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Abstract

VarioUlo polYltyrene-bued lc:iDtillaton were prepared in
the Chemiltry Lab. of Fermi National Accelerator LabOo
la-tOry ud ~ui into diKa oi' 1.2 cm dia and 1.0 cm thick.
They were irradiated with a eoCo source to 10 Mrad dose.
The stiuiillalion light output and luoraceDce and trau­
miii&Dce spectra were meuured. After aDIleaJing Cor 10
day. in oxygen and 3 daYI in the air the light output or
the best scinilllaton was 90% of the light output or the
originallample..

1 Introduction
~

rbis study is pari or the effort. to develop a high-rate
tracking sublystem appropriate for SSC experiment.. us­
ing ICintillatiug fiber tec:hDology·. Our goal ia to develop
highly-e1fitient. and f'aat KintUlaton that are tellistaDt. t.o
radiation damage.

Common commercial plastic scintillaton coDliit. of a­
polymer base aDd wavelength shifting luon.Ionising par­
ticles ucite polymer molecules which normally emit in UV
region. 10 the presence or the 4uon.however. the energy is
trlLlllfered to the pnmary.ud often to a leCondary luor.
which emits at. longer wavelengths.For standard lcint.illa­
tors the emiaiou lpecirum peaks in. t.he blue violet. region
and coincides with t.he wavelength. region molt strongly
affected by the rwation,t.hu causing a decrease in light.
out.put 1,2,a . The radiation problem is allena-t.ed in plastic
sc:int.il1aton doped with 3HF(3-hychozyilaTOne) emiiting
green light at 530 am since at. t.hese long wavelengtld t.he
rwation induced. damage is minimal. One obtainl still
brightu scintilla-ton using 3HF derivatiTell·.

10 this stndy we muufaetured. various polystyrene­
buedlCintillaion using t.he luon liat.ed in hble 1. BBQ
&Dd K21 emii peen lilht ud therefore could lead t.o ra­
diation hard aDd poaib1y bright scintillaton . They were
coupled to a poly'ltyreue hue throuSh the £allowing pri­
mary duon:MOPOM,OLIG0408 and OLIG0415A. The

~*'"---'latter two primarie. were apected to be radiation hard'
.n poly'ltyreue. ~Terphenyl and DMPOPOP are f'amil.
i&r dyes used for the production of liudard. ac:iD.iillaton.
DAT was tested ... replacement for ~terpheJl11 becaue
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of its high solubility and expected radiation h&reinen'.

Table 1. Fluon used in this study.

FluotA D~rip"on

MOPOM((20) syntesised. by J.Kauilina.n
0415(415) OLIG0415A',·
040S(410) OLIG040so,4

BBQO(410) Isoquinoline deriT&ti~

K21°(500) BeDIOJt&Dihene denTative'
DAT(315} di-t-amyl-~terphenyI4

DMPOPOpo (430) dimethyl-POPOp·
3HFO(530) 3-bydrozyAavoneA
pT(360) p-terpheny14

AWavelength of emission peak ill brackets. 'Exciton,loc.
produet Ezalite 416. cBridled. oligophenylenes. Obtained
Crom 4BiclOn Corp.,ISigma Chem. Co•• 'Hoeclult Chem.
Co.,"Aldrich Chem. Co. 'Purified by ftC~ialinuon.

2 Preparation of scintillators

The Ityrene was fint deinhibited through a column and
then purified by vaeuum distillation.The glus polymer­
iladon tubes ....ere cleaned. with nitric and hydrochloric
acids.rinsed in distilled water &Dd treated for about 4 h in
a- 30% solution ofdimet.hyldiQlorosilaae in QlOlOi'ollD..ud
fin&1ly rinsed with chIoroform.met.hanoltu d de-ionised wa­
ter. This treatment buillh a hydrophobic Langmuir layer
on the walls of the tube ....hich help- in the removal oi
the plastic after polymemation. Styrene and fluors were
placed in the tubes and degUled. ..nth repeated !reese­
pum~tha.... cycles.The IOlutiol1l were polym~ed in an
oil hath at 1l0°e-24h,12S°e-4Sht140°e-12h and ramped
back down to 90°C at a ,ate of 10·C/h. Test tubes were
quenched in liquid DiUogen {or !ali meue of the pluDc
rods and the rods were cut ud poliahed into eWcs 1.2 em
diameter and 1 cm thick.

At hit we prepared. lCiniillaton wiih one fluor
oDly(bin&r'1lCiniUlaion), varying the amout of the fluor
from 0.05% to 2% or the t.otal weight. In Figure 1 we plot
the Kint.iDation light output resulting Uom t;he ucitation
of the I&II1pl. by 1 MeV electrol1l from. & 201m lOurce.(1o
the cue of DAT the amout of DAT .... ....ned in the



ternary scintillator DAT+O.Ol%DMPOPOP. DMPOPOP
wu &dded to OAT to render the fluorescence visible to a
standard phototube). The laturation occun at 1 percent
concentration by weight.This minimal concentration wu
chosen for primary fluoR in ternary scintillatoR to mini­
mise possible absorption from the fluor.

tors with OLIG0408+K21 and OAT+3HF are presented
in Figures 2 and 3.After irradiation ,transmittance in .L..
peak of emiuioD U 0.5 and 0.9 respective1y;which can
deerease in light output.The decrease in DAT+3HF is ....~.,
ever worse than what we would expect from the deteriora­
tion oftransmiUance alone.This effect hu been observed
before:S. Similar data were taken Cor all studied samples.

I!SoO
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Both the total area under the fluorescence spectra .and
the peak pom.tion in the pulse height spectra from 20TBi
u:citation meuure light output of the Kiniillators. Both
measurements asreed to within a lew percent except OF
the anDea1ed lamples OLIGO+BBQ(or K21) for which the
fluorescence spectra meuure 15% more light than the pho­
tomultiplier. In Table 2 we giTe the ft1ua of light output
meunred by t.he photomultiplier viewing t.he scintillator
samples excited by 1 MeV electrolll from JO'Bi source. The_
light output from the ICintillaton beCore irradiation'f
irradiation; aad after anDealing for 10 days ill oxygen
3 days iD. air are given iD. Table 2(iD. arbitrary unita).
the lut row we giTe the light output from the standard

Figure 3. Transmiuance and fluorescence spectra for the
.cintillator with DAT+3HF.
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Figure 2. TransmiUance and llurescence spectra for the
scintillator with OLIG0408+K21.
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Samples were irradiated in nitrogen gu with a lIOCo souree
at the Nuclear Reactor Laboratory of the University of
Michigan at a rate oC 1 Mrad/h,to a total dose oC 10 Mrad.

To evaluate the .ciniillatoR the meuanmenia were
performed with both a lpectrophotometer and radiatioD
source. The fluorescence and transmiUance spedra were
recorded with a HewleU Pacb.rd model 8451A diode ~
ray spectrophotometer.Fluorescence spectra presented in
this paper are from bad .urface excitation. They were
obtained by illuminating one side of the sample with 254
nm light and then meuuriJlg the emiuion Ipectrum from
the other side(sampla are 1 em thick). For the traa.
mission Ipectra,the absorption of undoped,un-inadiated
polystyrene wu subtracted out. The auorescence lpectra
&om backand bont surface inadiation with 313 am light.
were also taken1'.

Tesis with a radiation SODree uecl JOTBi convemoD elee­
irODS and Hamamailu photomultoplier R669(our photo­
multiplier hu quantum efficiency which is alma.t constant
from 430 am to 600 nm). The ICintillator diacI were placed
directly on the photomultiplier with immersion oil pro"rid­
ing optical contact. The source wu put directly on the
top of the di.sa and pulse height Ipectra were registered
with & LeCroy qVt multi-eh&lUlel aulJ'llf.

The fluorescence aDd transmiUaDce Ipectra for KiAtilla-

o I U
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Figure l.Scintillation light output u a function of
weight concentration of the fluor in percent.

3 Measurements and Results

Next,the samples with two fluon were prepared with the
concentrations oC secondary fluors 0.01% and 0.02%. The
light output wu the same at both concentrations.

The compolition of scintillators used Cor radiation stud­
ies is given in Table 2.
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• Fluor concentrations are by weight,the conceni:ratioltl of
primaries are 1%(1.25% for DAT).·Wavelength of peak

~, emiJeion. C ADDealed 10 day. in oxygen and 3 day. in air.

The light. out.put. of non-irradiated samples is given in
the column "Before" of Table 2. All ncw finon used
in this study produced bright scintillators(DAT emit­
ting at. 315 nm is the oaly aception).The brightest ones
are OLIGO+BBQ and OLIGO+K27 and their output
is ten percent higher than that. from pT+DMPOPOP.
Light output aftu irradiation is given in the column
"After" .BCI'C we note big difl'etences between VariOUI
scintillat.on,OLIGO+X21 being leut efrected .After ir­
radiation t.he light output. of OLIG0415A+K27 and
OLlG0408+K2T is 0.5& and 0.57 compueel t.o 0.88 for
non-irradiated pT+DMPOPOP•.After lUlJIealing Cor 10
days in oxygen and 3 da,.. in air the above KinUllatOD
and OLIGO+BBQ are t.he bright.est onell wit.h average
light out.put O.88.The nut. brightest. green .cintillator is
MOPOM+K21 with light out.put O.15.We note hCl'C that
after inadiation OLIGO+BBQ and OLIGO+K21 exhib­
ited phOlphorescence in room light. wit.h t.he time const.ant.
of minut.es. Thil phenomenon diaappean in the aDIlealeel
samples. By diYiding the numbers in the column "Alter
13 d" by t.he numbers in the column -Before" ,we comput.e
~ \1e ratio of the light output. of the lLImea1eel ac:inUllat.on

o the light output of the originall&lDples.Th.i.a ratio is u
high .. 90 percent. for OLlGO+K27ICintillaton.

Scintillator& A' Light output
(nm) Before After After

13 d'

scintill&tor p- terphenyl+DMPOPOP manufactu%ed in OUI

Laboratory and cn' to the lame me u all studied sam­
ples.

Table 2. Light output before and after 10 Mrad radiation
dose hom lOCo source in arbitrary units.

4 Conclusions

We have identified several candidates Cor radiation hard
scintillatoD :OLIG0415A(or OLIG0408)+K27(or BBQ).
Their fluorescence emiuion peaks at 500 nm (470 nm).
After inadiation with a 10 Mrad dose hom a aGeo source
followed by 13 day. oC annealing,the light output. wu ob­
served to be the lame u of the non·inadiat.ed standard
scintillator pT+DMPOPOP.
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MOPOM 420 0.79
MOPOM+.01%BBQ 470 0.95
MOPOM+.02%BBQ 470 0.96
MOPOM+.OI%K27 500 0.95
MOPOM+.02%K27 500 0.95
0415,,\ 415 0.92
0415A+.01%BBQ 470 1.01
041liA+.02%BBQ 470 1.02
0415A+.Ol%K27 500 0.97
04UA+.02%X27 500 0.99
0408 410 0.88
04.08+.02%BBQ 470 1.02
0408+.02"OK27 500 0.97
D~ ~5 O~

DAT+DMPOPOP 430 0.86
DAT+.01%3BF 530 0.85
pT 360 0.84
pT+DMPOPOP 430 0.88
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