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Abstract

Kryshkin V.I. et al. Light yield dependence of scintillator exited with UV laser and radioactive
source on radiation dose: IHEP Preprint 953-120. — Protvino, 1995. - p. 4, figs. 4, refs.: 2.

The scintillator light yield dependence on radiation dose was studied up to 1 Mrad. The
results are independent of the fact whether the scintillator is exited with a UV laser or radioactive
source, which allows one to control all the elements of scintillator calorimeters with the UV laser.

AnnorTaung

Bacniusyenxo B.I'. m mEp. 3aBHCAMOCTE: CBeTOBBIXOHA COUHTH/VISTOPA, BO3GYXKHAEMOTOQ YIIb-

TpadHONCTOBLIM Ja3epOM M PafROaX TUBHEIM HCTOYHHKOM, OT PASHANUOKHOIO 0OMydeHnd: Ipe-
upusaT MPBI 95-120. — [Iporsusno, 1995. - 4 c., 4 puc., 6nbanorp.: 2.

3aBMCHMOCTD CBETOBHIXOR2 COMHTHIIATOPa OT PalNamHOHHOIC OONydeHHZ N3MepeHa IO
1 Mpan. PeaynnsTaTh H3MepeRNS Ae 3aBUCAT OT TOTC, H3MEDIETCH N H5Ta 3aBHCHMOCTE C TIOMO-
B0 YALTPadEONETOBOTO Falepa HAN € NOMOMILIC PAAHOAKTHBHOTO HCTOYHRKA, YTO HO3BOIAET
KOHTPOIMPOBATE YHELTPAQUONETOBBIM 7A3¢POM BCEe 3IEMEHTH CHERTHISHIOHNHOIC KajloplMe-
Tpa.
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~ To control the performance of scintillator calorimeter radioactive sources or light pulses
‘(lasers or diedes emitting light in the visible wavelength region, see, for example, {1 1) are
commonly used. Radicactive source calibration allows one to measure the light atten-
uvation length of a scintillator and its' uniformity, to use the absolute calibration scale
obtained in a test beam as a reference whén' transporting the calorimeter'to the experi-
mental setup. Besides, this method can be used for a quality control at’the assemblage
stage. The disadvantages of it are the following: :

— a complicated mechanics is needed to move a radioactive source along each scintil-
lator;

— the measurement is time consuming;

- photodetectors must have an additional DC current output; :

— stability, linearity, dynamical range, timing of the system (photodetectors, amplifiers,
ADC) and determination of the photoelectron yield cannot be checked.

With the light pulses one can control the whole chain starting from the photodetectors
except for the scintillators. Although the radiation hardness of plastic scintillators as
the diviation of the light yield and transparency from their initia]l values are the main
parameters which are to be checked.

If a scintillator light yield were unambiguously connected to the scintillator radiation
damage, the functionality of the UV light control would be greatly enhanced.

We measured scintillator light yield against the radiation damage when exiting the
scintillator with a radioactive source and UV light. The scintillator based on polystyrene
doped with 1.5% pTP and 0.05% POPOP had the following dimensions: 140 x 28 x 4 mm.
The narrow side of the scintillator was coupled to the photocathode of FEU-84, a black
paper was glued to the opposite side. The samples were irradiated in a flux of y-quanta
from 1¥Cs radioactive sources with a dose rate of 6 rad/s (or 190 Mrad/yr) in room
temperature air. '

The layout of the measurements is presented in fig.1. The scintillator was exited by a
nitrogen laser (Aer, =337 nm) with 5 ns duration at 10 Hz frequency and by the radioactive
source *Sr. In the first case the phototube pulse height was measured up to 3% precision
by ADC with 90 ns length gate. When the scintillator was irradiated by %°Sr, the DC
current was measured with 2% precision. |




ok
?
E

The dependence of the phototube signal on the distance between the photocathode
and the source is shown in fig.2 for different irradiation doses. The measurements are
normalized at X=53 mm for the scintillator before irradiation. The dependence of the
phototube signal on the dose for X=53 mm is presented in fig.3. The recovery of the

- scintillator light yield after irradiation is shown in fig.4. Within the errors both methods

have yielded the same results.
Thus if each scintillator in the calorimeter tower is illuminated in turn by UV light
the following conclusions can be drawn:
— if the pulse height from a single scintillator drops then something has gone wrong
with light collection from the scintillator;
. — if the pulse height from all scintillators drops proportionally then the most probable
reason lies in the photodetector, high voltage supply or ADC;
— if the pulse height from several scintillators, say, in the shower maximum, drops, the
scintillators have been radiation damaged. : |
" Thus the UV laser can control all the elements of scintillator calorimeter. It is well-
known [2] that the scintillator light yield exited by UV light does not depend on magnetic
field in contrast to that exited with a radioactive source, which is an additional advantage

for the UV light monitoring.
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Fig. 1. " The layout of measurements: 1 is a scintillator; 2 is a phototube FEU-84-3; 3 is a
nitrogen laser LG-15U; 4 is a neutral filter; 5 is a quartz fibre; 6 is an optical connector;
7 is a radioactive source %°Sr; 8 is ADC; 9 is data aquisition system; 10 is a personal
computer; 11 is a digital voltmeter.
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Fig. 2. The scintillator light yield- dependéni;e' on the distance between the photocathode and
the source (the laser or the radioactive source) without irradiation and for 100 krad
absorbed dose (lines are drawn by hand to guide the eye).
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Fig. 3. The ratio of the light yield before and after irradiation as a function of the total dose
(lines are drawn by hand to guide the eye).




R
1.0L
0 = %51 ) cowrad
%~ 1S [ gl
9
.- %% } 1Mrad
+ - LS
" 1 " Ao ....1'0 2 E'l X .-..1..02 i I‘A 1I03 A At 1|0‘ 'y 2 Py £]

hours

Fig. 4. The recovery of the scintillator light yield vs time after 450 krad irradiation (solid line)
: and 1 Mrad irradiation (dotted line) (lines are drawn by hand to guide the eye).
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