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1 Introduction 
All designs of general-pill pose detectors for the future had roll supercolliders, 

I.IIC and SSC. require fasl dcteclor to signal traversing unions. These counters 
play a decisive role iii the so-colled "level 0" trigger. Given the fact that surface 
of a nun in I rigger layer may reach hundreds of ж and that the deter tor must op
erate for dozens of years, I lie problem of ensuring they stability and full efficiency 
ail-along their useful life is potentially serious. One excellent candidate for such a 
111<i<>11 detector is an array of plastic scintillators seen l>y photoinultipliers. These 
counters have been used extensively in the past. However the need of employ
ing long scintillators liars, of using cheap components, of requesting full elliciency 
through many years complicate the issue considerably. We have investigated light 
yield and attenuation length of a new plastic scintillator of Ukraine production 
(I ' I 'S 923Л) ..nd compared it to a well known western product (NE 1Ы). Coun
ters employing 3 in long. 30 cm wide. 2 cm thick scintillators were found to be 
very efficient on traversing cosmic unions over their entire length, the light yield 
being about 25'X more for IT'S 923A. The adopted method and the results in 
term of absolute light yield and attenuation length are described in this paper. 
The measurements of time stability are in progress. 

2 Detail on Counters and Measurement 
The quality of scintillator counters is determined primarily by the quality of the 

scintillating material used by the manufacturer. The basic .scintillator parameters 
are light output and light attenuation length. We carried out a comparison of 
these basic characteristics of NE 11-1 and UPS 923A. 

For this purpose two long counters were built. The first counter used NE 114 
which is based on polyvinyltoluene (PVT) . The scintillator itself was a bar with 
dimensions 200 x 30 x 2 ftn'1. At one end a lightguide was glued to it by means of 
the optical cement NE SSI. The second end was painted black to suppress light 
reflection. In addition, an identical but '•'. , long counter using UPS 923A was 
also built and tested. 

The light guide was a standard one made of plexiglass and assembled with 
two parts glued together with "TENSOL" cement ,V°70. The first part was a 
2 cm thick trapezoidal plexiglass bar with bases 30 and 15 cm and height 20cm. 
The second part had a conic form with the base 1 5 x 2 cm ending into a cylinder 
with the diameter of 4.и cm and length 7 cm. To this cylinder the photomultiplier 
(PM) was joined. The full length of the lightguide was 38 cm. The counter was 
wrapped in aluminized paper and isolated from light. The second counter was 
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identical, but used a I P S У'23A scintillator. This scintillator has a polystyrene 
( I'S) base (07.9V/ ) and contains in addition paraterpheuyl (2%), POPOP (003%) 
and a stabilizer (11.02%). 

We also investigated the efficiency on cosmic rays of a prototype trigger 
counter with an identical IT'S scintillator with the far end of counter not black
ened. 

Our measurements were carried out using cosmic unions. The block scheme of 
the measurement setup in shown in Pig. 1. The phntomultiplier was an EMI 9KHB 
joined to the liglitguide by an optical grease. The amplitude of the output signal 
was measured by a I.eCroy M)C 2219Л chargetodigi ta l converter. The gale to 
the Л1К' hail a width SI) ns. To the incieasc of dynamical range an attenuator 
(ЛТТ) was included in the sped lomet lie channel. The ADC was readout by a 
Macintosh II. We operated in two iliUVicnl regimes. Trigger 1, to measure the 
cosmic union spectra, and trigger 2 for calibration of the spertroinelric channel. 
Trigger I was generated by a telescope consisting of two small (~ '1 x 10 cm ) 
scintillation counleis {S\,Sj) in coincidence sandwiching the scintillator to be 
tested. Moving the telescope along the counter we were able to measure the 
dependence of light yield on distance from the PM. Trigger 2 was provided by 
a pulse generator and was used for the measurement of the light emission diode 
(I,Ml)) spe( t ra. The average number of photons incident on the PM photocathode 
was varied by changing the amplitude of the LED driving voltage. The LED 
spectra were used to determine the channel parameters ami to monitor its time 
drift. For this purpose mea-siirenients of LED spectra were carried out both before 
ami after each cosmic luuou measurement. 

3 Calibration of the Spectrometric Chan
nel 

The spectroiuetric channel was calibrated by measuring, in absolute units, 
the distribution of the number of photoelectrons generated in a cosmic шпон 
passage. The calibration was done by means of a LED. using light flashes of low 
intensity. The knowledge of light output in absolute units - numbers of photo-
electrons created on the PM photocathode and collected by the first dynode -
is very important as it enables not only to find the efficiency of the system but 
also to check its stability, and to compare parameters of different detectors. The 
LED spectra are deconvoluted in terms of various detector parameter and some 
of the deconvoluted parameters are used as calibration and monitoring means. 
The choice of the correct P.M response function is a crucial point of the method. 
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We constructed this funct ion on the base of a simplif ied hut realistic PM model. 
The detai l of this model can be found in reference [ l ] . We wil l report here only 
the final result. The funct ion that we have used lo describe I he I 'M response has 
7 free parameters. Three of l l iem describe the part of spectrum corresponding 
the real input signal (not pedestal, not noise): 

• Q\ the average charge at the I'M output corresponding lu one eleclron 
collected by the dyuude system, i.e. the gain coefficient of I hi ' I 'M ; 

• a\ the standard deviat ion of I he out put charge di-1 ribut ion corresponding 
to one input electron; 

• ц the average number of photoelecl ions collected from the I 'M photo-
cathode in the measurement being considered; 

From these i parameters one (ц) characterizes the intensity of t he light source 
and the two remaining ones {Q\ and a\) characterize the response of the I 'M . 
I t should be noted that /i characterizes not only the l ight source but also the 
quantum efficiency of t in ' PM photocat hode and the collecting capabi l i ty of the 
dynode system. 

Q\ can be used as a cal ibrat ion means. It can also serve for checking the 
stabi l i ty of the spectroinetric channel, supposing t he pholocathode quant iim effi
ciency to be stable. As already mentioned, cal ibrat ion measurements were carried 
out before and after each cosmic muoii measurement. From each cal ibrat ion spec
t rum the parameter Q\ was extracted and a cal ibrat ion coefficient was found as an 
average of the two Q\ values before and after the union measurement. Л typical 
deconvoluted LED spectrum is shown in Fig. 2. It corresponds to an average of 
1.9 pholoelectrons collected from the I 'M photocalhode. The solid line shows the 
PM response funct ion, w i th f i t ted parameters as given in the figure. The dashed 
curves represent the exponential I'M noise, anil the part ial charge dist r ibut ions 
for ti = 1,2.3... photoelectrons collected by the photocathode. The maximum 
number of photoelectrons handled by the f i t t ing procedure was п,„„, — 0. The 
asymmetry of the part ial charge dist r ibut ions is caused by the convolut ion of the 
ideal d istr ibut ions wi th the background ami decreases wi th increasing 7/. I'Yoiu 
Fig. 2 we see that the experimental spectrum is well t i t led and Q\ [clianiH-l/ph.t.) 
is determined wi th high accuracy ( < 1%). The errors were found by Minu i t Mi 
nos analysis. For i l lustrat ion we present in Fig. 'i the time dependence of Q\ 
dur ing our entire set of measurements. The local discontinuit ies in the same day 
can be readly explained by the temperature changes dur ing the day. The global 
increase of Q] was traced to a dr i f t of the I 'M high voltage supply dur ing the 
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Fig . 2 A typical drroiivoKiti'd LED s|>t4-truin (EMI • fl.Sl-lli pliotoimiltiplior). 

5 



27 -

- О 0, deconvolve:! Imm I • Jrs( iMiOe '.| ••• tnim 

• < 0 , > m the MUIJ.I м.- г • ••. ii 

Meo" i '.>% 

24 -

• о 

Mean-5% 

Mean=28.24 

_ L _ i . -
5 6 

Time scale (days) 

Fig . 3 Time sliift of tlie Q\ calibration coefficient <luring tile measurement of 
tlie :f HI long counter; < Q\ > is tlie average of Qi before anil after a 
measurement. 
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measurements. Д correction for these .small effects (a few percents) was applied 
to the results. 

4 Results 
We carried mil measurements on three union scintillation counter prototypes. 

Two of tlieni (2 in and :i ш long) emploied 14'S !)2.'iA scintillator anil the 
third one einploied N F I II. As always mentioned, the 2 m long prototypes had 
the counter real edge blackened. The results are summarized in the following 
table ami figures. The typical пиши pulse height spectrum is shown in Fig. \. 
In this figure we see the pulse height spectrum for a 2 m long counter using 
I ' l 'S !)2.'iA, for unions crossing at the distance 2!).гк,т from the light guide edge of 
the counter. From such a spectrum 1 lie average light yield, expressed as number 
of photorlect rolls, was found as : 

= < Q > - Qu 

' '" <Qi> 

where: 

• Л,„ is the average nuinlier of photoeleclrons captured by first dynode; 

• < Q > is the average amplitude of the pulse higlit spectrum; 

• Qu is 11 ic pedestal position; 

• < Qi > is the (average) calibration parameter, giving the output charge 
per input photoelectron. 

As can see in Fig. 1 the dynamical range of the ADC was not sufficient to 
cover the whole sped nun. In order to handle correctly the overflow we supposed 
the spectrum tail to decrease exponentially. The contribution of the tail to the 
average pulse heigh was thus obtain by fitting an exponent to the measured tail 41 
the linear Л IK' range. In Fig. !> and Table I we give the light yield as a function 
of distance from light guide edge for three different counters. To compare the 2 m 
long counters (UPS 923A versus NE 1 Ы) we fitted the corresponding light outputs 
with a single exponential function (.4 txp{—x/\}). The effective attenuation 
lengths are found to be KJO and 115 cm, respectively, with errors of a few cm . 

1 In ref. [2], Fig. 6 shows the same attenuation factor over the same distance for a 2 cm 
thick-bar It should be noted that the apparently different attenuation length which is 
found there (Ls = 192 cm) is due to a different definition of Ls, which includes reflections, 
relative to our "effective" A. 
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Fig . 4 A typical cosmic union s|ji'ctriiin. 
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Tab le 1 Thr mra.-im-'l li^ht yield (in |dioioclri I n.i.-; vs d'Maini- fur ilncc 
diff.-rent cuiiMlrrs: 2 in Inn» Xi: II I: :j ,„ arid 2 m Ion;; I'I'S 92:i.\. Tin-
rear fd^c of tin' 2 HI loii£ iDiinli'i ч weir hlarki'in'd to n-dini' ri'llcrtioti. 

Table 1: l.iftlit Yii-liJ ()>li•< .) v» Dislanrr for DiilVrrnt (Vimlcr? 
di.itunri (cm ) 

.10 
00 
70 
90 
100 
110 
Ш 
MO 
150 
100 
170 
ISO 
190 
220 
2(H) 
295 

NK 11-1 ( 2 ш ) 
101.1 ± l.s 

X0.U ± 1 . 1 
"" ЧХМ ± I I " " ' 

(il.2 ± :i.l 
50. -1 ± 1.1 

•12.7 ± :)..! 
:)!).() ± 2.0 
:»i.o ± o.o 
: f l2 ± 1 . 1 
;il.:i ± 1.7 

I T S <ШЛ" (2 ш) 
ПО..! ± 2.0 
121.7 1 2.0 
120.1 ± 2.0 

"" 102.1 lTx' ' 
91 x ± 1.5 ' 
•s:t.K ± 2.2 
70..1 ± 1.7 

02..i ± 1.7 
50.7 ± 1.2 
55..! ± 1.2 
10.:i ± 1..Ч 
1.4.x ± l.:t 

Tl 'S 92.!Л (.4 ж) 

120.9 ± 1.7 

07.0 ± 2.1 

70.0 ± :|.5 

04.0 ± 2.5 

5:1.2 ± 2.0 
10.1 ± 2.0 
•15.0 ± l.s 

Tlir runipusiiioii of I'I'S 924Л is: polyslyicnc 97.05%, paralciplii'iiyl 2%, 
POPOI ' 0.0:1% and slahiliz.M 0.02'/ . 
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One can see that t in ' light yield uf the I ' I 'S 92ХЛ counter is higher Ihan that of 
NK 1 I I by approximately 2VA. This fact is not а surprise, since NIC I I I contains 
г)0% anthracene and I ' I 'S '.)'2'.iA more than GO'/t. One may note- that usually i t is 
beleived that a scint i l lator based un I ' V T should have a light ont|>nt larger than 
one based on I'S. However, the light out pi l l do|)onds not only on polymer l>ase, b i l l 
also on the polymer suprr ino leru lar struct lire and on t in- d is t r ibut ion of dopands, 
which in tu rn depends on the monomer polymerisat ion condit ions. Tor example, 
the I'S-based SCSN XI scint i l lator also hits a light output ( inure than (iO'X from 
anthracene) which is comparable w i th the scinti l lators based on l ' \ T . As can he 
seen from f i g . ri I he effective at tenuat ion lengths of the 2 lit Ions; counters are 
comparable. In this figure the light yield for •) m lung prototype is alscj shown. 
In this case wc have more II) photoeli-cl ions l iom the far end of I he l o n n l e i . 
T h i s value i-. lunch larger I hail I he m i n i m u m needed fol 100 ' / elli i ieni у of union 

resist ral ion. We estimated thai even I aking inl о ас con lit Landau Unci nat ion. 10 
photoelec t Kins would lie sll l l icicnt for an essential ly lOUVi ell i l ' iency. We note that 

the light yield for I lie i tit long coi inler is higher than that Tor the 2 m long ones. 
This is due lo the conl r ibul ion of I he light reflected from 1 lie rear edge, which 

was m a d e ref lect ing in the A III long counter . I l l F ig . 0 we present the efficiency 

and noise of the Л m counter fur two values of threshold •')() m l ' and 100 n i l ' , as 
a funct ion of voltage. I'oi I his measurement, the unions were traversed al the 
far end of the counter. The noise was a few k l l / and was caused liy external 
rad ioac l iv i l y and by I 'M noise. 

5 Conclusions 
The measurement performed on some long scint i l lator counter prototypes 

have shown that the light output of I ' I 'S <)2.'iA is about 2 V / higher than that 
of N К 11-1. The effective at tenuat ion length for the1 2 in long counters liasecl on 
the l : l ' S 02'{Л and NK 111 scint i l lators were found lo he approximately ] HO r i l l 
and ||.') cm respectively. The light yield from the far end of Л in long IT 'S 923A 
counter was found to lie more ihan 10 photoelec t ions, while 10 phutoelect reins 
would he sufficient for full el l icienry on a in. i .p. 
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