Cs sources 
obtained by CeBr3 22# detector with working voltage of 
1050 V are plotted in Fig. 3. The shaping time, capacitance 
and gain of the ORTEC 572A spectroscopic amplifier were 
3 μs, 500 pF and 10, respectively. The ratio of peak to Comp-
ton continuum is 4 for 137Cs source, while CeBr3 21# has a 
similar γ-ray response with a poorer energy resolution.

The energy resolution (FWHM/E0 %) of CeBr3 21# and 
22# has been measured with six radioactive sources, as listed 
in Table 1. Energy resolutions as a function of incident γ-ray 
energy for the two CeBr3 detectors are shown in Fig. 4, and 
the energy resolutions for CeBr3 21# and 22# are 6.4% and 
5.2% at 662 keV of 137Cs source. The measured value is 
bigger than the typically value of 4–5.1% [13, 31], especially 
for CeBr3 21# detector. This is due to the gluing process in 
crystal manufacturing and also affected partially by the 
PMTs used in this work. The lines in Fig. 4 are nearly exact 
the fitting functions of 1

�√
E.

The measurements of nPR response for CeBr3 21# and 22# 
with standard radioactive γ-ray source are shown in Fig. 5. 
The nPR curve is usually characterized by a lowest value 
of nPR at the lowest energies, a K-dip in the nPR curve 
near K-shell absorption edges of cerium and bromine, and a 
smooth monotonic increase in the nPR curve with increasing 
photon energy up to 662 keV. Curves in Fig. 5 are normal-
ized to 1 at 662 keV. The nPR of I.V. Khodyuk [24] is 2.42% 
from 10 to 662 keV, and the experiment was carried out on 
a synchrotron radiation facility that provide monochromatic 
X-ray beam. The nPR of Kanai S. Shah [32] is 4% from 

(a) (b)

Fig. 2   PMT output pulses (inverted for display) from CeBr3 detectors, a 21#, b 22#. The inner figures are the same data as the outer figures with 
a logarithmic scale of Y-axis, which fitted by a exponential decay function

Fig. 3   Gamma-ray responses of CeBr3 22# detector at HV = 1050 V 
based on analog method; for the 60Co, 22Na and 137Cs sources, the 
CeBr3 21# has similar results with a poorer energy resolution
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100 to 1275 keV. In the energy region from 22 to 662 keV, 
the measured nPR of CeBr3 21#, 22# are 2.22% and 1.08%, 
respectively. Poorer energy resolution of CeBr3 21# can be 
attributed to the higher degree of nPR.

Time resolution

Time resolution using analog method

As discussed in “time resolution with analog method” in 
section, the time resolution strongly depends on those three 
factors, especially the applied high voltage and external 

delay. So the iterative and optimization process should have 
been done before the system being applied in measurements. 
Firstly, the walk of CFD modules was optimized one by one. 
The result shows that there is an appropriate range in which 
the walk has a little influence to measurements.

Secondly, using 60Co source, we have measured the time 
resolution as a function of the high voltage applied to PMTs; 
the results are shown in Fig. 6. The time resolution steadily 
improves, while the voltage increases up to 1050 V with 
the minimum value of 345 ps and then degrades slightly. 
This can be explained that the signal-to-noise ratio (SNR) is 
improved with the high voltage increasing, and then, a good 
SNR is in favor of the time resolution. Meanwhile, space-
charge effects will degrade the pulse shape from PMT with 
the further increased high voltage, and then, the degraded 
pulses lead to a worse time resolution.

Finally, based on these results we have measured the 
time resolution as a function of the external CFD delay 
time applied to the detector system. The measured results 
for 60Co source are shown in Fig. 7. The time resolution 
steadily improves with the external delay time td increasing 
up to 6 ns and then remains rather steady with the minimum 
value of about 345 ps when td varies from 6 to 12 ns, and 
then degrades along with the increasing td.

For ORTEC 584 CFD, the constant fraction factor f = 0.2 
was set in factory and was used in this work. Theoretically, 
for ideal triangular input signals, the recommended decay is 
td = 1.1tr – 0.8 ns, where f and tr are the attenuated factor and 
rise time of the input signal from 10 to 90%, respectively. 
Thus, the recommended td for CFDs with CeBr3 21# and 22# 
is 11.5 and 10.6 ns, respectively. It is roughly consistent with 
experimental result.

According to the iterative optimization processes men-
tioned above, the optimal measuring conditions are td = 10 ns 

Fig. 4   Energy resolution FWHM as function of γ-ray energy for 
CeBr3 21# and 22# detectors based on analog method. The lines are 
the best fitting functions of 1

�√
E

Fig. 5   nPR response of CeBr3 detectors measured with standard radi-
oactive γ-ray sources

Fig. 6   Relation of time resolution FWHM as a function of high volt-
age value for an individual CeBr3 detector using the 60Co source
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and HV = 1050 V. The time resolutions for CeBr3 21# and 
22# at energies of 22Na and 60Co sources using the analog 
method are plotted in Fig. 8a and b. The optimal time resolu-
tions FWHM are 475 ps and 344 ps. Both the time spectra 
were obtained by selecting the events with energy range in 
the FWHM of corresponding photopeaks. In the case of 60Co 
source, the time resolution represents an average value for 
two possible situations as mentioned in “time resolution with 
analog method” in section.

The measured time resolutions involve contributions of 
the intrinsic time resolution 25.7 ps of NIM electronics and 
that of detectors CeBr3 21# and CeBr3 22#. The relation of 
time resolution and the contributors can be expressed as 
Ttotal = (T2

CeBr3 21# +T2
CeBr3 22# + T2

NIM)0.5. Here, TCeBr3 21# and 

TCeBr3 22# are both much larger than TNIM, and the influence 
of TNIM to Ttotal can be neglected (< 0.3%).

Assuming that both detectors are nearly identical, we 
could calculate the time resolution of a single CeBr3 detec-
tor by dividing the FWHM value by 

√
2 . The time resolution 

of a single CeBr3 detector with analog method at 511 keV 
and 1173 keV/1332 keV is 244 ps and 336 ps, respectively.

Time resolution using digital method

The dCFD factors were optimized before the system was 
applied to measure time resolution. The time resolution as a 
function of dCFD factor is shown in Fig. 9, and the optimal 
dCFD factors for 60Co and 22Na sources are 0.2 and ̴ 0.15, 
respectively. While dCFD factors in the range of 0.12–0.2 

Fig. 7   Relation of time resolution FWHM as a function of external 
delay time for an individual CeBr3 detector using the 60Co source

(a) (b)

Fig. 8   Time resolutions for CeBr3-HAMAMATSU PMT detectors (21# and 22#) in coincidence using analog method. The FWHM resolutions 
are obtained assuming the two detectors have the same time characteristics. a 22Na source; b 60Co source

Fig. 9   Time resolution as a function of dCFD factor for 22Na and 
60Co sources
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for 22Na source, the time resolution remains rather steady 
with in one standard error, and the largest difference is less 
than 0.5%.

The time resolutions with the digital method at the peaks 
of 22Na and 60Co source were measured and analyzed after 
dCFD optimization process. The distribution of coincidence 
events are shown in Fig. 10. They are composed of mainly 
by all the coincidence events among the FE, CE and BSP, 
and the details of coincidence events are summarized in 
Table 3.

As shown in Fig.  10a, C1 and C2 are the valuable 
coincidence events with the energies of 1173.2 keV and 
1332.3 keV of 60Co source. Furthermore, the C3 and C4 
are more clearly separated than C5 and C6, which repre-
sents CeBr3 22# detector has a better energy resolution than 

CeBr3 21#. For the case of 22Na source as shown in Fig. 10b, 
besides the valuable coincidence events D1, coincidence 
events between the photopeak and the Compton edge (D2, 
D3) are notable. The intensity of the backscattering peaks 
and photopeaks for 60Co is larger than 22Na; this is caused 
by the different γ-γ angular correlation.

Based on the optimal dCFD factors, the coincidence time 
resolutions of CeBr3 21# and 22# detectors at the energy 
peaks of 60Co and 22Na sources were obtained with the digi-
tal method, as shown in Fig. 11. The time resolution of each 
CeBr3 detector was calculated by the same method as used 
in the analog experiment, as listed in Table 4. The quoted 
errors in Table 4 include contributions from both the calibra-
tion constant and peak fitting.

Besides the high voltage applied to PMT, the input range, 
sample frequency and the resolution of the digitizer as well 
as the timing discrimination method are the main influence 
factors to time resolution [28, 33]. For the digitizer CAEN 
1729A used in this work, the input range is inadequate. Oth-
erwise, the time resolution can be better.

Comparing the analog and the digital method used in 
this work, the advantage of the latter is no need to adjust 
the parameters of electronics, while the disadvantage is the 
influence by the performance of digitizer. From Table 4, we 
can see that the measured results are nearly identical with 
these two methods. It shows that the digital method based 
on digitizer at the present time can reach the level of analog 
method or even better than the latter. Furthermore, it can be 
conclude that time resolution will be much improved hope-
fully, if the PMT used in this work was substituted by a PMT 
with fast rise time.

(a) (b)

Fig. 10   2D energy spectra of coincidence events of CeBr3 21# and 22# detectors for 60Co and 22Na sources based on a CAEN 1729A digitizer, a 
60Co source; b 22Na source

Table 3   Details of the coincidence events of CeBr3 detectors for 60Co 
and 22Na sources; the meaning and energy value of abbreviations FE, 
CE and BSP are given in Table 2; FE (511) represents the full energy 
peak of 511  keV; BSP (60Co) represents the backscattering peak of 
1173 keV and 1332 keV

Item Coincidence events of 60Co Item Coincidence events of 
22Na

CeBr3 22# CeBr3 21# CeBr3 22# CeBr3 21#

C1 FE (1332) FE (1173) D1 FE (511) FE (511)
C2 FE (1173) FE (1332) D2 FE (511) CE (511)
C3 CE (1332) BSP (60Co) D3 CE (511) FE (511)
C4 CE (1173) BSP (60Co) D4 CE (511) BSP (511)
C5 BSP (60Co) CE (1173) D5 BSP (511) CE (511)
C6 BSP (60Co) CE (1332)
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In order to demonstrate the fast timing characteristic of 
the CeBr3 detectors, the half-life of 152Sm 2+ isomer was 
measured using the experiment system in this work with 
the similar method [15]. The result of 1.41 ± 0.02 ns is in 
excellent agreement with 1.428 ns from the Table of Iso-
topes [34].

Conclusions

In this work, the characteristics of two 1″ × 1″ 
CeBr3-HAMAMATSU PMT detectors was investigated 
using both analog and digital methods. The results show 
that the time resolutions of the two CeBr3 detectors are 
244 ± 2 ps and 248 ± 3 ps at the energy peaks of 60Co source, 
and 336 ± 2 ps and 335 ± 3 ps at 511 keV for the analog and 
the digital methods. As a result, the analog method can be 
substituted by digital method entirely based on a commercial 
digitizer, and the latter is more concise, efficiency and less 
expensive.

Due to the fast timing characteristic, CeBr3 detector is a 
good option in the applications such as half-life measure-
ments, ToF-PET and high counting rate conditions. Further-
more, it is a good γ-ray spectrometer owing to the preferable 
energy resolution and non-internal activity. It would be a 
strong competitor or substitute of the LaBr3 detector which 
has the disadvantages of internal activity and costliness.

Funding  This project was supported by the National Science Founda-
tion of China (Grant No. 11575165 and 11775200).
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