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In a number of cases, e.g,. when one deteclts rare resonance
~decays, lt is necessary to measure recoxl neutron velocmes by the-
hme—of—ﬂxght method and . the neutron emission angle W1th a high -
detectxon efﬁcxency/ 3 45/ In this" case the extensmn of scmtﬂlator:.'
dimensxone is mev:table. - v ,
In ref / 1/ a 1x12x40 cm3 scmhllahon counter has been tested
§ and the possxbmty to deterrmne an mterachon pomt (+ 2.5 cm) by
,,the tlme interval . bef:ween the armval of the hght signals at the pho— -

‘.tomultmphers at twe opposxte ends of the ﬂat scmt:llator has been

o found

» Thlu paper is devoted to the investxgatxon of the. precxslon
determmahon of a c:oordmate by the time mteml between the arri-
“val of the hght signals at the cathodes at two opposxte ends of a

_ plastic scmhllator and the accuracy in the measurement ‘of the
A:ktlme-of—ﬂlght w1th a 8 x 8 x 130 cm3 plastxc scmtzllator used as’

one of the bas1c couniers. L ) ) B » .



1, Counter 'Description - .

I

The counter under' mvestxgahon cons:sted of a 8x8x130 cm3
plastlc scmullator, two hght guxdes of or'gamc glass and two photo—
multiplies of type-56 - -AVP.. . N e

The plashc scintillator is pasted of two pleces 8x8x65 cm3

- each. The light " guxdes are made in the form of a right truncated

‘cone -with the bases D = 8 cm and d = 5 cm., The 5, 15 and

25 cm light guides were used in the measurements, The Vplastic:'
scmtlllator' and the light guides have been optxcally pohshed and

- are coated with alummlum foil, - ‘ ;
‘ ’I‘he pion heam ( E = 4 GeV)- ‘of the Dubna synchrophasotron'

‘ was used for" mveshgahng the counter'.

2, The Accuracy in the Determination of the -Coordinate in

a Scmtx]latxon Counter

; N In or‘der to mvestzg,ate the accur’acy m the . detemuna’aon of
jthe coor‘dmate m “the 130 cm scm’u]lator-, the d;agr'am given in Fxg. ,
S was used "I‘wo photomultzphers of 56 AVP type 4 2 cm in dxameter' '
of the photocathode were apphed in the counter. A specxal selec-
tion of photovnultlphers has not been done. The measurements were
- made usmg the light guxdes of 0.5, 15 and 25 cm long at the poiritS'_'
‘dlstant by 5, 25, 45, 65, 85 and.125 cm from one end of the scin-
, tﬂlator. ‘ , - ST 1| V
The p;on beam was selected with the help of two counters“S

1
&nd 52 2. 5 cm in dlameter and 1 cm thick (see E‘lg. 1) ’ ,
The linear gate circuits (LG) with an opening time - of 50 nsec
were controlled by the output pulse of the coincidence counters S,
and S . The signals from the photomu.ltmhers were fed to.the LG
, mputs and then to the circuit of the "Star't" "stop" time-ampljtude |

(o] onve rter.
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Fig,1 ‘Diagram‘féf ‘Jmeasuvx;ing the interaction coordinate, .’

The-

} generator is shcwn in Fxg.2

output pulses of the txme—amphtude converter

" were’ |
. fed to a 512—channels amphmde analyser. A cahbra’uon characteristic

of the hme-amphtude converter obtained with tHe help of a pu.lse

Fig.é Calibration

com(erter.
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- The mam expemmental results are: presented in. ‘I‘able 1.
The 'values of the "average light vveloczty" m the counter obtamed

with the hgh'c guldes hy, 10,75, 15, 25 cm are gwen in. the second

 column of Table 1,

Tablef

L%

U /. |Scate ofone \
h | v Unnin - channe ofAA - 6. |- 8¢
xi0"Crmysecicempsed %
em [ T nsee | cm  |channef) cm |
o | re 120 |oo063 | 03s | 62 |x22 | e
5 w2 | — [oos3 038 | 65 |25 57
15 | 134 | 14 |oo063 | 042 | 66 |28 | 1o
25 | 126 | 132 |o0063 | 039 | 8 . |3 | -

Analysmg the path of rays in the counter of this conﬁguratxon,

' one can see that stralght rays have a minimum path. to the photo- g
‘cathod and rays propagatmg at an angle of whole internal. r'eﬂe)aon :‘
have a ‘maximum path, There is an effecnve angle which’ depends :
on the height of the light gwdes. This dependence ,vanes the f’ave-.
rage propagation speed" of kf.h’e light in. the cm:t.r_lter. The' time inter-:l
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ooval t’rom the momen’t of the lxght flash m the scmhllator to ‘the cur—»
' ‘ rent pulse on the anode of the photomu.ltxpher was measured in the
expemment. - ‘ B

Smce the rays commg to the photocathode due to mulhple

. reﬂex;ons make a prmcxpal contmbuhon to the formahon of the pulse

this nges a. s@mﬁcant mcrease of the ’ume mterval measured Con—-
'sequent.ly, the average propagahon speed of the hght szgnal ‘should
'Hbe smaller than the propagahon speed of . lxght in the séintillator
(v=e/n - where n equals 159 is the refrac‘uon coefficient of the .
scm’uuator) o , 4 -
' The thmd column of the Table gives the calculated values of -
the rmmmum posszble value of the hght sr.gnal speed on the assum—- .
p’uon of the memdmnal path of the hght. o =
: The "rmmmum 11ght velocxty" was estimated by the forrﬁilia o
in =‘kv where k EfL (t is the length of the ecintﬂ]ﬁtor‘ :
with the light gmdes, L xs the maximum light pr‘opagation length

max

posszble t‘or our system) ' . ‘

As is seen. from the ’I‘able, the "rmmmum veloc1ty" of hght 1s
Iarger than the average propagatlon velocxty of the hght sxgnal. B
The- Iatter is the reason of the fact that a greater part of light . A
_ enerdy in similar. systems propagate along the cur'ved screw—shaped'
lme (6) ’I‘he tyne (A!) and space ( As= ver/2) mtervals correspond-~
mg to one - chamel of the analyser are presented in the fourth co-
lumn of the ’I.“able.,

, The accuracy of the coordmate localization (¢) . in bthe co-
unter averaged over seven points ‘along the scintillator (5, "5
45 .. 125 cm) for the light gwdes 0, 5,15 and 25 cm long is

-

g;ven in the fifth column (neglectmg S, - and s, )
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As it followe *from the data obtained with the decreasing ‘of
the helgh’c of the hght gwde the precxsxon in the deterrmnation of
the coordmate mcreases. For the hg,ht guides (O 5, 15) this, to a’
great extent, is the reason that the average propagatxon of the hght
'Slgnal ‘in the counter decreases. And only in the case of the 25 cm
hght guide the error m the deternunahon of the coordmate ‘is mtro-
duced by the hght gwde itself, S
‘When the length of the hght gmde is 0 and 5 cm one observés
Vthe dependence of. the average propagahon veloc1ty of the- hght sxg—
nal on the flash coordinate, This dependence is exp]ﬁuned for
example, by the difference in ophcal paths of the light signal (at
the ends of the smnhnator light propagates to the nearest photo-
: cathode with a shorter optical. patn) and by the hght attentuahon in
the sc:xntlllatoz‘.
) As a result, a slight non—hneamty of the counter cahbrahon
is also obser'ved The ‘calibration for the hght guides (0.5 and 15. cm) .
.lS presented in Fig.3. As 1s seen, the calibration “of ' the 15 cm light"
gu;de 15 closest to the unear one, . The estxmate of the calibration
: non-hneary for the 0.5 and 15 cm hght guxdes is: gwen in the k
“last column of the ’I‘able. ' S .
“In the same arrangement (see F‘xg.i) the 56" TVP photomul’uph— ‘
ers and the 15 cm hght ‘guides were -used for another measurement A
(See. Fig.1), 3
| In this ca.se dmde voltages of the pho‘comulhphers were - ad- K
Justed by a minimum value of the jitter w1th a hght diode (Gamum g
‘ Pheepl’ude) R L e S s e '
The jitter in the centre of: the photocathode found to be equal

" to 0,15 nsec,
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Fig.4, Spectra of the spatial resoclution for seven points slfnfted '
by 5,25,.,125 cm from the end of the scmhllator. o
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’I‘he results obtained are g,iven in E&g.&. The accuracy in the ;
determmahon of the coordmate, averaged crver seven pomts and
, tak:mg mto account the dimensions - of the counters S and, S, ,is
k ,equal to + L? cm, As 18 seen from Flg.4 the spahal resolutxoh is
practxcally mdependent of the partlcle entrance pomt m the counter._
'The cahbrauon Lmeamty is 1%. ’

. 3 Accuracy in‘Time—of-F"light Measurements. - .

The hme-—of-—thght of .pions between the 8x8x130 cm ?counter

(mth the 15 cm light guides) and the basic counter 2,5 cm in
dlameter and lem thlck measuremenb are presented by the dmgram, gl-

]

‘venin Fzg.S The 56 TVP photomulhphers were used for counter 5
and the photomulhphers—BG - for counter S, . '

»'E‘lg.5. Dxagram of the nme-of-ﬂlght measurement between )
counters S and S

10
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The time 51gna1 from basxc counter S2 is fanned out mto two
pulses. ’I‘hey are 51multaneously fed to the. mputs "start" ‘of two ;
- hme-amphtude converters 1 and 2, The pulses from the correspond—
ing ends of caunter S are fed to the mputs "stop" After' linear -

- addmg the output pulses cf the txme—amphtude converters are fed

“to the mput of the 512-channels amplitude analyser. The method

; descmbed perrmts to deterrmne hme—of-fhght mdependenﬂy of the :

) partlcle entrance pomt in the counter L / 1/.« S ‘
A For the dzagram cahbratxon and delay adjustment the hg,ht

dxodes mounted in the counters were used. , B [ =

; The hme—of—ﬂxght has been measured in seven pomts of the
'counter (5 125... 125 cm) The accuracy m the measurement of the
hme-of-mght, averaged over seven txme spectra, is. equal to +0 38 nsec. ‘
The maxima of the hme spectra (for seven pomts along counter S )
"/wer'e prachca]i;r regstered in the same channel of the analyser'. ’ The
: accuracy of compensahon of the hg,ht sxgnal,‘propagatxon ‘ame m

counter S is not worse than 70 nsec.;

Conclus;ons

1 To a fxrst apprommatxon, the lxght propagauon velocxty may .
'be a parameter, charactemzmg, thé optical system, -
. . 2. The light gwdes in the form of a rxght truncated - cone .
- decrease spatxal resolutmn in- long scmtxllators and 1mprove hneamty.,

3. The hght g,uldes w:th the - cross - sec‘aon equal - the cross

;sectxon of the scintillator are the opnmaI ones in the systems of

. similar nature. Such a hght guxde should combine good Spatlal re<

' 7~’solutxon w:th linearity.

4, ’I‘he counter non—-hneamty effects on: the accuracy in- txme- ‘
;of-ﬂlght measurements due to the detemcratxon in compensatmn of -

’the propagahon hme of the hght sxgnal in the counter.
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