


Increasing interest in BqFZ erystals as scintillsters for gamma-
ray spectroscopy is caused by their attractive preoperties /1-3/: short
radiation length (X =2.05 cm), high density (§=4.88 g/cm’) as well as
high light cutput and detection efficiency. Eecause of its fast compo-
nent { A =220 nm, T'=600 ps), the Ba¥, crystal cffers time resolution
several times better than KaI(Ilj at the expense of slightly wcrse
energy resolution. The presence of the fast component allows very good
timing characteristics comparable tv those obtained with a fast plas-
tic scintillator. A practical -advantage of BaF2 is its mecharical and
chemical stability. The ecrystal is nonhygroscopic and resistant to ra-
dlation damage., For application in gamma-rey spectroscepy, it is also
important that the mean neutron capture cross section of bharium for low
energy neutrons is mere than 16 times lower than that of icdine,

Measurements of the UV light from the EaFZ scintillator must be
made with a quartz-window photomultiplier having a photocatede witk a'
good responae in the UV region /4/. Recently, the investirations of
the barium fluoride crystals working with p-terphenyl wavelength shif.
ter /5,6/ have shown that an efficient shifting of the UV light into
the visible regicn, where conventional photomultipliers work, is pos-
sible. It has been alsc shown /7/ that p-p' diphenylstilbene evapora-
ted on a one side of the BaF2 crystal shifts the wavelength of the fast
cemponent ts the region of visible light (fast emission wavelength com-
ponent of Ba?2+diphenylstilbene waa shown to be about 410 nm). Both
the energy and %ime resclution were found te be only slightly poorer
than those of the pure BaF2 scintillator,

During the last few years the progress in growlng large Ba?2
crystals has been made. It makee possible %o use scintillators of this
type in 4K "crystal ball™ detection systems /3,8/ and to bulld the
electromagnetic calorimeters with layers of the EaF2 crystals eoupled
to multiwlre proportional chambers /9/, as well. The performance of
thick EaF2 scintillators as detectors for gamma-rays and light charged
particles have also been tested /10/: it has been shown that signals
due to gamma-rays and different light particles with BaF2 crystale of
large volume can be electronically diseriminated. It hae been alsoc re-
parted on the first experience with large volume EaF2 avplications to
in-beam gamma-ray spectroscopy /f11/. Recently, we have reported on the
application of the large volume BaF, scintillators to off-line gamma-
ray spectroscopy. Using the scintillater of this type and cenvertional



clectronics, we have measuled %he cross sections of the monjtnring
reartions 27A1(partic]e,x)24Na and 1?C(particle.x)11c at relativistic
erergies via the induced “*Ra /12/ and ''C /13/ activity in the frv.
diated sluminivm and graphite turgets, respectively.

Reparding the application of BaF2 scintillators in the futyre
experlments on high-cuergy physics at the Latvoratory of High Enerpies,
scintillation characteristics of JINR (prcﬁuced i1 the U.5,8.R. and
Czechnsluvakia) large valume BaF2 crystals have been carefully measu-
red. A part of these measurements have been performed at the Delft
University of Technology, the Netherlands.

First, the influence of Pb2+ contamination has been stulied. The
BaF2 cryatals, with different dimensions, have been tested for their
optical transformaticn between 180 and 400 nm. Samples were irradfated
by X-raye from a 35 kV ¥-ray generator to measure their emiasien spec-
tra. A @ip in the emisaion spectrum situated at 250 nm (between the
emission maxims at 19% and 220 nm) and an extra emission band centered
at 260 nm iz an indicatlon of the presence of Fpe* lons in the ecrystal
/147, If this effect is large, 1t can affect the faat scintillation
output of a e¢rystal. In scome crystals we found emall concentratlons of
Pb2*, being, however, of only a few PPm. As an example of PB2* conta-
mination in crystal of 15.5%x3x3 cm3. Filg.1 1llustrates a typical sein-
tillation emission spectrum containing Pb2* transition peak 3P1—1S
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Fig.1. Secintillation emission spectrum of Ban
cample 18,5x3x3 cm’ contamined with Fu2* iong.



Kext, scintilleticn crystals were mounted on the window of a
XP 2020 Q photomultiplier using optical courling compound (Bayer Siii-
ton Compound M 1.000.000). The sides of the crystals were wrapped with
reflective teflon tape (0.1 mm thick). The photomultiplier was cpera-
ted at -2 kV. The signal of the PMT was fed intc a preamplifier (TU
Delft) with a switchable signal attenuator of 10.5510.10 Subsequent-
1y the signal was amplified using a Canberra model 4013 main amplifier
with a shaping time cof € pa. The amplification factor could be changed
from 10-32-100-3C0-1000-3C00 (calibrated). "Oscillossope image" of the
signals (fast and slow, respectively) from 21.5%x3x3 cm’ BaF2 crystal
when irradiated with a 17 Cs gamma-ray source {662 keV) is displayed
in Fig.2. The pulse height spectrum for 662 keV gamma-rays is given
in Fig.3. The 13705 source (AMERSHAM,UK,set Yo 2071) was positioned
4 cm above the axis of the crystal. The resclutien is 12.T%.

By measuring the signal photcelectron srectrum (photcelectrons
thermally emitted by the cathode of the PMT) using & high amplifica-
tion factor of the main amplifier (BOOO) withiout the attenuator, the
photoelectron yield for a certain scintillater was determined /157,

Fig.2a "Slow" signal from the Filg.2b "Fast"™ signal from

21.5x3x3 cm3 BaF2 crystal the same crystal.

irradiated with 662 keV 137Cg

galha-ray source.

The single photoelectron spectrum is presented in Fig.4. As a referen-~
ce crystal we considered a Harshaw BaF2 scintillation crystal with a
diameter of 30 mm and a thickness uf‘e mzn. The total number of photo-
electrons per MeV (fast+sluw) was 2160, which is in good agreement
with literature. The total number of phe/MeV for a large scintillation
crystal (21.5x3x3 cmz) was found to be 850, which compared to the 8 mm
thick reference cryatal is equivelent to a decrease in the total light
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Fig.3. Pulse-helight &pectrum of the 21.5x3x3 en’ BaF,
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irradisted with 652 keV 137 Cs gamma-Tray source.
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Fig.4. Single photoelectiron spectrum,



Table 1 Energy resclution for a 21.5%3%5 cm’ EaF2 scintillatox

Gamma-ray source Energy /keV¥/  Energy resolution /[¥/ W
157cs 662 V2.9
ey gog 1.1
€0gq 1173 9.7
6Cs 1334 5.2
88y 1836 8.0
228m, 2614 6.5
24 imeBe 4440 5.5

Table 2 Energy resolution for a 9.6x2.8x2.C em’ Bal“2 crystal
measured at crystal temperatures for 243 and 293 K

Energy /keV/ Temperature /K/ Energy resoluticn /%
662 293 13.5
€62 247 1.0
4440 293 6.5
444G 243 4.0

Tatle 3 Abscrption coefficlents of BaF, crystals

Wavelength }, /nm/ Abscrpt@on 1 Reflecticn
coefficient K} fem™ '/ correction qs
220 0.17 0.040
300 3.0% 0.0358
400 0.04 0.C%4
T00 0.02 0.032

Table 1 Refraction index of BaF, crystals

‘Aavelength A /nm/ Refraction Iindex 22

265.2 1.51217
325.64 1.49521




output of a facter 2.54 . It must be realized that 98% of 662 keV
gamma-rays is nbsorbed in 10 em BaF2 material /i6/, Assuming that the
intensity of the signal on the fast cscilloscope is representative for
the fast scintillation intensity, we can estimate the fast scintilla-
tion intensity of the 21.5 em thick BaF, crystal as 90 rhe/MeV gamma-
rays. This yileld holds only for gamma-rays entering the crystal through
the long axls of the cryatal: due to the larger peneiration of higher
energy gamma-rays, the yfeld will prodably increase with Increasing
gammaz-ray Energy.

The tests perfeormed at the JINR have been made with FEU-140 photo-
multiplier tube using the same opticsl coupling compared as given above,
The FEU-140 PMT was operated at -1.95 kV.

The energy resclution has been determined in the energy range
between 662 keV and 4.44 MeV. The results for the 271.5x3x3 cm3 BaPF
sample are compiled in Table 1. It has been alsc verified that the
energy resolution of BaF2 gcintillation detectors can be improved by
eooling the crystal, The results of temperature dependence for a 9.6x
x2.,6x2.8 cm3 BaF2 sample are summarized ln Table 2. Finally, the mea-
sured dptleal properties of a 12x3x3 cm3 BaF2 sample are diaplayed In
Tables 3 and 4, respectively. It has been also verified that the radi-
ation stablility of crystals under study is very good (109 rad). Regults
of this inveatigation as well as measurements of the efficiencies for
gamma-rays and various particles will be publliczhed elsewhere.

Concluding, we can say that large wvolume B?Fg crystals from JINR
are of good quality. It should be noted that the energy resclution can
be improved by using a selected photomultiplier with a higher quantum
efficiency than XP 2020 Q or FEU-140C. Tested BaF2 seintillators have
been found to be very perspective tools for high-energy physics expe-
riments planned in the neal future at JINR, particularly with these
connected with AE-E particle identification, 4% crystal ball and calo-
rimeter techniques, as well.
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