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s u m m a r ;y 

,The hodoscope systen1 of gas:-discharge counters. with controlled puh;e :;upply which was 

used on the sy_nchrccyclotron for. investig~tion of. ~-7pro~on scattering is _de~cribed, 

The system. consisted of 426 hod~scope counters, The. paper gives the. detail~, of the use of 

such systems in some experiments made on ac~elera~ors. 

* . '· 

* 

In experiments on-investigation· of angular distributions of scattered pions the· scin­

tillation ·counters, thick--photographic ·emulsions. and track. chambers are: usu?-lly; used, The . 

two latter methods perfectly describe· the event·but.their. drawback is·the;difficulty:in. 
•• ' • " ,. ·-· • > 

.· ' /.. \' ' ·.' ' 

treatment of-.the data obtained• For the :.investigation~ of•: angular .. distributions. of scattered 

.11:'-.-mesons a. method of scintillation counters :.is·~used .which permits to:. perform .investiga-
. ; \ 

tions-at considerably .higher -.intensities of_~- ~.-meson beams than at: was• in.: experiments 

with .. chambers. Most· re~ults 'of· goodcstatistioal·· accuracy: are obtained. by.; the: scintillation . . . . 
counter method, :However, the· disadvant,ag~ ·.of the method is that • in obtaining~ the ·necessary 

. angular. resolutio~ .one must: use.:_counters :subtend.ing·:smalLsolid·:angles. 

·,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 

t'o -find·out where: the- particle, has .passed although the;continuous•trajectory·is.not obtained. 
- " ' ' .. 

The defect of.-.the;:hodosoope system. is :also•:the: difficulty;·in· treatme!l:t; of .the photographs·,· 

which· in· some degree, is ;as difficult; as the treatment: of :photographs' obtained•. by track, 

chambers •. However up, to now the.hodoscope: systems :of .. self-quenching ·counters could ·not be 

used ,for •the twork on the: accelerator ,~as :ereat:;errors.would ·appear in:the.C:Aystem:·due to· "· · 

dead. time: of the co~ters and to fl:'high r~diatio~ ba~kground .: To• eliminate.these.•errors. 

A .A, Tyapkin~) suggested .·to· real.ize. the: controlled• pulse.~su~ply·: of coUnters ,vii th high• vel-; 

tage •. He•.pointeLout. the possibility of .. the: effective :registration of particles which•pas-. 

sed throughdhe counters ·.before: th~. pulse of ;high ·voltage a·ppeared· on them .with, the. tim.e .re-

solution of the o;der·of some,microseconds. Th~:investigation of,gas-discharge counters-ope­

ration in the regime, of. the oontroll~d; pulse suppli) •showed: theupossibility of 'th~ use' Of' 

. hodoscope :system Of C ~unt~rs ".in. experiments 'Carried, out on .charge. particle ace elerator~ • 

such a hodoscope~was itsed'in the work;on investig~ti~n ~!:the elastic-scattering ofJOO MeV 

st::"-m~sons- on hydrogenJ). The plan view of,the hodo~cope is ·shown in Fig.le., . 

Figs. 2. and J represent the;hodoscope,system device.·The device consists of. two parts: 

a control system selecting events of • ..7(--meson interaction in a hydrogen· target and a 
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hodoocope 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. .:n:-~~eson bea:~ 'wa:; select~d by the teleacbpe of three scintillation ~~un­

ters in'coincidlmce:.·Assointillatorsthe t~lan·c;ystals of 25 X l5 X 5 m~J were used. 
' ' ' ' 

They were connected with, photom~ltiplier <P3Y-l9 by means of a hollow light pipe with 

· walls of aluminium foil. The fourth sci~tillation codnter wa~ placed behind the hydrogen 

target, the solution of terphenil in phenilcyclohexane. (Jg/l)poured into plexiglass con­

tainer, measured lJ5 x 1J5 x 15 mmJ, being the scintillator. The container was connected 

with two photomultipliers by means of plex:i.glass light pipes. Around the liquid hydr,op,en . . . . . . . 

target• for detection of .7C-:.·m~s6ns: scattered at solid angle oubtended by hodoscope· coun-, 

ters; the fast gas-discharge counter~ wer~-piaoed (Fig.J)4). Their cathodes 10 mmindi~-­
meter·and 0.;15 mm thick were made· of stainless steel;' Th~ molibdenum wireO.l mmthiok 

, , , ,,~ , , , , ,, 

wasbken as ananode. The counters·werefilled.with met1lal·~ap6ur at the.pressure•l60~;·· 

200 mm Hg. In the de~ice iJB me1:1lal:co~rit~rs were ~sed whioh-~e;e:devided .into 12 groups·· 

symmetrically about ,n:--m~son b~alll·.:~h~:w:~es of the counters in each gl'oup were connec-­

ted together~ The counters detected . ,n:-:.;inesons scattered in .the angular interval from i .,, ·.• 

20°, to. 160~ in the l~~o;atory< system~ Th~~~ c oun;ers,. were placed with'. overlapping which 

eliminated the registration non~ef!iciency conditioned. by passing the particles between .. · . . ' .· . ' .· . . . . . 

counters •. , 

' ;rig.2>sho;~~the vertical ·section of a liquid hydrogen target. The container for. iiquti · 

hydrogen!lnade of ~tainl~as steel-·0.2 min thick Was .devided .into 2 parts: the working and.·.· 
' . . . . . . . . . . 

the)l:ddi.tional ones which· were connected with a· tube 20 mm ·in .diameter.· The .working part: ; 
. '.. . ' . . . . .· . •' ' ( . . . . . . . . 

of-· the hydrogen ·target was a cylinder 80 mm in diameter,: 100 mm long' .the thickness of the 

. ~ront'and.:ba~k ~alls bei~g o',l·mm~ The c.riinder .. axis coincided with.the. bea:~ direction.· 
.:. . '' ... . . . - -·-·· -·- ·----- ·--"·- .. - . . . . 

.The hYdrogen·~ container of stainless: steel ,wa~; SUrrounded by three styrofoam· vessels •. Eva- · .· 
··' ·. ·' ... ' .·,.,. . ' . •·.· .. ·.·. . ·: . 

porating hYdrogen -passed through: the .. ves~els ciool:i.ng them~ ''l'o reduce ·the rate {of,. hydrogen 

.. evapora~iontha<.oa,s:i.~g::containecl th~.l~quid~;nltrogeri .was ;inaeri;ed .. between .6vo< styrofoam .. 

ve~~els ~ ~h~ tri;~~t p~rritit:t~cihb. h~u;, s operaH.on w~ih'~iq~id eydrogeri;. The quantity of 
.. ··,, . . . ·. . ,•,. . ._~·., '. . . . .· .. ,. . '. : ' ·' 

liquid: eydrogin1.· in>, the target was determined;b,Y :means·: of. styrofoam' floating' level. In: the 

pass. or' a meson 'bea~ the target' ~allo: w~r:e: of o~6 g/cm2 :thick. . . . 

· .. Fig• 4 gives .the block:_;diagram of the· e_lectrbnic apparatus· controlling. the •operation: · 

of'.the.hodoscop~systemof counters. The pulses from:photo~ultipliersof scintillation 

counters l,2,J,4rwere fed ·to amplifiers with' distributed ·constimts (.passband is 80 mHz) 

arid, th~n to a cireuit:.wh:tch :registe;ed: coincide~~es ·and anticoipcidences of' the type 

(l+2+.)) and (l+2+'J),..(.)t4) Where the ;figures dljj')Ote ,tlle numbers; of .scintillation counters • 

. (L'he;'~()inoidenoes o:fthe first type correspond, to .t:.~asons hitting the liquid hydrogen 
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·.·:' 

target.: and the coincidences of the second~ type to.~ .,1t:':.mesons 'interacting in the tar~et. 

The :pulses, from the. rnetilal counters. placed arou:nd 'the liquid hydrogen target were 
' ' " ' ' .. . '• . ~ "' ' ' ' : ' - . : . . 

fed to amplifier-former, then to the mixer and further to double coincidence circuits. 

The. double·,~-~i~c~den~~:.o~;~~itwi~h the res~lv_ing,ti~e 5 ~· l0.:.7 ~eo sep~rated. the coinci­

deric'es betweeri the pulse of the type (1+2+J) .;. · (J+4) and the pulse·. with a mixer, formed a 
. . .. r~·: ... : ~, '· ., . . .: .. . ·,·~. _,-~, .. .·: ,···- __ , .. -,,_,; ·. _.._. . ~- ." 

pulse controlling the operat~on _of the ,hodoscope part of .system. By me~ns of 12 oo:inciden-
. ~ . . . -· ·,. '. 

ce circuits a group of counters was separated through which a particle has passed and the 

neon lamps switched· on*. 

The control pulse triggered· a high voltage pulse, generator. and the circuit of con­

trolling.the:additional device~. The genera~or circu~~ .wa~ ~~k·e ~hat d~~c~ibed. in2Y. To'·' 
- ' • •.. . . . "' . 1 ·'- . . " . . .. ' , .:- '· . .- .. . . . • ' • ~ ' . . "· ' . ; 

increase the power of- a supplying pulse eight lamps fH:~Jo were switched on .in output cas-
- ' - • • ~ - ' .- " ·-- - ·- • ··- • ' -· ' '. '· • •• • ' • > 

cade. The_ puls_~_s. of O.e· jtsec} long with an amplitude. of about 2. kV were fed from a ge-

nerator to.hcdoscope counters. 

The hodoscope counters were placed in four rows behin,d .. th,e, con,~rol_:counters filled 

· 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 in the_ rest of three rows.there .were ... counters MC-:6 
• ' ' ' •' '< ' '-. <' ·.,• • • '/ ' ' !' , ~I,; • , ' < ' 

with an' anode 20 mm _in diam.eter and 190 .mm .long. In ~11 _ther~ ... were .used 426 hodoscope 
. ... . , r "• , , . , . ; ~ ,. , ... , , -

counters. in .the device • The_se .counters like _the me,tilal one,s.}ir~re placed with overlapping. 

To detect:. the discharges -in hcdosoope, ooun_ters the __ u~.e :was made _of the cold .. oathode _thy­

ratrons MTX-90 in which the third electrode was not employed. The ne?nlamps were arz:ans.~d 

on the panel- inthe. same way. as the hodoscope counters. On the same panel two neon lamps 
' . . . ' ' ... · '" . ' ',. . ' ' "• ' . ~·. -~ . . ,_ ' ... -~- ... , 

were placed as·markers. which made.the.treatment of photographs.easier (see Fig.6), 
. . . ~ .. . .. ' ,_ ~ ·' ~ . . . . ' ' . .. . --. ,. . . .· . : •' . ~;··.; . 

Fig.· 5 represents the diagram of one h~dosoope :cell._ Usuall.l: ~he n.eon lamP.s did %lOt. 

light as· .. thir anode voltage·' :V =, 100 v. was tak~n to_, be _lower .than that of lighting ,but h~g~ 

her· than. the·· voltage of, putting. out. In lig~~ing:UP the. neon·. l,am}) s_trong~ ;~.11-~ted,_ ~~e ,. 

load· resistance-.· This .led to high ;Current flowing ... through the. counter ,in &.moment .. when. 
·- . . •• ~ ~ • • -. •• " • ~ ' '· ,- • ' .:.· •• :" • t ·'· ' 

the're was the· high voltage pulse on the counter as .. well as to.the .distortion of supplying 
• • l > ' " " " " '<• • .' • ;_ ~·• • <" •" -' •-' ; '• • 1 < '• ,, ,• , - {, ,: 0 C • ,-, 

pulse form. 'To' eliQlinate .:this ,phenomenon,,the/ additional resi~tl!no.e. of 10. IC.A., .was swic,toh-

ed on· in series with·. the resistance of 20 .. I(A • 

The circuit of 'controlling-.the add; tional•devices~1 fu~f1lled. t~e,follow1ng, ~u~oticns: 

a) 'put 'into: operation ;the· eleotromagnet .. mechanizm .triggering, the_:Ph?tor~g1ster; b? .. s"!it­

ched•.on the .. blocking o:f':"the.oontrol•pulse forO.J secrin.the.oourse of photographing; 
, ... , •••••• -d"; ,.,.,,.,. "'· _, '· ],_ '' .... _,· .• ......... ' "" •• ' ' 

c) ;put • out· the 'neon• lamps after photographing; , d) m6\de .-the" -~;e~tromeoha.nioal c ounte7 of ... 

stills placed on·' the ·panel with neon lamps work ... .).': 
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A ·camera KC-50' used as a photoregi~ter in order to take the photographs with the 
' . : ~t ' . 

aid of additional· electromaknet :~The t\n-nhg of the· image of the neon lamp panill by 90°.; .· -· ... , . 

by means of a· ~irror made 'it p~ssible to'~place the photoregister below the telescope •. 

Fig. 6 gives on~· of the pictures takim at the work ~ith a hodoscope; It repr~sents 
the. ~l~stic .·scattering of. th~ r..--~escin'.on hYdrogen; the recoil' proton passed through· two 
rows of hodoscope counters .. and stopped in. a· copper :fi~ter. The elastic scattering.proc.ef?s .. 
was tdentified by determining.the correlation between scattering angles of a meson and a 
recoil. proton which follows from. the energy and momentum conservation laws. 

.., ; !'.· 

In treating the photographs the measurement was made of the angle ~between· horizon-. 

tal·'.Proj~:cti'on of the' direction scattering' and that of Jl"~meson beam, 'instead of measuring 

. the. real ~~catter.ing. a:ngle e.· Ho~ever /the: difference between angles 9 and. 'f' is ;riot:.'>·:.· 

great; so, ior ':1hsta.D.c'e, if the 'scatt'erin'g; occured in the center of the target then at".: 

'f' = 20° emax= 22,5°, 'at · 'f'. = 90° · 9 .; 90°, •i:~.r1d at 'I' = 160° · · Qmih' 157 1 5~. 
Inaccuracy in determining the scattering angle of mesons in horizontal plane• at. the given;.: 

location of the'hodoscope counters is eqwi.l'to;t 4°. 

To determine the solid angle:~ubtended by the metilal counters the effeotive.length. · 

of these c~unters ·was meas.ured."· ror· t'hese ptirpose the metilal counters placed into·meson 

beam separate'd. 'bi'a'telescope;of sci~tiliation counters with crystals'J mm'wide 1 moved .•. 

per'pendicular~ 'to the b'eaJII.;'·Their effective length' was found to be equal to.•72 mm.·The ,: 

solid angie ; ov'erlapped by 'all the metilal counter's 'for particles' scattered in h,Ydrogen: 

target wasl~7J sterad. ... 

For determining effiCiency of metilal'counters group the measurements weremade at 
' • (" > "" "" • - • ,_ c • • 

which counter N 2 was placedinstead of scintillation counter N 4 1 andthe triple coinci..., 

dences of the type 1 + 2 +: J ·we;;_;e registered. ·In a hodoscope ·system 'the block at which 

the metilal riounters were placed., was made in such a way''that it was possible to rotate 

it ar~~d th~ 'vertical hodoscope axis 'with a. speed of l turn per 6 min; ,the. metilal coun-.:. 

ters were' placed into the meson .beam separated by 'sci_ntillation counters. The number of .. 

control'pulees was registered by'an el:ectron1o:recorder·: 300-09. The rMiStration of·.:. 
' 

/coincidences of the type 1 +;2 + J was :made by'the'same way.·FrOrn the ratiO"Of .. these.two, 

values the efficiency of metilal counters wa.s found to be:equal to 98~• 

·To'study the efficiency of hodoscope counters 1 ·the'block with these counters was 

turn~d at an angleef'so that the meson beam passed'thiough the'hodosoope counters.·The scin­

tillatio~coim.ters.were 'located in' the same manner as it was at the' measurement of the 

metilal COUilte~s efficiency •. The measurements were made at several: values of the. angle <P.. 
I 

The efficiency was measured at different values of the·constant voltage of counters and 

different supplying pulse delays. At the chosen conste1n~ volta.ge ·.· · Vc;= -·lvthe indivi-
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dual efficiency of the hodosoope counters at the resolving time J ~sec turned ou~ to b~ 
about 85%. The reduction, of .. effioiericy as compared. to that· obtained in, investigation of 

one counter2) was•ma:de due .. to·insuffioie~t.pulse~power. rn:future.it is. planned to use 

·more powerful generator.· with' hyd~ogen ·thyratron• 

The experience -of the work',with•hodoscopecsystem.having controlled pulse supply has 

showen that it is very reasonablecto'·use•:.the: similar .systems •. for· investigating such . . .. · ,' .. '· - . ., . 

phenomena as~ for -instance,· the .. el~stio:'~cattering;.of Jt'~mesons at small • intensities of 

incident beams • of•; the•:order;·of; sev:eraly.part:i.cles<. per. sec; the measurement of the recoil 
' -. ·: . - , ' . 

proton polarization·. in, the·. scatteriD;g·;ofL Jt;;;mesoris~· on. hydrogen and other processes the 

investigation 'ofiwh1.ch,?Yi'the: scintillation· counter• method would take much time of work 
. -~ : 

on accelerators'~· 
In conclusion::. the' authors;~\\'ish•Jto:•express· their/gratitude to· A.A •. Tyapkin for gui-

. " - . - ~ 

dance and help .in:the;.work,iNoML Kovaleva,.for·designing;,the main parts of the device and 
~ : . f.. : ' • . - . :' 

Yu.D. Bayukov\ for~ help•iri;w9rk.·;, ; 
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Fig.4'. Block-diagram of el~ctronic apparatus. 
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Fig.6. An event of elastic y;-_:: ~ scattering is repre­
sented. The first neon lamp in each trajectory 
showes metilal counter group through which a 
pa:Jrticle has passed. scattered ~- meson 
passe.d through four rows of hodoscope counters 
and recoil proton passed through two rows and 
stopped in a copper absorber. Left and right 
alone lamps ~re markers. 
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