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OPTICAL CHARACTERISTICS OF y-IRRADIATED
POLYSTYRENE-BASED POLYMER FIBER
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The experimental results of an investigation of x-ray and photoluminescence and relaxation of the induced
absorption spectrum of irradiated (0—15 Gy) polystyrene-based organic scintillation fibers are
presented. Estimates are given for the limits of radiation resistance of the fibers investigated with respect
to luminescence intensity and induced absorption. 3 figures, 5 references.

Fiber-optic technology is expected to be widely used for generation and transmission, to external devices, of diag-
nostic signals from relatively inaccessible regions of the plasma in a thermonuclear reactor [1] and regions of intense nucle
ar reactions accompanying collisions of high-energy nuclear particles in future accelerators [2]. This naturally leads to the
problem of adequate identification of the useful signal, which depends on diverse processes occurring under specific cond
tions in the fibers employed as the active medium in detectors. The total radiation arising in a fiber in an ionizing radiation
field contains, together with Cherenkov radiation, luminescence from activator and radiation-induced centers. In addition, the
detected intensity of the light transported by a fiber is also strongly influenced by the nonunique behavior of the induced opt
cal absorption centers. Therefore, these processes must be taken into account appropriately, which makes it necessary to st
the optical characteristics of fiber lightguides during and after their irradiation with various types of radiation. With respe
to practical applicability in various fields, organic scintillation fibers have a special place among other fiber lightheigdes. T
are of interest because these fibers, though they are less radiation resistant than quartz fibers [3], possess certain advantay
fast response, flexibility, high light output, and low cost.

This work is devoted to an investigation of the optical characteristigsircdidiated polymer fiber based on
polystyrene.

Object of Investigation and Experimental Procedure.The polymer-organic fiber, obtained from the E. Fermi
Laboratory in the US and used in the experiment, consists of a polystyrene core surrounded by cladding consisting of poly
methyl methacrylate and an outer protective coating consisting of fluoridated acryl. The diameter of the core/cladding/coat-
ing is 770/800/83um. The polystyrene core is activated by doping withgtéérphenal as the primary dye and 1500 ppm
3-hydroxyflavone as the secondary dye. pHerphenal in the polystyrene core is a luminescence activator and the 3-hydrox-
yflavone is present as a spectrum-shifting additive. The polymethyl methacrylate cladding with a low, compared with the
core, refractive index is the waveguide-fiber structure.

In order to absorb the photo- and x-ray luminescence, during sample preparation the polymer fiber was cut into
approximately 2 mm long pieces, the ends were carefully polished and rigidly secured side by side on a metal base. Irradiatic
with 60Coy rays and measurement of the photo- and x-ray luminescence were conducted without removing the samples fron
the base. This ensured that the irradiation and measurement conditions were identical. The irradiation dose ranaed from 1
to 10/ Gy. All measurements were performed at room temperature at wavelengths 300—800 nm.
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Fig. 1. x-Rgy luminescence speetnof uniradided @) and photoluminescence of
yirradiged wtih dose 01), 10* (2), 10° (3), and 1d Gy (4) of polymer fber and
its photoecitation spectum ().
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Fig. 2. Dose dpendences of the »ay (a) and photoluminescencb)(of a poymer fber.

Two special cells were piepared to irvestigate the inducedtssoption spectum of poymer fbers and the timealax
ation of this spectrm (i.e, the lestoetion of transpaeng/ during annealing aroom tempegature in the ddk). Eat cell con
tained the sameumber of 40 mm longilfers secued side i side and made it pos&bto measte the iradigion-induced
absoption in a Specar UV VIS spectophotometerThe dsomption spectum was measwd d room tempeature in the vave-
length ange 400-750 nm and dosange 10—3.5-1%)Gy with y irradigion dose ate 1.2 Gy/sec

Experimental Results and DiscussioriThe expetimentaly measued x-iy luminescence speatm of the nonira-
diated poymer fibers consists of te well-resohed bands with maxima the wavelengths 390 and 540 nmigF1a). In adi-
tion, the luminescence intensity 290 nm is mch wealer than the intensity of the main bartdsd0 nm.The lines in the
spectum of the main xay luminescence band kbng waevelengths a flatter and their shge emains essentigllthe same
in the entie expeiimental doseange. The initial y irradigion with dose 1?)Gy results in a ngligible increase in the inten
sity of the x-ay luminescence of the main band; as the doseasesit decreases monotonicgliand becomes undetebla
at a dose of S-ﬁBy (Hg. 2a). The second wak luminescence bant 290 nm &ists and emains unangd with an accu
mulated dose up to 3-53(!5y, after which it vanishes.

The photoluminescence of thepeiimental poymer fbers is excited ky UV light with A = 370 nm.The band max
imum falls & the position of the maxiom of the main xay luminescence band (540 nriihe weak luminescence band with
Amax = 390 nm,obseved under xay excitation, in this case is not obserd either because ivedaps with the long-ave-
length tail of the photoeitation spectum or it is simpy not ecited

The photoluminescence and iteciation specta for several doses & presented in i§. 1b. The dose deendence
of the maxinum is pesented in ig. 2b.

The obsered photo- and xay luminescence bands of a pwler iber with a maximm & wavelengthA,,, = 540nm
is due &clusively to the pesence of a speam-shifting eemitter in the pettyrene coe — 3-lydroxyflavone in the érm of a
scintillating adlitive. This corelaes with the luminescence sperir of pue 3-tydroxyflavong whose maximm lies &
540nm [4]. The smoothness of both spectf the tbers & long wavelengths is alsoxplained ly the fatness of the spectm
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Fig. 3. Induced bsoiption specta of a poymer fber with iradiaion dose 104),
107 (b), 10°(c), 3-1G°(d), 10*(e), 2.4-16 (f,), 2.4-1¢ (f,in 2 h), 2.7-1C (gy),
and 2.7-10Gy (0, in 3 h) and tempeai relaxaion of the spectm. The rumbes
on the cuves corespond to the time inlich the gven spectim is meased after
the specuim (g) is measuwed: 1-9) 2,4, 8, 10, 14, 24, 35,50, 80 min;10) 17 h.

of the 3-lydroxyflavone itself The weak band (390 nm) in the &y luminescence speaimn is most lilely due to the ininsic
luminescence of the base (jgolystyrene) and the pmary scintillaing adlitive —p-terphenal The bands in the luminescence
specta with maxima near 330 nnxtend to 400 nm andogether with langs in the ansmission speatm of polstyrene
(at wavelength &ove 360 nm)they can &plain the pesence of the emission band its¢lB&0 nm.

The dose deendences of the speztof the poymer fibers shov tha for initial y irradigion with dose 166y the
maximum of the luminescence ireases someha. This small incease in the intensity of luminescence canttrébated to
the patial restoetion of the optimal atio of the pimary and secondsirdye concentitions, which is destoyed d the ted-
nological stagye when the iber is extruded (& least &the coe — dadding interfaice) because of therfnation of associtive
centes with low binding enagy. The frst efect of iradidion destoys these assodige centes, thereby increasing the mm-
ber of efectively opegting luminescence centerand as aesult the luminescence intensity ieases @&ty little. At higher
irradigion dosesthe intensity de@asesand completeadiaion destuction of the luminescence cergerccus & a high dose
— greder than 3-1®Gy. For compaison,we note thathe optical popeties of fbers based on pgvinyl toluene iradiaed
with 16 MeV electons ae not estoed een & 2-16 Gy [5].

The obsered decease in the intensity of luminescence with @&ing dose is due to the combined action of the
processes leading to the destion of luminescence censeand thedrmation of color centes, which increase the induced
absoption. The behwior of the dose deendence of the intensity of the luminescence maxins desdbed well by the
expression

I/lg=1—-Alg(D,/Dy),

whetel/lis the elative intensity of the luminescence maxim, D, is the accumlatedy irradigion doseandA andD, are
constantsat least br the doseange 10-1cP Gy. This dewendence has been ohast with the electmic iradiaion of an
organic scintillding fiber based on pgVinyl toluene [5].

Compaing the dose dendences sk thd the x-my luminescence intensity deases mar rapidly than the pho
toluminescence intensity (compathe slopes of the sight lines in kgs. 2Za andb). In the case of xay excitation of lumk
nescencghis is pobably due to the lage contibution of induced bsoption as aesult of the drmation of shot-lived (from
fractions to seeral tens of seconds) color cergavhich do not occur with photaeitation.

A chanacteistic feaure of the pocesses occring in polymers is tha they are not instantaneoubut rather the
require substantial time inteals,sometimes meased in monthsThis feaure is also confmed ly investigations of the tem
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poral vaiations of the inducedsoption specta ofyirradiaed poymer fbers. Hgure 3 displgs the spectim of the induced
absomption of a poystyrene fber. This spectum was obtained with diérenty irradiaion dosesThe fgure also shas the
relaxdion of the spectrm duing annealing aroom tempeature. In these spediythe contibution of shot-lived color cen
ters to the inducedtsoiption is nglected since the speatm after eals dose accuniation was measwd after 5—-6 minA
reliable spectum, which is repeaable from one measement to anothewas obtained in the avelength ange 400-750 nm.
It is evident fom Hg. 3 thd y irradigion of polystyrene fbers with a lav dose (up to 3-f([;y, curvesa, b, ¢, andd) con
tributes ngligible adlitional &soption. When the net dose is accumiated equal to 16 Gy (cuwe e), the dsomption
increases substantigl{the optical densityxeeeds 1.4 in theange 400—-450 nmWith time the inducedl@soiption deceas
es (cuvese, 1-10 and in pproximately 17 h it almosteades the initial Bsoption. Futher iradigion gves Ise to moe
absomption bands (cwesf, g), which & dose ~5-1‘bGy mege, covering the entie expelimental wavelength angg, i.e., in
the entie range the optical density becomeeger than 1.4. It should also be notedttbiace they-irradigion dose ~5.10
Gy and higher is accumeted the inducedlsoiption spectum changes ireversibly, i.e., it no longer retums to the initial
level after a dehite pefod of time has elased

Condusions. The peiimental irvestigation of the x-ay and photoluminescence spectnd theealaxdion of the
induced asomption spectum of y irradided in the doseange 0-1d Gy, organic scintilldion fibers based on pgstyrene
shaved tha the decease in the intensity of the luminescence is less than 15% up touateshtose 1DGy. As the total
dose inceases futher, the intensity de@ases Igarithmically, and complete destction of luminescence censeoccus & a
high dose — geder than 3-1%)Gy. The adidion color centes responsilte for the induced lasoption and érmed in a iber
irradiged ky y rays with dose less than 4l(ISy ae completgl annealedtaroom tempegture in 17 h.Theyray dose 16 Gy
and higher dr the fbers changes the inducedtsoiption spectum of the ers ireversibly.

We thankA. Zeminskii for a fuitful discussion of this ark.
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