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Development of Fast Scintillators for Synchrotron X-ray detection
Using Organic-Inorganic Hybrid Materials
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We developed fast scintillators for high-energy X-ray detection using organic-inorganic hybrid
materials. A fast response of scintillators is required for X-ray detection with an excellent time
resolution or detection capability at high counting rate. Plastic scintillators have a fast scintillation
decay, however, the interaction probability with high-energy X-ray is low owing to the low atomic
numbers of the constituent elements. In this study, nanoparticles of heavy metal oxides were
dispersed in plastic scintillators to enhance the interaction probability. We synthesized surface-
modified nanoparticles of HfO, and Bi, O3 with a super- or subcritical hydrothermal method and
added them to plastic scintillators. The synthesized organic—inorganic hybrid scintillators were
superior to a commercially available Pb-doped plastic scintillator for high-energy photons, EJ 256,
in their detection efficiencies and scintillation light yields. In addition, the hybrid scintillators
exhibited fast scintillation decay. These achievement indicates that our approach of development
of fast scintillators based on organic—inorganic hybrid materials is effective.
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Fig.1 TEM images of (a) HfO, and (b) Bi, O3 g
nanoparticles.
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Fig.3 Scintillation spectra of scintillators
Fig.2 Photographs of plastic scintillators added comprising (a) HfO, and b-PBD, (b) Bi. O3
with Bi, O3 nanoparticles. and b-PBD, and (c) Bi; O3 and DPO-POPOP.
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Fig. 4 Pulse height spectra for 67.41 keV X-ray

of scintillation detectors equipped with
scintillators comprising (a) HfO; and
b-PBD, (b) Bi, O3 and b-PBD, and (c)
Bi» O3 and DPO-POPOP.

Table 1 Detection efficiencies of scintillation detectors equipped with sample scintillator or EJ-256 for

67.4 keV X-rays.

HfO, content (wt %)

0 5 10 15 20 EJ-256
Detection efficiency (%) 0.30 0.87 1.02 1.12 0.34 3.66
(1 mm of conversion) 0.34 097 1.07 A2 034 1.85
Thickness (mm) 1.0 090 095 1.00 1.00 2.00
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Table 2 Detection efficiencies and light yields of scintillation detectors equipped with sample scintillator
and EJ-256 for 67.4 keV X-rays. The fluorophores in the samples scintillators: (a) b-PBD and (b)
DPO+POPOP.

(a)

Bi,O3 content (wt %) 0 5 10 15 20 EJ-256
Detection efficiency (%) 0.52 1.85 243 299 348 2.89
Detection efficiency (%)
(1 mm of conversion)
Thickness (mm) 085 0.85 090 0.81 1.00 2.00
Light yield
(photon/MeV)

0.61 217 270 3.68 348 1.46

9700 4700 2000 1900 1800 5200

(b)

Bi,03 content (Wt %) 0 5 10 15 20 EJ-256
Detection efficiency (%) 0.37 2.24 2.90 3.64 4.06 2.89
Detection efficiency (%)
(1 mm of conversion)
Thickness (mm) 082 091 092 1.02 1.10 2.00
Light yield
(photon/MeV)

045 246 3.15 357 3.0 1.46

8100 5800 3200 2300 800 5200
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