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Ce-doped 20CsBr-20BaBr,-60ZnBr, glasses were synthesized by the conventional melt
quenching method, and their photoluminescence (PL) and scintillation properties were
investigated. In the PL and scintillation spectra, all the Ce-doped glasses showed broad
emissions due to the 5d—4f transitions of Ce>* ions. Under 24! Am a-rays, the light yield of 0.05%
Ce-doped glass was 40 photons/5.5 MeV-a.

1. Introduction

Scintillation detectors have been used in various fields such as medicine,() security,® well
logging,® environmental monitoring,-%) and high-energy physics.”) They are composed of a
scintillator and a photodetector.®) The scintillator has a function to instantaneously convert the
absorbed energy of ionizing radiation into a large number of low-energy photons, and the
photodetector can convert the photons into electric signals. The performance of scintillation
detectors strongly depends on the properties of the scintillator. The scintillators for X- and y-ray
detectors generally require a large effective atomic number, a high density, a high light yield
(LY), a short lifetime, and a low afterglow.®~1?)

Single crystals have mainly been used as the material form for X-ray and y-ray detectors
because of their high transmission and high density.13-22) In addition, commercial scintillators
such as Tl-doped Nal,?® Tl-doped CsI,*¥ Ce-doped Gd,SiOs,?3) and Ce-doped
Gd;(Ga,Al)s0,,*9 show high LYs. On the other hand, although glasses have some merits
including a high transparency, a low production cost, and a high moldability, the only
commercial scintillator in the form of glass for neutron detectors is Ce-doped Li,O-MgO-Al,05-
Si0, (GS20, Saint-Gobain).*-2®) Therefore, the development of glass scintillators for X- and
y-ray detectors is expected.

The scintillation properties of various oxide glass scintillators such as borate,(?9-32)
silicate,333%) phosphate,3*~*4 and tellurite glasses*>~47) have been reported. In recent years,
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Ce-doped oxyhalide and halide glasses have attracted much attention because of advantages
including a low synthesis temperature and a low phonon energy compared with oxide
glasses.*®2) In addition, Ce-doped oxyhalide glasses show high LYs compared with those
reported for glass scintillators; for example, the LYs reported for Ce-doped BaF,-Al,05-B,05,5)
CsCI-Al(PO5);-CsPO5,%% and CsBr-Al(PO;);-CsPO;5%) were 1800, 2100, and 2700 photons/MeV,
respectively. In the case of halide glasses, Ce-doped ZnCl,-based glasses such as
CsCl-CaCl,-ZnCl,0% and CsCl-BaCl,-ZnCl,®”) showed high quantum yields (QY) of ~87.6 and
~75.7, respectively. However, there are no reports on the scintillation properties of Ce-doped
ZnBr,-based glasses even though the phonon energy of bromide glasses is lower than that of
chloride glasses. In this study, we synthesized Ce-doped CsBr-BaBr,-ZnBr, glasses and
investigated their photoluminescence (PL) and scintillation properties.

2. Materials and Methods

We synthesized 0.01, 0.05, 0.1, and 0.5% Ce-doped 20CsBr-20BaBr,-60ZnBr glasses by the
conventional melt quenching method. As raw powders, CsBr (99.99%, Furuuchi Chemical),
BaBr, (99.9%, Furuuchi Chemical), ZnBr, (99.99%, High Purity Chemicals), and CeBr;-6H,0
(>99%, Mitsuwa Chemicals) were used. Detailed information on the synthesis is given in our
past reports.®® The synthesized glasses were then evaluated as follows.

For PL properties, the PL excitation/emission map and QY were measured using a
Quantaurus-QY system (Hamamatsu Photonics, C11347). In addition, PL decay curves were
evaluated using a Quantaurus-t system (Hamamatsu Photonics, C11367). To evaluate
scintillation properties, X-ray-induced scintillation spectra were measured using a laboratory-
built setup reported previously.29) X-ray-induced decay curves were evaluated using an
afterglow characterization system.®”) To estimate scintillation LYs, pulse height spectra were
measured using our original setup.(2®)

3. Results and Discussion

Figure 1 shows photographs of the 0.01, 0.05, 0.1, and 0.5% Ce-doped 20CsBr-20BaBr,-
60ZnBr, glasses. The thickness of the synthesized glasses was fixed at 1.0 mm, and all the
glasses were transparent. The glasses with higher Ce concentrations were yellow, which would
be due to the Ce absorption. The surfaces of all the glasses became slightly cloudy after a few
minutes because they were deliquescent.

The PL excitation/emission map of the 0.5% Ce-doped glass is illustrated in Fig. 2 as a
representative map. Here, the vertical and horizontal axes correspond to the excitation and
emission wavelengths, respectively. All the Ce-doped glasses showed a broad emission peak
around 380 nm under excitation wavelengths of 290 and 320 nm. The peak positions of the
excitation and emission bands were consistent with this in past reports on Ce-doped
glasses. ¢%57) The QYs of the 0.01, 0.05, 0.1, and 0.5% Ce-doped glasses were 4.4, 2.2, 1.4,
and 1.6%, respectively, which were comparable to that of Eu-doped 20CsBr-20BaBr,-60ZnBr,
glasses (~6.4%).5%)
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Fig. 1. (Color online) Photographs of 0.01, 0.05, 0.1, and 0.5% Ce-doped 20CsBr-20BaBr,-60ZnBr, glasses.
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Fig. 2. (Color online) PL excitation/emission map of 0.5% Ce-doped 20CsBr-20BaBr,-60ZnBr, glass.

Figure 3 shows PL decay curves of the Ce-doped glasses for a monitoring wavelength of 380
nm and an excitation wavelength of 280 nm. All the curves were well fitted by the sum of the
two exponential decay functions we used to estimate the lifetimes. The lifetimes of the two
components of all the glasses were 3.7-6.3 and 19.6-21.2 ns. The faster component was
assigned using the instrumental response function (IRF), and the slower component was a
typical value for the 5d—4f transitions of Ce3*.(56:37.60)

Figure 4 presents X-ray-induced scintillation spectra of the Ce-doped glasses. The 0.5%
Ce-doped glass showed broad emission peaks around 400 and 500 nm. The peak position of
the emission around 400 nm was slightly shifted to the longer-wavelength side compared
with the result for PL. This behavior was observed in previous studies on Ce-doped
ZnCl,-based glasses and is due to the self-absorption of Ce.(%37) In a previous report on non-
doped ZnCl,-based glasses, there was a broad emission peak around 500 nm due to self-trapped
excitons (STEs).®") Therefore, the origin of the broad emission peak around 500 nm is also
expected to be STEs in Ce-doped ZnBr,-based glasses.

X-ray-induced scintillation decay curves of the Ce-doped glasses are shown in Fig. 5. The
decay curves of all the Ce-doped glasses consisted of a sum of two exponential decay
functions, and the faster and slower lifetimes were 0.8—1.1 and 25.8-36.8 ns, respectively.
Since these values were consistent with those of Ce-doped ZnCl,-based glasses,®%57) the
faster and slower lifetimes are concluded to be due to the IRF and the 5d—4f transitions of
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Fig. 3. (Color online) PL decay curves of Ce-doped Fig. 4. (Color online) X-ray-induced scintillation
20CsBr-20BaBr,-60ZnBr, glasses for a monitoring spectra of Ce-doped 20CsBr-20BaBr,-60ZnBr,
wavelength of 380 nm and an excitation wavelength of glasses.
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Fig. 5. (Color online) X-ray-induced scintillation decay curves of Ce-doped 20CsBr-20BaBr,-60ZnBr, glasses.

Ce*" ions, respectively. Compared with the result for PL, the lifetime for the scintillation
was long. A similar trend was observed in previous studies.(!-63)

Figure 6 shows the pulse height spectra of the Ce-doped ZnBr,-based glasses under 2! Am
a-rays. The inset shows the pulse height spectra of Ce-doped Lu,SiOs under '37Cs y-rays as a
reference. Here, Ce-doped Lu,SiOs has an LY of 8700 photons/MeV.©¢4 For the 0.05% Ce-doped
glass, the full energy peak was observed around 105 ch. In contrast, no full energy peak was
clearly confirmed for the other glasses. As possible reasons for this observation, the synthesized
glasses may have been inhomogeneous and the LYs of the glasses were very low. The estimated
LY of the 0.05% Ce-doped glass was 40 photons/5.5 MeV-a with a typical error of £10%. Table 1
shows the OYs and LYs for previously reported ZnCl, and ZnBr,-based glasses and the values
obtained in this study. The QY and LY of the Ce-doped ZnBr,-based glasses were lower than
those of the Ce-doped ZnCl,-based and Eu-doped ZnBr,-based glasses. In general, Ce can take
the state of Ce** or Ce*" in glasses, although the emission around 400 nm is not related to Ce*".
If the present glasses had been prepared in a reducing environment, Ce*" would have been
converted to Ce3*, and their QYs and LYs may have been improved.
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Table 1

QYs and LYs for previously reported ZnCly-based and ZnBr;-based glasses and glasses in this study.
Chemical composition Y (%) LY (photons/5.5 MeV-a) Reference
Ce:20CsCl1-20CaCly-60ZnCl, ~87.6 No data (56)
Ce:20CsCl-20BaCl,-60ZnCl, ~75.7 127 57
Eu:20CsCl1-20BaCl,-60ZnCl, ~3.3 No data 61)
Ce:20CsBr-20BaBr;-60ZnBr, ~4.4 40 This work
Eu:20CsBr-20BaBr;-60ZnBr; ~6.4 100 (58)
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Fig. 6. (Color online) Pulse height spectra of Ce-doped 20CsBr-20BaBr,-60ZnBr, glasses under **'Am a-rays.
The inset shows the pulse height spectrum of a Ce-doped Lu,SiOj scintillator.

4. Conclusions

We prepared 0.01, 0.05, 0.1, and 0.5% Ce-doped 20CsBr-20BaBr,-60ZnBr, glasses by the
conventional melt quenching method and investigated their PL and scintillation properties. All
the glasses were transparent when the thickness was fixed at 1.0 mm. Under UV and X-ray
irradiations, all the glasses showed a broad emission peak around 380 and 400 nm, respectively,
which was due to the 5d—4f transitions of Ce’" ions. Under ! Am a-rays, the LY of the 0.05%
Ce-doped glass was 40 photons/5.5 MeV-a, and we investigated the scintillation properties of
Ce-doped ZnBr,-based glasses for the first time.
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