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Abstract

Britviah G.I. et al. Radiation Damage Studies on Polystyrene—
Based Sointillators' IHEP Preprint 91-187. - Protvino, 1991. -
p. 11, tables 6, fig.t.

The radiation resistance of polystyrene-based sointillators
containing various sointillation sclutes 1ie reported. All

pamples were Irradiated to 13,703 rays in alr at room
temperature. The examination of radiation resistance of about
thirty flucresocence compounds has been made. The moet radiation-
chard fluors are X25, X31, 3HF end N3HF.
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INTRODUCTION

During last few years the iInterest in the radiation-resis-
tant scintillators has renewed for  the application 1n scin-
tillator-based particle detectors at new high energy ac-
celerators SSC, IHC and UNK. 48 has been pointed out elsewhere
{11, polystyrene (PS) 1s not a sufficlent - solvent Ior
scintillation solutes 1n terms of high radiation reslstance
(polyvinyltoluene (FVT) has similar properties). But owing to
the = fact that polystyrene 1s the basils for a series of low
low cost and efficient plastic scintlllators, studles on
radiation hardness of polystyrene-bmsed scintillators PSSC)
have been the subJect of many recent investigations (see review
[21). Scintillation solutes which increase radiation resistance
of PSSC were reported in papers [3-6].

Radiation hardness of an organic scintillator and 11ts
TECOVETY  [I0CEBS are strongly Influenced by conditions
(temperature and presence of oXygen) under which 1t 1s
Irradilated . This 18 the reason that in the studies of the
radlation resilstance the samples were held not only under normal
conditions (air, room temperature). For example, the samples
used in the eYperiments reported in (3,41 were heated at 50°C
during both the irradiation and recovery periocds. In papers
(5,61 during irradiation the sampleg were maintained In nitrogen
atmosphere, and in {6) were held at 5°C . In present paper the
study of the radliation hardness of P35C doped with varilous
Iluors was carried out under normsl conditions. Ore may expect
that a PSSC which 1s radiation-resistant In alr, will be also
more stable 1n oxygen Iree atmosphere.”



Since a decrease 1n the Llght output of small plastic
samples 1s mainly due to a decrease in a local scintillation
yield of the sclutllietor rather than to the reducilon In the
optical iransmission of the sample 7], in the search of
radiatlon- rvesistant PSSC the main atteniion was pald tc the
light output measursments. Horeover the optical transmission
ieeasurements of the B-mm thick sampies (which were used 1n this
study) may give only qualitative estimation for ihe decrease in
the Iight sbaorption lengthe of long fibres and bers (iens of cm
or a Tew meters).

1. EXPERIMENTAL

The monomer was deinhibited through a columm, distilled in
vacuum, placed in a ¢ylindrical glass container, and dyes were
added. Then the solutlon was deoxygenated, the container sealed
off and the material polymerized in & silicone oll bath at 170°C
for 24 nours. The material was then machined to polished disks
0f 25-mm diameter and 5-mn thickness.

The sampies were lrradiated with a '°7Cs source (20 krad/h)
iIn air at room femperaturs. The light output measurements were
made using FEU-110 photomultiplier (PM) -with tri-alkaline
photocathode (maximum of gensitivity at A = 480:15 nm). The test
samples were coupled to the PM (without optical contact) and
exposed to a OSr source, then the anode current of the PM was
compared t¢ thai obtailned for a standard PSSC (2% pTP + 0.025%
POPOP). Since the scintiliation yileld of the PSSC can vary
depending upon a set of parameiers of polymer matrix such as
concentration of resldusl monomer, meolecular welght, structure
of polymer chaln, etc. (dlstribution for the scintillation
yleldg has the width = 5-10%), one of the several samples with
standard formilation was referred to as the standard sample with
the 100% llght output.

- 2. RESULTS

The experlmental resulis are presenied in itables 1-6 and in
fig. 1. Formulae of the Zluors used and their peak absorption
and emission wavelengihs are listed 1In the Appendix.
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First of all we have Investlgated the radiation resistance
of PSSCs doped with well known fluors. These respulis are
presented 1n Tables 1-3. Samples presented In Table 1 were
irradiated to two different doses of 3.3 Mrad and 14.3 Mrad. The
samples Nos. 7-10 have a PVI base. L, 1s the relatlive "11ght
output (in percent) before irradiation, L - after irradiaticn.
.L/L is the 1light output normalized relative to the scintilletor
pre-irradiation value (in percent). Two last columms of Table 1
list the values of L/L, after 3 months and after 10 months of
recovery in alr at room iemperature. From Table 1 one finds the
low radiation resistance of uliraviclet scintillators (Nos.
8-10) and samples contalning pyrazolines DBP. and mPDP (Nos.
i1-13) or benzoxazole derivative BO (No. 14). The same
conclusicons can be drawn from Table 3.

The 1light outputs of scintillators contaj.ning only POPOF
without any primary scintillation solute before and after 14.3
Mrad irradistion dose are given In Table 2. The recovery after 3 |
and 10 months 1s also shown. The absence of primary
scintillation solute does not change significantly the radiation
registance of PSSC.



Table 1. Relative scintillatlon light outputs of polystyrene—
baged and polyvinyltolusne-based scintillaters  be—
fore (L.} and after irradiation {(L). The values of

L/LO (%) after 3 and 10 monthe of recovery are
listed in two last oolummns

L /L 1L/L L/L | /L

. o Q Q o o

¥o Scintillator 3.3014.3] 3m |10 m
% |Mrad|Mrad{ rec.irec.

1 z.0% PPO + G.10 % POPOP a7 55 21 46 44
2 1.5% pTP + 0.01 % POPOP a7 67 23 25 21
3 2.0% pIP + 0.01 % POPOP az 5T 26 45 3e
4 PYT + 2.0% pTF + 0.01% POPOP| 89 73 29 45 45
5 2.0% PBD + 0.01% POPCP 103 70 32 43 42
& 1.5% PBD + 0.01% POPQP 88 65 30 43 43
7 YT + 2% PBD + 0.01% POPOP 100 T2 a7 48 45
1] PV + 2.0% PBD ) €8 G2 24 32 26
g ! PYVT + 3.0% PBD 68 | 62 | 25 | 33 26
10 | 2.0% PPO 58 | 53 | 24 | 30 24
11 1.5% pTP + 0.01% DBP E] 49 23 17 6.5
12 | 1.5% PPO + 0.01% mPnP TT 1 48 | 19 | 27 24
13 2.0% pTP + 0.1% mPDP 30 52 20 27 23
14 1.0% BO T 43 20 19 12

The escintillators containing BPO or PPD primary solutes
have a smeller radlation resistance relative to  the
scintillators doped with pIP, FPO or PBD (see Table 3). Sample
containing BBOT as the. secondsry solute hes the same radiation
resistance ag those doped with POPOP. Samples No. 2 and 3 (table
3) with the same concentratlons of the same fluors demonstrate
Tluctuations ¢f radiation resistance.

Table 2. Light outputs of POPOP—eonté.ining IS5Ce before and
after 14.3 Mred dose, and atter 3 and 10 months of

Tresovery
. LO L/LO L/LO I./.'E.D
HNo Sointillator 14.3 3 mon. 10 mon.
% Nrad reQov. Tenov.
1 0.1% POPOP kil 36 £3 k1
2 1.0% POFOP 31 22 L2 53




Commen polymethylmethacrylate (PNMA) scintilliators are
kmownt to be radiation-soft (T1. But the PMWA-Dbased scintillator
with high nephthialene (N) concentration (15% N + 0.4% POPOP) was
observed' to have a better radiatlion resistance than polystyrene
sample (2% pIP + 0.1% PCPOP). 4 simllar attempt to Increase
radlation resistance of PSSC by adding N and by increasing the
Tinors concentration is shewn in Table 3 (Nos. 20-24).
seintillators Nos. 20, 21, 23 and 24 have relatively hilgh
radiation stability. Sample No. 22 13 worse due to the presence
0f a pyrazoline derlvative DSP.

In paper (8! for small values of the dose the following
dependence of L on the dose D was found to de

LyLo=1 + XD, (1}

where K, is a degradation rate constant. Our e¥perimental
repulte approximately consist with eq. (1) for the dose values
up to 14 Mrad, but several samples showed some deviations from
linear dependence (1). Fig. 1 displays L /L dependence c¢n D for
standard PSSC (No. 3, table 1) and scintlllater doped with X256
as the secondary solute (No. 3. table 6).

Eg. (1) 1s similar to the dependence of L, on the
concentration of quencher g [91. One may suppose that
dependence (1) 1s due to the absorption of PS's or/and primary
solute emisslon by the radiation-induced compounds (products of
radiclysis) which ~cause fluorescent quenching, and the
concentration of these compounds 1s proportional to the dose D.

Thls consideration suggesie that the radlatlon resistance
of PSSC can be improved by additlon of e quencher. The guenched
scintillation yield 1s LOQ = LO/(1 + KQcQ) before I1rradiation,
and after 1rradlation I.Q e Lo/(i + KQ -cQ + KbD). Now Instiead of
gq. {1} we obtain

#

Log/Lg = 1 + %3 By - (2)

where K; = Ky (1 + KQCQ}. In this case one cen see a slowed down
dependence of qu/Lq on I in comparison with eq. (1) because K,
is replaced with K where K < K.

”S.A.Maiin_ovsma. Plagtic scintillator on the basge of aoryl
polymers. P.I}. Thesia, Instibtute of Monoerystals, EKharkov, 149T70.



Table 3. Iight cutpute of PSSCe for total doses of 2.3 -and
10 Mrad. L, and L - light cutpute before and afier ir-

radiation. Las% column - the value of L/L0 after 23
days of reoccvery '

T LR 7 O 7 " A
No Seintillator 12.3 | 10 123 4.
% Wrad |Mrad |recov
1 2.0% pTP + Q.01 & POPOP 851 50 25 50
2 1.5% pTP + 0.01 % POPOP 96| &7 23 45
3 1.5% pTP + 0.01 % POPOP ' 94| 56 19 42
4 2.0% pTP + 0.025% POPROP 98| 71 23 52
5 2.0% PPC + 0.50 % POFPOP 102 | 31 8 52
6 1.5% PPO + 0.01 % POPOPR 85; 42 15 43
7 0.5% PPO +.0.50 % POPQY 921 40 9 51
8 2.0% PBD + Q.01 ¥ POPOP 951 54 13 44
9 1.5% BPO + 0.026% POPQOP B4 33 g 15
10 1.0% PPL + 0.0268% POPOP 751 40 13 35
11 1.%% PPD + 0.02%% POPOR 741 42 19 40
12 1.5% pTF + 0.025% BROT ) 86 T1 a2 50
13 2.0% pTP + 0.025% PDAFPS ' T4! 51 18 37
14 0.1% 3HP 181 77 34 46
15 2.0% pTF + 0.025% AStB 451 42 15 29
16 1.5% PPO 581 29 11 28
17 1.5% pTP 431 39 18 22
18 3.0% PBD 68 36 11 32
19 2.0% BO . 871 22 12 14
20 | 10.0% PPC + (.5% POPOP ag| 73 36 67
21 15% N + 2% pTP + 10% PPO + 0.1% POPQP| 66| 92 58 62
22 1 {(21) + 0.1% DnSp 841 52 36 60
23 | 5% N + 2% pTP + 10% PPO + 0.5% POPOP| 71! 93 29 69
24 | 5% N + 2% pTP + 10% PPO + 1.0% POPOP| 72| 86 57 67
26 | 2% pTP + 0.025% POPOP + 1% BAP 221 5% 21 48

Table 4. Scintillation light outputs and the recovery pro-
cess or PSSCs before and arfter irradiation -

L {L/L_IL/L 1L/L_i%/L_11/L
. [] =] [+ =] ] [=]
No Sointillator 2 4d | 10 |23d |6m.1
% |Mrad|reo.|Mrad|reo.|rec.
1] 2.0% pTP + 0,025 % X25 T8 72 | 73 ) 53| %8 | 57
22.0% pTPF + 0.025 % X31 B85 &5 | YO | 47 | B5 | B2
3(2.0% pTP + 0.025 % POPOP 90| 42 49 29 48 49
41 1.5% pTF + 0.025 % s{PDémaP | 85| 40 | 46 | 27 | 40 | 3%
511.5% PPO + 0.025 % ofPDdmaP | 83| 34 | 38 | 25 | 34 | 39
6| 2.09 pTP + C.025 % M-NBI 32| 49 | 52 40 | 53 | 44
T(2.0% pTP + 0.025 % dmaNBI 27 45 | 41 | ~42 | 48 | 37
812.0% pPP + 0.025 % Coum. 30 | 76| 32 | 36 | 23 331 28
912.0% pTP + 0.025 % Coum. 7 63| 34 ) 3\ 23] 35 | 29
10| 2.0% pPP + 0.025% mPDP B 40 | 46 24 | 34 | 30




Such possibility to  improve the radiation resistance of
PSSC was checked up by using benzaleacetophenone (BAP, Mppe= 310
) a& a quencher. The radiation resistance of quenched sample
No. 25 (table 3) 1s not affected by the quencher and cloge to
the one of unquenched sample No. 4 (table 4). This fact means
that the ratic I;OQ/I.‘:1 is given by

Lyo/Tq = 1 + KD, L@

ingtead of eq. (2), and hence Iq = LT+ KDD)(1 b KQcQ)].
Thue we conclude that the decrease In the scintillation yield
after irradiation 1s mainly due to the destruction of the

polymer base rather than to the quenching products of the
radiclysis.

Table 5. Scintillation light outputs of PSSC before and
after irradiation and the recovery proosss

. L, I../I.o l'./Lo

No Sointillator 2.3 |5 m.
% | ¥rad |reBO.

1 1.5% pTP + 0.01 % POPQOP 92 49 76
2 [(2.0% pTP + 0.025% 3HF 50 77 a2
3 [1.5% pTP + 0.01 % DP o7 52 69
4 |[1.5% pTP + 0.01 % mBIdeaBO 106 45 59
5 [1.5% pTP + 0.01 % R9M 95 54 71
6 11.5% pTP + 0.01 % R932 T8 53 67
7 |2.0% mPBD + 0.025 % POPOP 103 27 75
8 |2.04 pTP + 0.01 PEP o2 48 57
5 2.0% 1MN + 0.025 % POPOP B0 50 65
10 | (9) + 0.3 % PPO a8 50 T3
11 0.3% PPO + 0.025 % POPOP 80 3% 63

In tables 4-6 some new PSSCE as well as known PSSCs (for
the sake of comparison) are presented. Low values .of L, for
samples Nos. € and 7 (table 4), Nog. 7 &snd 12 (table 6) are due
to low photocathode sensitivity for the red emission of these
samples. Examined best of all are X5, X31, 3HF and MIHP
Tluors. ‘

From table 4 cone rinds low radiation resistance of PSSC
contalning coumarin derivatives. It should be noted that



pyravoline derivatives sre wnol photostable, while coumaring are
photostable. There is  no  explicit  correlation between
photostebiiity snd rcadlation resistance of a Iluoregscence
compound.

The oxszole, ofadiaszole and naphthoylen-benzimldazole
derivatives erxhibit the same or less radiation resistance than
POPCY  (gee tables 4-6). Some pyragoline i and bengoxazole
derivatives (DF, K931 and R982) have the radiation resistance
not worse than POPOP-containing PS5C unllke other pyrazoline and
henzoxezole derlyatives.

Table 6, Seintillation ! i%ht outputa of PSSC bafore and after
{rradintion and their recovery.

L, | L/, | 0Ly | TIg | /T
. . 0 o | g (/T | W
o Solntilietox 2.3 | 6.6 112.3 | 3.5m
% ¥rad | Mrad | Mrad | rec.
A
1 |2.0% pIP + 0.0256% WIHP 591 77 | 60 | 41 | 55
2 12108 puP + 0.05% X2b 75 | 81 | 62 | 43 | B2
3 |2.0% pI® + 0.10% ¥25 71| 80 | 6 | 50 | 59
4 |0.18 125 350 69 | 62 | 37 | B2
5 | 0.3% X25 5| 75 | 66 | 41 | 51
& |5.0% bubyl-PBED + 0.025% POPCP | 104 | 43 | 33 | 20 | 50
7 | 208 pIE + 0.025% (maPD-NBI | 38| 42 | 2 | 21 | 58
§ |5.0% TP + 0.025% big—amaP-D { B2 | 46 | 34 | 16 | 3
5 |2.08 pTP + 0.025% effoomaP | 73 60 | 44 | 24 | 27
10 (2.0% pTP + 0.05% MI-DMAHN 75| &4 59 34 45
11 |208 PIP + 0.05% omPdaPO 88| 60 | k2 | 21 | 43
12_12:0% pIP + 0.05% DP-PHI 24| 53 | 54 | 25 | 4

e valuoe of decrease in transperency ¢! the samples was
meastred in the following marmer. The tesi sample was Inseried
netween the nor-irradiated sample and the photomdtiplier
window. Tet the anode current in thig case before irradiation of
the test pumple be I, and I 13 the anoie current alter
trradistion. Then the valu& of I/I, is the measure of optical
losses of the irradiamted sample. These losges. are small for
goses of 2-4 Mrad, for example 1/I, = 97T% for sample Ho. 1 from
taple 5 (dose of 2.3 Mrad) while L/L, = 76%. For larger dose of
12.3 Mrad (see table 6) L/I = S3% :tor sample No. t (L/Lg= 55%),
I7Tg= B0k for sample Fo. 8 (L/L 59%) and 170, = 80% Ior gample
No. & (L/Lg= 50%). Note that actua]iy the opt\cal losses In the



light output measurement are smaller than 1 I/I because
f-particles penetrate the sample {(thelrs ranges is 0—5 rm) and
the average light path in the sample 18 less than that in the
described above transparency measurement. But the value of
t-1/1, allows one to estimate the optical losses in the sample.

An important characteristics of a scintillator 1s its
emiselon decay time constant <T. The shape of the scintillation
buises of the PSSCs were meaaured using usual single photon
counting technique. The scintillators, containing 3HF, ¥25 and
£31 fluors were observed to have the decey constants T = 7 ns, -
=12 ns and T = 10 ns respectively. The M3HF doped scintillator
has iwo components: (77, BEP(-t/T )+ (pa/'ra)exp(—t/'ra) with
b,= 0.6, T,= 3.5 us, p,= 0.4 and T,= 9 nB8.

CONCLUSIONS

The primary scintillation solutes pIP, PPO, PBD, mPBD and
bPBD showed no comsidersble difference 1n terms of radiation
registance of polystyrene scintillators doped with these fluvors.
Primaries BPC, BO and PFD are less siable.

Secondary solutes X5, X31, 3HF and M3HF are the mosat
radiation-resistant among all other examined secondaries.

The radiation resistance of & scintillator can be increased
by increasing the primary fluor concentration to high extent
(10%) and by adding naphthalene.
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Appendix
The list of fluors weed in this study:

N - naphthalene, A, < 310 nm, A = 325-340 nm;

{MN - {-methylnaphtbslene, A, ,= 320 nm, A = 400 nm;

pr? para—terphenyl. Mbs™ 290 nm, A = 360 nm;

PP0 - 2, 5 - diphenyloxazole, A,, = 310 nm, A_ = 365 m;

PED - 2-phenyl-5-(4-biphenyiyl)-1,3,4-ozadlazole, Aabﬂ= 305 nm,
Aop= 365 T3

mPBD - 2-(4'-methylphenyl)-5-(4''-biphenylyl)-1,3,4- oxadlazole,
Agpe= 365 1m;

bPBD - 2 - (4'-t-butylphenyl) -5- (4'‘-biphenylyl) -t,3.4 - OXa-
dlazole, A, = 310 om, A_ = 365 nm;

EPO - 2-blphenylyl)-5-phenylozazole, Mppp= 320 nm, A= 390 nm;
PPD - 2, 5 - diphenyloxadiazole, h&bs= 280 nm, mem= 350 nm;

B0 - 2 - {(4'- dimethylaminophenyl) - benzoxazole, A, . = 330 mnm,
A= 400 nm;

BAP - benzaleacetophenone {(quencher, A , = 310 nm);

POPOP - 1, 4-b15—[2 (5-phenyloxazolyl)l- benzene. Aabs = 365 nm,
Mg, = 420 nm;
BBOT - 2,5-a1- (tert-butyl~2—benzoxazoly1) thiophene, A =

aba

380 mm, A, = 436 mm;
G5iB - 4,4°~distyrylbiphenyl, A = 430 nm;
wPDP ~ 1—(o-methoxyphenyl)-3,5-diphenyl-2-pyrazoline, Mbe =
= 360 nm, A, = 460 -nm;
DSP - 1.5-diphenyl-3- atyrylnz—pyrazoline. Ape= 390 mH, Mom =
= 460 nm;

10



PDAPPS -~ 4 (5-phenyloxad1azoly1)-4'—(3 S5-diphenylpyrazolinyl-1)-
gtilbens. A Mo = 450 nm, A= S6C 1im;
X5 - naphthallc anhydride derivative, Mape= 400 1m, A= 500 nm,
= 12 ng;

X31 - naphthalimide derivative, Mope= 400 nm, Aop= 500 nm, T =
=10 ns; ‘
3HF - S—hydroxyrlavone. habsn 350 nm, Aem= 530 nm, © = 7 ns;
M3HF - 2-(4'-methoxyphenyl)-3-hydroxytlavone, Appg = 350 mm,
Mo = ¢30 mm, T,= 3.5 08 (60% of light), T,= 9N (40%),
51PDdmaf - 2-(4~ sulIoIluorophenyl) -5- (4‘—d1methylam1nopheny1)—
1,3,4-oxadlazcle, A b= ST0 D, = 495 nm;

a em
8IPOdmaP - 2-(4-sulfofliuorophenyl)~5- (4" -glmethylaminophenyl) -
1,3-0xazole, Aope= 400 nm, A= 513 mm;
Goum. 30 - T - dlethylamino - 3 - (3'-methylbenzimidazolyl-2*') -
coumarin, Aaba= 420 nm, Ay,= 480 nm;
Coum. T - T - dlethylamino - 3 - (benzimidazolyl-2') - coumarin,
hab3= 460 nm, Aom= 210 nm;
dmaNBI - 4-dimethylamino-1,8 -naphthoylen-1',2' - benzimidazole,

em 60C nm; v
M-NBI - 4 - morpholinc - 1,8 - naphthoylen-1',2' - benzimidazcle,
hem= 575 nm;
PEP - 4,4'-ble-(2-(5-phenyloxazolyl))-stilbene, Appp= 565 nm,
hem= 450 nm;
DP - 1,3-diphenyl-2-pyrazoline, Agp= 450 mm;
mBIdeaBO -~ 2 -~ (1'-methylbenzimidazolyl-2')-6-diethylamino-
~benroxezole, A - 460 nm;
R931 ~ benzoxazole derivative, & om™ 490 nm;
R932 - benzoxazole derivative, ‘e 490 nm;
big-dmaP-D - 2,5-bla-(4-dimethylaminophenyl)-cxadiazole, hab3=
=350 mm, ham= 400 nm;
dmaPD-NEI - 5-(4-dimethylaminophenyl)-2-(1, Bnnaphthoylen—T'. 2'-
benzimidazolyl-5)-oxadiazole, A Appe= 440 mm, A_ = 565 mm;
WI-DMAN - 4 - dimethylaminonaphihalic acid N—methylimide. Moo=
= 480¢ nm;

cmPdaP0 - 2- (4" --carbome thoxyphenyl. ) -5~ (4"—dJmethylam1nopheny1)—
cxazole, habq— 353 nm, hem 460 nm;
DP-ENI - 4-(1,5- diphﬁnyl—z—pyrazoliLyl—e)—N—phenylnaphjhalimlde
Aem= 680 nm.

kecefved 20 December, 1997
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