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Abstract

Small samples of BaF2 scintillator have been irradiated in a
high-energy proton beam with doses of up to 1.3x107 rads. To the

precision of our measurement there was no effect in the scintillation

output and only a slight decrease in transmission was observed.



13 INTRODUCTION

There is a growing 1ntersst in radiation hardness of materials
to be used as sensitive detecting media in presently constructed
detectors, and for future machines such as LEP, SLC, HERA, 35C, =<tc.
Recently, results of new studies on radiation damage of materials
such as scintillating glass (1), silicon microstrip detectcrs(2), and
nismuth germanate (BGO) {3-7), nave appeared. Such studies are in
progress on radiation resistant cerium OXlde (Cc203) scintiilating
fivers (8) as well. There is also a cecntincus, though uncorrelated,
aclivity in understanding and solving raaiation inauced agelng

effects in gaseous detectors.

Our interest in BaF, is due to its unigque propertics which nave
been satudied over the last few years (9-11). It has two emission
spectra. The siow component nas a decay constant of 520ns and peaks
at 310nm. The fast scintillation component has a decay constant of
only 0.9 ns, peaking at 220 nm, which c¢an be detected with a
photosensitive wire chamber (12-16). Recently, there has bdeen a
successful operation of a test BaF, electromagnetic calorimeter {10)

and a tentative proposal s a forward calorimeter for the 5SC (17).



Z) EVALUATION OF THE BaF. SAMPLES

Three disc-shaped BaF, crystals produced by Harshaw (17) were

irradiated with 80CQ GeV/c protons in the Neutrino East beam llne at
Fermilab during June, 1984, Crystais numbers 1 and 2 were 38 mm 1n
diameter and 4 mm thick. They accumulated radiation doses of Z.4x10°
ana 5.6x10° Rads, rsspectively. The third crystal, 22 mm in diameter
and 5 mm thick, absorbed a local aose of 1.3%x107 Rads.This was
achieved by passing 1.7x10°" protonsg through & 4% mm x © mm spot. Tne
total integratea beam intensity, and the position of the irradiated
Spot oOn Lthe cCrystals, were monitored oy means of induceq
radioactivity in copper activation folls, and by beam monitors. In

the case of the third c¢rystal, the beam-spot wes of & siightly

elongatsd shape, and off center Dy about b mm.

Beczuse no traces of any coleor centers were seen in the <rystal
itself, and because of the primary importance of the localization of
the irradiated reglon in the corystai, & Sscan of the 1nduced
radioactivity 1in the crystal was performed. The crystal was ccoupled
to an RCA  C31000M Z-inch  photcomultiplier. Tne colncidence rate
belween this scintillator and a second BaF2 scintillator, coupled Lo
an 1/2-inch Hamamatsu R2076 pnotomultiplier, was measured in thne
geometry of Fig. 1. By scanning the irradiated crystal througn the
2.5 mm diameter collimator hole, the induced radicactivity could be
monitored as a functicn of peosition., Filgure 2 shows the result of

the radloactivity scan along the axis marked with a line in the Fig.



1. This measurensnt confilrmed the accuracy 1in the Deam-3pot

localization by activation folls.

Frcm a gamma spectrometry analysis using a Ge{lLi) detector, it
was found that after U weeks most of the radicactivity was due to
£5-139 and Ba-131 isotcpes, &l about 200 nanocuries each (19). S1x

montns later, the main residual activity was dus to Cs-134 (-5 nCi).

Twe of the three irraaizted crystals, numbers 2 and 3, were
chneckea for radistion effects. The response of each crystal to the
excitation by a collimated beam of 511 keV annihilation gamma rays
(from Na-22 source) was studied. The same colncigence gecmwiry of
Fig. 1 was used. The fast compocnent and total light output from the
crystal Welre Mmeasured simultaneously. After splitting =ne
photomultiplier signal in a linear fapnout, two integrating CAMAC
ADC's were used: a LeCroy 22494 and a Lelroy 2249 were used for the
fast and total light cutput, respectively. The time gates t¢o these
ADC's were appliea using the output of the second scintillator in
coincidence with the irradiated crystal. 1In this way a cut against
background (mainly cus to Tne induced ragicactivity in the crystal)

Wwas obtained, The ates were of 40 ns and 2.5 LS wldth,

[+

respectively, with the start of the short gate advanced by 30 ns s¢

that only the fast component was ilncluded.



In order to facilitate a precise measurement of tne changes 1n
the output of tne fast component, the 517 keV photopeak events of the
pulse-helght spectrum were selected. This was achieved by 4accepting
only the fast component signals that correspond to the photopeak
events from the total light output. The result of this procedure 1is
shown in Fig. 3. The measured pulse-height spectra of the tctal
light cutput and of just the fast component are presented in figures
3A and 3C, respectively. Figure 3D shows the spectrum of fast
component events wnich ccrrespond to events in the 511 <e¥ photopeak
in the total light spectrum (Fig. 3B). There was only a small
effect founa on the width of the fast <component photopeak specirum
when changing the width of the energy window on the total light

output .

The light output was optimized by taping the crystals with
teflen tape and then Dby using an optical coupling fluid (General
Electric Viscosil 600,000 silicon fluirdi. Teflon Lape alone
increased the amount of collected lignt for the fast {total)
component by a factor of 2.4 (1.9). The final improvement facLor was
4,0 {3.2) with tne addition of optical coupling, as compared to the

"pare!" crystal situaticn,

Afrer thls optimization, tne mean number of pnotoelectrons 1n
the Ffast component was measured to be about 75 in the 511 keV
photopeak, This result is in sgresment with tne estimate of &0

pnotoelectrons obtalned by Wong, et al (10), and is consistent with



the energy resolution of 24-25 % FWHiM oeasured by us (Fig. 3D).
Laval, et al (9) obtained about 200 electrons/511 keV in the fast
conponent, but they used precisely polished crystals of nhign puriiy,
codted with A1203 reflecting powder. On the cother hand, we fcund
that the photoelectron yleld of the fast component is equal to about
20% of the <total light yield in agreement with Laval, =2t al, whiie
Wong, et al measured a value of apout 10%. One should point out here
that it 1s not only the guantum efficiency of the photomultiplier
used thnat is important, but also a collection efficiency of the fast
pnotoelectrons coriginated from UV photens, that plays an important
role. Moszynski, et al (11) have found strong differences, of up to
a factor of 3, in the ccllection efficiency of fast photoelecirons
for two types of photomultipliers. (High collection efficiency was

obtained with the Phillips XP2020Q photomultiplier).

The crucial check performed on the crystal number 3 (with the
highest dose), was to compare tine respense Lo the 511 keV gammas from
irragdiated and non-irradiated parts of the crystal. The first
posivion wdas in the middle of the {rradiacted spot {ie 6.3 mm off the
center) and the second, symmetrically on the other side of <tne
crystal (Fig. 1), To correct for asymmetry effects in the
photomultiplier response {of the order of 2-5%) measurements were
repeated with the crystal rotated by 180 degrees. The first
mEdsurements were made 7~8 weeks after the 1rradiation witn no
evigence of radiation damage found In either the fast or slow

components of wrie light output. This 13 with a % neasurement



preclsion.

Measuremsents on radiation hardness of BaF2 used as uv
transmitting windows were aone some time ago (20)., After irradiation
with 1 and 2 MeV electrons to doses of up to 2x10° Rads, only a very
small change 1n Transmissicn properties of BaF2 windows were
observea, It should be pointed ocut here that in the case of
scintillators raaiation effects  are first seen in the transmission
properties of the material and not in the scintillation process
tLsell, For example, 1in the above mentlcned cases of BGO (3) and
C5203 class (8), a shift in the snort wavelength transmission eage
towards longer wavelengths was mainly observed. An apparent decrease

in the scintillation yigld resulcts, dus to 1ncreased self-absorpuicn

of the scintillation light.

Recently we have obLalned a spectropnctometer and have thus been
able to ac transmission tests of the BaF2 samples. FResults obtained
3ix months after the irradiaticn, are shown in Fig. 4. Transmission
curves were measured 1n the irradiateq spot of crystal 3 and in the
symmetrically placed nonirradiated region. The monochromator beam
was collimated to z.3 mm in Qiamever. We observed a4 small difference
in transmission, of about 0.5%, in the region frem 240 nm and up.
This could be atiributed to systematlc measurement errors, thougn it

is consistent with the results of the above mentioned study(20),



3} SUMMARY

From our "one experimental polnt” measwrement 1t appears Laat
8aF, is the most radiation nard scintillator in the literature. But
as 1n the case of BGO crystals, studies performed with the large-size
long crystals (5-7) have found that they are mucn more sensitive to
accumulated radiation dcses than previously expected from
measurements acne with small samples (3). Thus the results presented
here, cbtained with small crystals of Ban, shouid be considered ocnly
as a sericus indication of the radiation hardness of this material.

Also our measurements were made sorie time after irradiaticon and thus

we were insensitive to damage with a short recovery time.

To further study radiation nardness of BaF2 Wwe al'e  presently
prepering a series of tests in collaboration with Idaho National
mngineering Laboratory. The samples of 3aF, c¢rystals of differeént

sizes will be irradiated in gamma and neutron beans.
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12
FIGURE CAPTIONS

Figure 1. Expsrinental darrangement to test the irraciatea crystals

in the gamma-gamma coincidence geometry with a second

BaF, getector.

Figure 2. Result of the radiocactlivity scan in the crystal

number 3 as measured in the geometry of Fig. 1.

Figure 3. Crystal #3 pulse-height spectra for 511keV photons.
The photons were collimated in the center of the irradiated

Spot:

A) Toval light output,

B2) Photcpeak only;

C) Fast component, and

D) Fast component photopeak only.

The energy resclution for the photopeak
in the fast component is 25% FWHM.

Figure 4. Transmission curves measured in the center of the irradiated

spot and in the nonirradiated region of the crystal #3.
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