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The hodoscope 8Y5 ten of ga —discharge counters_with controlled pulse supply which was

used on the synchrccyclotron for investigation of“; 'lproton scattering is described. L

The system oonsisted of 426 hodo,cope counters. The, paper gives thc details of the use of .

such systems in some experiments made on’ accelerators.v R

In experiments on: investigation of angular distributions:of: scattered: plons.the:scin--
tillation counters, thick photographic emulsions and track chambers are: usually,used The:
two 1atter methods perfectly describe the event but their drawback s the difficulty in--
‘treatment .of-. the data obtained For the investigation of angular distributions of scattered

m:—mesons a. method of scintillation counters is used which ‘permits to’perform: investiga—:
tions at considerably higher intensities of 7*-meson beams thanrit:wasiin: experiments &
with chambers. Most results of good statistical accuracy are obtained. by the. scintillation
7gcounter method. However, the disadvantape .of. the method is that An- obtaining the.- neccssary
- ;angular resolution one must use counters subtending small solid angles. TR 5»93 3 3::
In investigating the cosmic radiation ‘the: hodoscope systems of: self—quenching counters

,';_are used., Such systems are self-controlled and at great solid angles they make it possible

. lyto find out where the particle has passed although the: continuous trajectory 4is:not obtained.

_The defect of the hodoscope system is also the difficulty in treatment of:the photographs:
g which in- ‘some degree is:as: difficult as: the treatment of photographs obtained by :track:
,chambers. However up ito now the hodoscope systems of self—quenching counters could-not- ‘be::
. used.for: the work on: the accelerator,oas great errors would appear An the system due to::
"Mdead time of. the countersand to a high r%diation background To eliminate these errors:
;bA A Tyapkinl) suggested to realize the controlled pulse supply of counters with high' vol=;
i;tage. He pointed out the possibility of the- effective registration of particles which:- pas—:
Lvsed thrcugh the counters before the pulse of high voltage appeared on: them- with “the. time .re-
‘Vsolution of the order of somesmicroseconds. The investigation of gas—discharge counters:ope~

ration in the regime of the controlled pulse supplyz) showed the: possibility of ‘the ‘use:of:

: ‘\hodoscope syotem of counters in experiments carried out on charge particle accelerators.

' f:Such a hodoscope was used’in’ the work on investigation ‘of :the elastic: 'scattering: of 300 MeV
3tf—mesons on hydrogenz) The plan view of tne hodoscope 15 “shown’ in Fig.ls:

Figs. 2 and 3 represent the hodoscope system device. The device consists of two parts.‘°

7‘(a control system selecting events of Sﬂ'—meson interaction 4in'a hydrogen ‘target’ and a’ ""}
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hodoscope system detecting trajectOries of?scattered particles. The control system consis-.
ted of scintillation counter telescope and a group of gas—discharge counters with small '
dead time. The' Jr'—meson beam was selected by the telesoope of three scintillation coun-,

=5 were used. e

ters in ‘coincidence.’ As sointillators ‘the tolan crystals of 25 b'4 15 x 5 mm
They were ‘connected with photomultiplier ¢’9y—l9 by means of a hollc ow 1ight ‘pipe’ with

" walls of aluminium foil. The fourth sointillation counter was placed behind the hydrogen"f’
'target the solution of terphenil in phenilcyclohexane (Bg/l) poured into plexiglass con-

3, being the scintillator. The container was conneoted

‘tainer, measured 135 x 135 x 15 mm
withtwo photomultipliers by means “of plexiglass light pipes. Around the 1iquid hydrogen :
target for- deteotion of 75 mesons scattered at solid angle subtended by hodoscope coun-f‘f
l ters, the ‘fast: gas-disoharge counters were: plaoed (Fig 3) ) Their cathodes 10 mm in ‘dia=
meter and 0. 15 mm thick were made of stainless steel. The molibdenum wire 0.1 :mm: thiok

was taken as an anode. The counters were*filled with metilal vapour at the pressure 160~

200 mm Hg. In the device 138 metilal counters were used which were devided into 12 groups}&

.symmetrioally about J@'-meson beam. 'he wires of the counters in each group were: oonneo-eﬂ'
ted together. The oounters deteoted Qf-mesons soattered in the angular interval from

20° to 160o in the laboratory system. These counters were placed with overlapping which

: eliminated the registration non—efficienoy conditioned by passing the particles between

'oounters.

.Fig.z ehowe.the vertioal section of a liquid hydrogen target. The container for 1iquﬁ”‘;
Ihydrogen made of: stainless steel 0. 2: mm. thick was devided into 2 parts..the working and '

”‘the;“dditional ones whioh were connected with a- tube -20. mm in diameter. The working part

of the hydrogen target was a oylinder 80 mm in diameter, 100 mm-. long, the thickness of then

-front and back walls being 0 l mm.vThe oylinder axis coincided with the beam direotion.»fxrﬁ‘

.The hydrogen oontainer of stainless ste”l“”“sfsurrounded by three styrofoam vessels. Eva—vﬁ

"porating hydrogen passed through the vessels cooling them. To reduce the rate of hydrogen ‘

gevaporation‘the oasing contained: the, iquih_nitrogen was inserted»betWeen two styrofoam f:g‘

“vessels. The target permitted lOwhour'r operation with _iquid hydrogen.w he quantity of n{‘ff

‘ﬂ‘liquid hydropen Anh the target was ;‘

terminedlb' means of styrofoam floating level. In: theﬁel”

E)

:‘pass of a meson beam the" target wallszwere of 0 6 g/cm thiok. : ;
‘ Fig. 4 gives the bloek—diagram of the electronic apparatus oontrolling the operatiou€3
V"of the hodoscope system ‘of: counters. The pulses from photomultipliers of: scintillation o

' eounters l 2 3 4 were fed to amplifiers with distributed cOnotantS (passband 1580 mHz)
and then to a circuit which registered coincidence and anticoincidences of the type

1 (l+2+3) andf(l+2+3) (3+4) where the figures denote the numbers of scinti]lation counters.
Th‘eg“ oino_idenaes of the first type oorrespond to I-mesone hitting the 1iquid hydrogen
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target: and’ the.coincidences. of the, second type to Jt'mesons interaoting in the target.

The " pulses -from the metilal counters placed around the liquid hydrogen target were
fed to amplifier—former, then to the mixer and further to double ooincidence cirouits. ,
Thedotble - ooinoidenoe oirouit with the resolving time 5 X lO 7 .8ec separated the coinoi- .
dences between the pulse of" the type (1+2+3) = (3+4) and the pulse with a mixer, formed a.
pulse controlling the operation of the hodoscope part of system. By means of 12 ooinoiden—‘
ce circuits a group of counters was separated through which a particle has passed and the :
neon -lamps switched on*. . h¢~'ﬂp‘gn}@'¢,, 7;;;;:;;;¢1 o (;, AAA‘ : rhrhect o

s The; control pulse triggered ‘a high voltage pulse generator and the cirouit of con-

trolling the’ additional devioes. The. generator circuit was like that described in ) 'l‘o,:(_7
increaseée the power: of:a supplying pulse eight lamps rH-JO were switched on in output oas-
cade, The pulses of 0.8% /nseo long. with an amplitude of about 2 kv were fed from a ge— .
nerator to: hodosoope counters.: .. ... .. - Pl BeiRET s and iﬁ??nwﬁ“w:fyﬁ A

The hodoscope counters were placed‘in four rows-behind»the oontrol oounters filled o
“with! metilal. In the. first row. the: counters of the type. MC-4 with the anode 100 mm long
;’and 20«mmrin diameter were»placed“and An: the, rest of three. TOWS . there were oounters MCTG(‘v
with an‘anode 20 mm in diameter: and 190 mm -long. In all therevwere used 426 hodoseope S
'<fcounters :An the; devioe. These :oounters like the metilal ones were plaoed with overlapping.
To detect the discharges.in hodosoope oounters the use was made of the oold oathode thy—
ratrons MTX-90 'in which the third eleotrode was not employed. The neon. lamps were arranged
on the .panel- in- the same way: as the hodosoope oounters. On the same . panel two neon 1amps
“ were: ‘placed as’ markers. which made .the treatment of photographs easier (see Fig.6).vﬁl )
‘ Pig.'5 represents the diagram of .one hcdoscope cell. Usually the neon lamps did not :
light ias"ithe’ anode - 'voltage ..V =.100.v. was’ taken to be lower than that of lighting but hig-
k her' than the’ voltage of: putting out. In lighting up. the neon lsmp strongly shunted the1 .
'load resistance, This led.to. high;current. flowing .through the oounter in a moment when o
there was':the' :high:.voltage pulse on: -the counter.as, well as to the distortion of supplying
~pulse form. “To: eliminate: ‘this ,phenomenon. the.additional resictgnce of 10 KW was swiotch-
”ed on 1n series with: the: resistance of 20 kM ovv 2o e

The’ circuit of: controlling :the. additional devices fulfilled the following functions.
a)put: into! operation the- eleotromagnet mechanizm “triggering the, photoregieter' b) swit- )
tiched on the. blocking.:of -the: oontrol :pulse .for 0. 3 seg . in the course. of photegraphing,

ic) ‘put:out: the ‘neon: lamps after ‘photographing; - d) made.the, electromeohanioal oounter of
kfetills plsoed ‘onithe: panel with ‘neon.. lamps work..

* The eleotronio oircuit’ for metilal‘obuntere“wasjtakenﬁfrom“4)5



A“camera KC—50‘ - used. as a. photoregister in order to take the photographs with the :
aid of additional electromagnet The turning of: the image of the neon lamp panel by 90°*55f';1

by means of a mirror nade 1t" possible to'place the photoregister below the telescope.

Fig. 6 gives one of the pictures taken at the work with a hodoscope. It represents ”73
the elastic scattering of the'* ii—meson on" hydrogen° the ‘recoil” ‘proton” passed through two
rows:of. hodoscope counters:and stopped in, a’ copper filter. The .elastic scattering process.:
was identified by determining the correlation between scattering angles of a meson and a
recoil proton which follows from the energy and momentum conservation laws. ’ b

«-In treating. the photographs the,measurementvwas made of the angle ?‘betweenihorizon-;
‘ta1~b§61ébt13576f theﬂdireotion‘soattering'endfthat of4Jr=meson beam;‘instead‘ofrmeasuring
“the. real scattering angle 9. However, the difference between angles 9 and 'y -is! ‘not ¢ fittf
k great,’so, for instance, 4f ‘the’ scattering occured in‘the center of the: target then-at =

v= 200 "59 ax™ 22,5°%, at 'y = 90° e _,900, and ato ¥ = 160% - - 1 £157, 5‘.
-'Inaccuracy in determining the scattering angle 'of mesons in horizontal plane:at: the given L

location of the hodosoope counters 18 equal to + 47 .‘\*5f’ '
) determine ‘the solid angle subtended by the metilal counters ‘the effective length
Cof these counters ‘was measured. For these purpose the metilal oounters placed into meson:
bean: separated by ‘a’ telescope of scintillation counters with orystals 3 mm wide, moved
'perpendicularly to the beam. “Their effective length was found ‘to be equal to 72 mm. The
solid angle overlapped by all the metilal oounters for particles scattered in hydrogen

s
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,target was'1.73 sterad. - , ,
“For’ determining efficiency of metilal ‘counters’ group the measurements were’ made at:
which counter N 2 was placed ‘instead’ of seintillation oounter N4, and the triple colnci-::"

dences of the type 142+ 3 were registered. “In a hodoscope system the block at whioh
the metilal counters were placed, ‘was made in " 'such a way that it was- possible to rotate
it around the vertical hodoscope ‘axis- with a speed of 1 turn per 6 min, the metilal coun—::;
ters were placed into" the meson ‘beam separated by- sointillation counters. The :number of
control pulses was registered by ‘an electronio reoorder 3[”1— 09.: The: registration of:::
/coincidences of the type 1°+72°+"3 . was made by* the same way. From the ratio-of .these two.
“values the-efficiency of metilal-countersiwas found to befequal to 98%. ..

‘;:Tofstud} the:efficiencygof'hodoscopefeountersgithejhlock;with'these'oounters was
turhed at“an‘angié?sO’that'the;meson‘heam~paSsedithrough”thefhodoscope;oounters.ﬁmhe scin—.
Ltillationﬁcountersfwere’located in“the’same'manner‘as’it’nas<at-the{measurement‘of the
metilal counters efficiency. The measurements were made at several ‘values:of the. angleqD G
" The efficiency was measured at different values of: the constant voltage: of oounters and -

different supplying pulse delays. At the chosen constant Y?thEQW_'ﬂfVQj*ff"lfthefind1V1’



" YueDer Bayukov for help An; work.‘

dual efficiency of the hodosoope counters at the resolving time 3 mseo turned out to be
about 85%. The reduction of efficiency as; compared to that: obtained in~ investigation of
one counterz) was made due to insufficient pulse power._In future it is planned to ‘use
‘more - powerful generator withzhydrogen thyratron. : l'? *977 R ‘

.The- experienoe -of" the work with hodosoope system having controlled pulse supply has
showen that it is>very reasonable to‘use the similar systems for: investigating such

phenomena as, for instance, the elastio scatteringfof Jt-mesons at small intensities of

incident beams: of the orde‘*of several particlewiper sec' the measurement of the recoil

. proton polarization in the scattering;of Jf-mesons on; hydrogen and other prooesses the
investigation: of; which by the scintillation counter method would take much time of work

oni aocelerators.;

In: conclusion the authors%wish to;;xpress their gratitude to A A. Tyapkin for gui-

danoe and: help in the work N...;Kovalevaffor designing the main parts of the device and -
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Fig.l. Extéerior view ‘of-v'hO(’ioscOPe.:'
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Fig.2. Vertical section of hodoscone.
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§ Fig,6. An event of eléstic 51:-9 scattering is repre-—

- sented. The first neon lamp in each trajectory

showes metilal counter group through which a
particle has passed. Scattered ¥  meson :

-~ passed through four rows of hodoscope counters
and recoll proton passed through two Tows and-
stopped in a copper absorber. Left and right
alone lamps are markers.. o o LA



