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Ba-fresnoite Single-crystalline Scintillator for X-ray Detection
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Scintillation detectors, composed of scintillators and photodetectors, have recently been
applied in various fields. Since the performance of scintillation detectors mainly depends on that
of the scintillator, the development of more advanced scintillators is still ongoing. In this study,
Ba-fresnoite is focused on as a new scintillator and its performance is evaluated. Ba-fresnoite
shows an emission band centered at 460 nm with decay time constants of 1.0 and 3.7 ms, and the
light yield is 5100 photons/MeV.

1. Introduction

Scintillation detectors have recently been actively employed in various fields such as
medical,(!) security,® and well logging.®) Such detectors are composed of scintillators and
photodetectors.® Scintillators are optical materials that convert the energy of ionizing radiation
into low-energy photons, and photodetectors can change the low-energy photons from
scintillators into electric signals. Since the performance of scintillation detectors strongly
depends on that of scintillator, new scintillators with more advanced performance have been
developed.>-10)

Scintillation detectors are categorized into pulse-counting or current-type detectors
depending on their application. For example, pulse-counting detectors are used in positron
emission tomography to process individual radiation events, while current-type detectors are
utilized for baggage inspection through signal integration over milliseconds. Hence, the required
properties of scintillators vary slightly depending on whether pulse-counting or current-type
detectors are used. In particular, scintillators in current-type detectors require high chemical
stability, high emission intensity, high effective atomic number (Z.;), high density, and low
afterglow level.

The host material of interest in this study is Ba-fresnoite with the nominal composition
Ba,TiSi,Og. Ba-fresnoite has been investigated on regarding its ferroelectric,1”) piezoelectric,(1®)
and pyroelectric properties.!” Additionally, Ba-fresnoite can be a promising scintillator because
it has high chemical stability, relatively large Z,; (48.1), and relatively high p (4.5 g/em?). In
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previous studies, Ba-fresnoite showed a broad emission band in the range of 300—650 nm, which
originated from the charge transfer (CT) from Ti*" ions to O ions.(-2D) The observed emission
wavelength matches well with the wavelength sensitivity of some photodetectors such as
photomultiplier tubes (PMTs). Nevertheless, Ba-fresnoite has never been studied as a scintillator.
Therefore, we evaluated the scintillation properties of Ba-fresnoite to determine its potential for
scintillator application.

2. Experimental Methods

A Ba-fresnoite single crystal was fabricated by the floating zone method. BaCO; (4N), TiO,
(4N), and SiO, (4N) were mixed and sintered at 1200 °C for 10 h. The sintered mixture was
formed into a cylinder rod that was resintered at 1200 °C for 8 h. After that, crystal growth was
conducted, and the obtained crystalline rod was cut to obtain a measurement sample. To confirm
the crystal phase, the powder X-ray diffraction (PXRD) pattern obtained with a MiniFlex600
diffractometer (Rigaku) was evaluated. The photoluminescence (PL) excitation/emission
mapping, PL quantum efficiency (QY), and PL decay curve were evaluated with Quantaurus-QY
(Hamamatsu, C11347-01) and Quantaurus-t (Hamamatsu, C11367), respectively. The
scintillation spectrum, decay curve, and pulse height spectrum (PHS) were evaluated with our
original setups.?>—24)

3. Results and Discussion

Figure 1(a) shows a photograph and PXRD pattern of the fabricated sample. The sample size
is approximately 4 x 4 x 1.0 mm?>, and the sample appears colorless and transparent. The PXRD
pattern of the fabricated sample matches the reference from the International Centre for
Diffraction Data (ICDD) No. 84—0924, and no additional peaks are detected. Thus, the fabricated
sample has a single-phase structure of Ba-fresnoite. Figure 1(b) shows the PL excitation/emission
mapping and decay curve of Ba-fresnoite. Under excitation at 260 nm, a broad emission band
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Fig. 1.  (Color online) (a) Photograph and PXRD pattern of Ba-fresnoite. The reference pattern is ICDD No. 84—
0924. (b) PL excitation/emission mapping and decay curve.
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Fig. 2. (Color online) (a) Scintillation spectrum, decay curve, and (b) PHS under y-rays of Ba-fresnoite.

centered at 460 nm is observed and ascribed to the CT from Ti*" ions to O>™ ions. Additionally,
in a previous study, it was observed that the bandgap of Ba,TiSi,Og is ~4.7 eV.(!9) Thus, the
excitation band would originate from the transitions from the valence to the conduction band.
The PL QY under excitation at 260 nm is 34.3% in the range of 300—700 nm. On the basis of the
results of PL excitation/emission mapping, PL decay curve monitoring at 460 nm was evaluated
under excitation at 260 nm. The PL decay curve is well fitted by the sum of two exponential
functions, and the obtained decay time constants are 1.4 and 3.8 ms. Such constants would
originate from the CT from Ti*" ions to O?~ ions.(?>-2%)

Figure 2(a) shows the scintillation spectrum and decay curve of Ba-fresnoite. The scintillation
spectrum of Ba-fresnoite shows a broad emission band in the range of 300—650 nm. To confirm
the emission origin, the scintillation decay time profile was measured. The scintillation decay
curve is well fitted by the sum of two exponential functions, and the observed decay time
constants are 1.0 and 3.7 ms. Since the obtained values are comparable to the PL decay time
constants, these constants originate from the CT from Ti*" ions to O? ions. Thus, the emission
band observed in the scintillation spectrum would also be ascribed to the CT from Ti*" ions to
O? ions. Comparison with other materials indicates the decay time constant of Ba-fresnoite is
longer than that of commercial scintillators and is comparable to that of scintillators studied in
the past for current-type detectors.(!:27-2%) Figure 2(b) shows the PHS of Ba-fresnoite. Bi;Ge;0,,
(BGO) with a light yield (LY) of 8000 photons/MeV was used as a reference sample. Ba-fresnoite
shows a photoabsorption peak at 194 ch. By comparing with the peak channel of BGO and the
quantum efficiency of PMTs, the LY of Ba-fresnoite is calculated to be 5100 photons/MeV.

4. Conclusions
In this study, a Ba-fresnoite single crystal was synthesized and its performance as a

scintillator was evaluated. The scintillation spectrum of Ba-fresnoite shows a broad emission
band in the range of 300—-650 nm, which originates from the CT from Ti*" ions to O®" ions. In
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the pulse height spectra, the LY of Ba-fresnoite is estimated to be 5100 photons/MeV. Ba-
fresnoite shows promise as a scintillator since the emission wavelength matches the wavelength
sensitivity of PMTs. However, the LY is currently inferior to that of commercially available
scintillators. In future work, the LY could be improved by incorporating rare-earth elements as
dopant ions.
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