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PbWO, crystals doped with BaF, was grown up by using modified temperature-grads
technique. The crystal defects were investigated by chemical etching. The XRD of the
sample has shown that the peaks were at normal sites, but the lattice parameters was
slightly larger than that of pure PbWO, crystal. The transmittance spectrum along c axis
of the PoWO,:BaF, crystal has evidenced a higher transmittance than that of pure PbWO,
crystal. The luminescence intensity of the 400—450 nm peak in X-ray excited luminescence
spectrum of the PbWO,:BaF, crystal is increased significantly, about twice than that of
pure PoWO, crystal. The light yield of BaF, doped PbWO, crystal was enhanced up to
2.5 times. These results show that BaF, doping of PbWO, can improve scintillation
properties of the crystal for medium-energy particle detection.

Bripamena naprusa kpucrannos PbWO,, neruposannnix BaF,, ¢ npumenenmem mopu-
unupoBaHHOro cuocofa TeMIIePATYyPHBLIX IPagueHToB. JledeKTh B KPUCTAJNIAX HCCJIe-
JOBAHBLI METOJOM XUMHUUYECKOI'0 TpaBjeHUs. Perrredorpadgusa o6pasosB [1oKasaja, 4To
NUKY UMeJau OOBIUHOE PACIIOJNOMKEHNEe, OJHAKO IIapaMeTpPhbl PEeNIeTKU HEeCKOJbKO IIPEeBHI-
ImIaou mapaMerpel Aaa Kpucramna uucroro PbWO,. CmexTp mpomycKaHus BIOJIb OCH C
kpuctanna PbWO,: BaF,cBugerenscTBoBan o moBeImIeENu Kod()(QUINEHTa IPONYCKAHUI
o cpaBHeHHI0 ¢ Kpucramaom uucroro PoWO,. IHTeHCHBHOCTh NMHUKa JTIOMUHECIEHIUH C
makcumymom B o6mactu 400-450 HM B cIeKTpe PEHTTEHOJNIOMUHECIEHIIUN yBeJNdYUBa-
Jach IIOYTH BJBOE II0 CPABHEHHIO ¢ Kpucrasnom uucToro PbWO,. CeeroBrixos kpucTaina
PbWO,, neruposannoro BaF,, mosermanca B 2,5 pasa. 9Tu pPe3yabTaThl IOKA3LIBAIOT, UTO
neruposanne PbWO,: BaF, moxer ynyuymuTs CHUHTHUIJIANMOHHBIE XapPaKTEePUCTUKHI
Kpucrajiaa. Kpucrajia mosker paccMaTpuBaTheid KaK MEPCIEKTUBHBIN MaTepuaj AJSA Je-
TEKTOPOB YACTHUII CPeSHEel SHepPruu.
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Because of its remarkable scintillation
character with short decay time, high den-
sity and high radiation resistance, PbOWO,
(PWO) crystal was chosen as scintillator in
high energy physics experiments such as
LHC and ALICE at CERN, BTEV at Fermi
Lab, PANDA at Darmstadt and so on [1-6].
But the application of this crystal in the
quickly growing market of X-ray transmis-
sion devices for medical diagnostics (CT)
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and various fields such as in PET and me-
dium-energy particle detectors, is rather
problematic due to low scintillation light
yield (LY), which is more than two orders
of magnitude less than that of Nal (Tl). The
increase of LY of PWO by several times
would open up a wide field of practical ap-
plications for this material [7]. In order to
improve its LY, many works had been done
to dope PWO with some special impurities.
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Fig. 1.

The PWO doped or co-doped with Mo, Cd,
Ca, Nb, Sb were found to have higher light
yields than pure PWO crystal in finite ex-
tent, and their decay times are increased,
respectively [8-9]. In this work, a new at-
tempt to use BaF, as a dopant in PWO crys-
tal is reported. The significant LY increase
and improved transmittance evidence the
excellent scintillation properties of the
PobWOQO,: BaF, crystal. Hence, PbWO,: BaF,
crystal may be of promise for medium-en-
ergy particle detector.

PWO doped with BaF, was grown along
<001> orientation using modified Czochral-
ski technique. The BaF, content in the melt
was about 2000 ppm. The growth rate was
0.6 mm/h. The axial temperature gradient
at the growing solid-melt boundary was
about 30 deg/cm. The crystals are all color-
less and fully transparent as is seen in
Fig. 1. Using Si crystal as a reference, the
crystal structure was investigated at room
tempreture X-ray diffraction technique, the
results being shown in Fig. 2. One of the
crystals was cut into 20x20x25 mm3 sam-
ples to measure its transmittance spectrum
while the others were cut into
25%x25%x200 mm3 samples. All of the samples
were finely polished. The transmittance was
measured using a SHIMADZU UV2501(PC)S
spectrometer. The results obtained are
shown in Fig. 3. The X-ray excited lumines-
cence was measured using a X-ray Excited
Luminescence Spectrometer, and the results
were shown in Fig. 4. The light yield at
room temperature was measured using a
HAMAMATSU Photomultiplier Tube
(R2059PMT) which has a bialkali photo-
cathode and quartz window. A collimated
y-ray source, such as %9Co or 137Cs, was
used to excite the sample. The results are
shown in Table.

Fig. 2 presents an X-ray diffraction pat-
tern of PbWO,: BaF, crystal powder at room
temperature. All the peaks in this Figure
agree with those of the pure PWO crystal.
From the Figure, the lattice parameters of
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Fig. 2. X-ray diffraction pattern of PbOWO,: BaF,
crystal powder.
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Fig. 8. Transmittance of a PoWO,: BaF, crystal
along ¢ axis (sample size 20x20x25 mm3).

this crystal were calculate. Those are: a = b
= 5.4638 A, and ¢ = 12.043 A, thus coinci-
dent with the characteristics of PWO crys-
tal belonging to the C,4,5-1,; ,, space group.
The unit cell volume is 359.53 A3, which is
slightly larger than that of pure PWO crys-
tal. Thus, the Ba2* and F~ ions expand the
PWO crystal cell. This result should be as-
cribed to the facts that the bond value of F~
ions is equal to one OZ~ ion, thus, more ions
are pulled into the cell by the Coulomb
forces to maintain the equal bond value in
the cell, and so cause the cell expansion.

Fig. 8 is a transmittance spectrum of a
20x20x25 mm3 PbWO,: BaF, crystal sample
along ¢ axis. The absorption edge is at
330 nm. Transmittance is 65 % at 360 nm,
70 % at 420 nm, and up to 76 % at
650 nm, what is slightly higher than that
of pure PWO crystal and exceeds the re-
quirement of CERN [10]. The improved
transmittance is favorable for the scintilla-
tion properties of the crystal. There is no
absorption peaks in the wavelength range
from 330 to 700 nm.

Fig. 4 presents an X-ray excited lumines-
cence spectrum of a PoWO,: BaF, crystal at
room temperature. There is a luminescence
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Table. Light yield of pure PWO and
PWO:BaF, crystals

Light yield |Pure PWO|BaF,:PWO| Sample
size, mm
L.Y./200 ns 21 52 20x20x25
(p-e./MeV)
% [CBGO as 2.8 % ~6.9 % 20x6x6
1001

band peaked at 400—450 nm, which agrees
with that of pure PWO crystal, but the
wavelength is shorter than that of the re-
spective peak of PWO crystal in this wave-
length range. However, the luminescence
intensity is increased significantly (up to 2
times) as compared to that of pure PWO.
There is no luminescence peak in the wave-
length range from 500 to 600 nm that is
one of the characteristic peaks of pure PWO
crystal in green wavelength range. The
three facts, the shorter peak wavelength,
the sharply increased luminescence inten-
sity and the disappearance of characteristic
peak at green wavelength range, show the
evident improvement of luminescence prop-
erties of PWO crystal.

Table presents the LY of PbWO,: BaF,
crystal and pure PWO crystal at 200 ns at
room temperature. It is seen that the LY of
PbWO,: BaF, crystal is increased up to
52 p.e./MeV, which is about 2.5 times
higher than the LY of pure PWO crystal. It
attains 6.9 % as compared to the LY of
BGO crystal, but the percentage LY wvalue
pure PWO crystal is only 2.8 % as shown
in the Table. The LY increase in doped with
BaF, is effective and significant. Since the
LY of PWO crystal reaches 8 % of that of
BGO crystal, it can be used as scintillator in
medical CT instrument, PET et al.

Basing on the above facts, it can be
stated that BaF, is successfully doped into
PWO crystal, and Ba2* and F~ ions, espe-
cially the F~ ions, effect considerably the
luminescence intensity and LY of PWO
crystal. For the facts that there are no re-
markably differences on the bond value and
ion radii comparing with Ba2* and Pb2*
ions, but they are markedly different com-
paring with one 0%~ and two F~ ions, we
presumed that the significant differences
are mainly induced by the fact that about
two F~ ions occupying one 02~ site in PWO
crystal. A.Borisevich et al. [3] also found
similar effects on the scintillation proper-
ties in PbF, doped PWO crystal, but the
effect is weaker than that in PbWO,: BaF,
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Fig. 4. X-ray excited luminescence spectrum of
a PbWO,: BaF, crystal at room temperature.

crystal. Those authors believe also that the
main reason should come from the fact that
F~ occupying O?~ site.

Thus the large-size PWO crystals doped
with BaF, were successfully grown up by
modified Czochralski technique. The lattice
parameters of PbWO,: BaF, are larger than
those of pure PWO. This phenomenon may
be attributed to Ba2* and F-, which cause
the PWO lattice distortion. The preliminary
measurement results show that PWO crystal
doping with BaF, can improve the spectro-
scopic and scintillation properties. Perhaps
the scintillation properties of PbWO,: BaF,
will be further improved by the optimiza-
tion of growth parameters.
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Bnaus BaF, Ha cumHETHIANiIH]I BIacTHBOCTI KpHCTAIiB
PbWO,

IO6ao Bawn, II3any3ine Yacan, Kyxwons By,
Canga I]3ins, Ci Anev

Kpucranu PbWO,, merosani BaF,, supomeni 3 sacrocysanram mozpudirosaHoro crmocoby
TeMIlepaTypHUX IrpafieHTiB. [JedekTn y Kpucransax JOCIiAKeHO MeTOJOM XiMiuHOro TpaBjeH-
Ha. Penrtrenorpagia spaskiB mokasaja, o iKW MajJu 3BUYalHe PO3TANTyBaHHA, OJHAK
IIapaMeTpPH TPaTKY [Jel[o IepeBUINYyBaJu IapaMerpu ajaa Kpucrana uuctoro PbWO,. Coextp
IPOIyCKAaHHSA B3LOBXK oci ¢ kpucrama PbWO,: BaF, ceiguus npo migsumenna kxoedimienra
IPONYCKAHHA y IOpiBHAHHI 3 Kpucramom umcroro PbWO,. InrencuBmicTs mika mnominme-
cuennii 3 makcumymom y mexxax 400-450 M y crnekTpi perTreHosmmoMinecneHnii 30iabiry-
BajacsA MaiisKe yABiui y mopiBEAHHI 3 Kpucramom umcroro PbWO,. Csirmosuxiz kpucrama
PbWO,, nerosanoro BaF,, migsumysasca y 2,5 pasu. IIi pesynpTaTn cBiguaTh, 4TO JEryBaH-
ua PbWO, BaF, mose moxpamuTu CHUHTHIANIIH] XapaKTepUCTUKN KPHCTANIA JJIA TETeKTY-
BaHHA YACTUHOK CePeJHBbOI eHeprii.
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