
El-95-380 

A.K.Kacharava1*, V.I.Komarov, G.G.Macharashvili1
*, 

M.S.Nioradze1, Y.S .Sopov2, Y.P.Tchernyshev2 

V 

BEAM TEST OF CERENKOV COUNTER PROTOTYPE 

FOR ZDF SETUP 

Submitted to «Nuclear Instruments and Methods» 

1HEPI TSU, Tbilisi 
2ITEP, Moscow . 
*Present address: JINR, Dubna 



, , 

Ka•iapasa A.K. 11 JJ.p. 
1 

• ,E1~95-380 
l1c11b1rn1111e 11a nytJKe yepe11KoBCKoro c'leT'IHKa ;1.rrn ycrn116sioi ZDF 

.· ,' . ' - 1· •. .. 

• ·_, • • ' -< { • ." • ..: • > ·, •• ' ,· ( 

8 1 pa6oTe paccMaTp11saeTcS1 ,•1epe11KoBcK11ii C'leT'IIIK non11oro BHYTpe1111ero 
0Tpa)Ke111rn, 11pemm111a•1e1111h1ii M51 pa1nene111rn •iacn1u a o6nacrn mrnynbcos BbIWe 
nopod •1epellKOBCKOro ll3JlY'lellll51. npoT~Tllll C4eT411Ka 6btJI IICl!b1Ta11 Ila BTOp114ll0M 
,;y4Ke ~cKop1nenS1_ l1T3<P _(MocKBa). Ha6momuiacb 3aBHCIIMOCTb BbiXOJJ.ll~ro c11rnaJJa 
OT op11e1naui111 pamrnrnpa ornoc11Tenb110 11anpmu1e111rn a_xona llY'IKa. 

~"' I ,. 

Pa6orn BblllO~llella B Jla6opanm1fll SIJJ.epllblX 1ipo6JJeM 
1

0115111:,. 

'· 

0penp1111T 0{n,CJIIIIICIIIIOro IIIICTll~yra ~JtepllblX IICC.ijCl!OBam;ii, lly611a. 1'995', 

, ' 

' , .. ,,' '' , '-.. ; ' 

Kacharav~ A.I\,. et al. . . . 
Beam .Test of C.erenkov .~ounter Proto~ype fo~ ZDF Set.up 

EI-95-380 

'In .this paper we d~scribe a Cerenkov ·counter of t;tal-internal reflection 
for particle separation in the m9menturi1: range where all types of'particles radiate 

--- -Cerenkov light. The Cerenkov counter prototype ~it,11 the lucite radiator was tested 
on the secondary beam of the ITEP, (Moscow) accelerator.. Dependence 
oLthe photomultiplier pulse height on the particle entrance angle was clearly 
'observed. · -
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B~1ic Remarks 
: I 

. ·,:; .. < '', ,- ' '. ' . ' . ,· ' . ' . ' .. > '\ '. \ . ' ' ' ,;.· 
! iu,this 'paper we considen_the Cerenkov Counter of totiiVinternal reflection pro-

• .~ • '· .' j, _, - s' • ' : • • • • • , .'- •• , < , • •·, • < ' .-· • - \ ' • • •• • • •• ' ' 

poscdJor · 1r/ /(and p/ d ,sepiJr,ation · and b11-ckground suppression at the.trigger level ... · 
;Ill the 1noi11entum range aqove_the threshold; We plan.to.use this type of the.Cerei;i.' 
kov:~ounier'in- the'forward d~tec.tm of.the Zern DegreeFacility(ZDF) at .the COSY-·· 

_:~yiidtrotr·on .(Jiilich). The ZDfis agene~ai'purpose i:l~tector:under constmction:-·u 
,is ;,;ten~ledfor inve;tigation of the X+-suMhtesholci p~oductiori [1 f and to study th~ ... 
~)xci'usivcde~teron break•upproces~ [2], . _ :. . . _ :· · •. · ••· ·. . , , · . , 

' ; We l1av~; well known e'xpression for the ·cer~i1ko~ ph6ton number reaching the 
C • ~ ' ' • ; f • •• • • ' ' ' 

photorat.hode:· ·•· 
· ' · dN h a . '· · 1 - · . .. . 

. . ' _P_. =; -sm219c e(o, E) dE ' . . . 
. . dL he 4E , , . , , . · 

• ' ' \ , ' :t ' • '. / ~ 

'" where ic = arccos(l/J3n) is the Cer~nkov cone half opening angle and E = 21rhc/>. ', .. 
, _is· tl1<:~ui~rgy cif the inadi~te.ct pl~oton. ·_ We have' a;sumedthat e( o, E) i;dhe factoriz~ '. 

. (iible'ligl;t s~Iledio~ -~fficienc;:y, unifon~-.o~eiE ande~ual to the fr,acqori of the light . 
. reaching tlie ;photodetector e( o,.E) = er'!:!.</>( o,'i?c) /21r with constant light, propaga· · 
'.t.)onefficiency er, .6 E [oo, Do+ ~o] is· the paiti,cle entrance angl1, with:Oo radiat6r 

·. i11clinatio;1 angle a;1d tlie angular spread ~o of uniform' distribution: '· 
•. , .The llUlllher.,of_generated _photoel~ctr6ns in •.thephoto~ultiplier (PM)· with the 
:co;1versi~n~I efficiency ePM is ~qual-to. · .1 .·. ·. · · • · · 

• . , • ~ I -' • ' • . ' ' 

- .,i.; ·,~•·, .. --~,,.-- ·:-J /'. ·\·, .... ,~·-_,,...__ ,', ··\.,, .:~ . :_.· -~:·~~ ,:':·,' ,·~: ,:···, :;;-

',;)'he idea is to make use of.the total inter?al reflectioi1 (the angle oftotalinternal .. · 
,rdlection: ~R. = arcsin(l/n)) for'the Cerenk~v light collecti6n for partide.s with 

. 'higher /3 . through thr. radiator_ inclination . angl~ -selection -[3] .1 The. proposed_· Ceren-
... . .. ..·. .; ·' . . . ·. . .. . ... r • 

kciv. counter characteristics were studied by Monte~Carlo simulation using· GEANT3 
· packa~e [4] for particle_tr~ci11g. ,Th~ p~~tic)e~,w~re geriernted at th~ pointlike targ'et. 

' . • ' . ' ' .·_. • ' . ., ', • ' l .•. ' . I. • 

. ,and traced straightly, to the count~r.' We usedJucite for the _Cerenkov. radiator in, 
' the simulation program. The Cerenkov cotint;r ~onsisted of a plane parallel r~diat~r 

connected with PM on one side. Radiator di~1ensions ~~re 50x10x5cm3 •.• · 

. ·•:",• (,~'":. .<; . , , , , ···,._: . " ,:'.·;·' ·.·· ·.... , ( • ... · -<i. ;'- 1·: . ·, '.!:.:'. ·.:\; • . 
. •. . For eac!1 event we calculatedthe amount of Cerenkov lightfractfon that ryach_ed' 
'1PM; For the light fra~tion detected by PM '\Ve used a simplified algorithm for the .. · . - ', . . : . ,,'' · .. ·.' - . ' . . . 

1 



) . . 

' . . ·. : ' :i. . \ ;. ... -; . ' : . . ' "'' . . ·.. ,, ·;. . ; ,'. ·. . 
arc~</> estimatwn m each generated event (mstead of ray tracmg). I IH., arc ad1,·<· . 

_fradio~; ( or det~ct~bje p~r,t or cJ;enkov iigbt) was defined as: ' ~ . 

". ,1,_·. > _· · (·tan(i?~+_ 8))··: D.'I' = 2 arccos · . . . 
.. _ _ _ · . ' .. · : : tan 1?c · ·. . 

. If i? R+8 > {Jc ; total internal reflections do not oc"ctir and-~</>= 0. TIH· ,;hotm·a1hoel<• 
conversio'nal efficiency EPM was taken eqtial to 0.2 and the; light propagatio11 e·Hicii·11cy 

, Er == 0.4.'' ~E = i .2 e V for 
1
lucite. 'Tl1e indinatic>i1 a11gk· o ~ 0° 't·orri•s,;ouds to 

'.; _perpendicul,;r particle entra;ce directio~·and O := -90°. to the Pi1traucc fr.olll tll<'fr<~: / 
side of the radiator. 

·, t' 

· .. The_follb~ing ,factor; i~fl\l~~ci1i~ the particle dctcltio11 dli;:iC'l1cy ,\\'(')'(' t.,\k1·11 i Ill;;': 
account: • .r ~-

, _, , ' , ,\ ·•, , ; .~ •, ' ': ·I , '!- •, '. ·_ '.' .' , ; .• ,, ·•. • ·, ... h , 

.. • .The particle momentum spread for one counfrr in the acccptah!P range,; hi•c.in:-fr• 
ofki~~matical and geo.mctrical fluctuations ·auchh~<~- to:~ncrgy hiss/<;; It gives: i . 

·-~P 

p 

: ~-~c[deg],=; (o/3··.52)2_•~]) [%·L,. 
. , ~ p . 

< -. ; • • 

3% .. at 1:.5cieV/c gives· ~i?c'=='l 0 

-:,_,_,· 

I •. V~ri~·tions of the partid~ entran'ce a~gle an;l p~sitiondue t.o the ai:c:e;pi.alil/ 

angular :range 'arid :multiple Coulomb scatteri~g; In .the sirn;1lat.ion progra;n wl' have 
~sed most unfavorable geometry:· th~ e;1t'ranc~ angle spread was, t.a1wn. cqu'al to 

,~8=5°.', . , , , .. 
'/,( , ' . ' • , ~ • ~ I , • 

' ?• 'jTh~ nuII?-be~. of c~l~1*ite{p~~toelectron~ )i~s bec;ii ·11n~lc~rgor{c_to tlu; gauss' 
'fluctuations on the stage photocathode-:- first dinoefo,with u_. =: ~: . · ,. 

~ .• · ', , , ' , r ---,,. • / 1 

· The fa~tors such as,radi~tor optical dispersi;;n, light at.1.c:miation, ;,iwrgy lo~s1·s 
· a~d multiple ,scat

1

teririg.ii,'side th~ 
1

i-adiator were' uot i:~msid:,rce~. H, is :,yid1;11t. t.hat
1

' · 

these factors,are"not significant (1naybe excei)t .the light atten11a.tii;l1)., ' . 
• •• _:: . . _·\• •. •, , • , ~ ' '.· ;. ,;-:', 1·, .\ '.; ;- ''. , ., .• j,•, ;·, 

. 'rn fi~.1- the 'particle detectiolefficie;1cic~• (e~prcsseid•af! 'ai-i: ·,u:t.ivc ifract.ion ' 1ts.'1>) 
for tario~s ~adiato'r, ~rientation angles ( li~}are sl;c;w11' for /(· and 71' m:'SO!IS in·tll(; 
mom~nturnra1)gC0.8±0.02GeV/c.· ,° .. ' - . I' 

_, _The co~resp~ndihg pulse heights for: th,e h~~:it.c railiatiJr. _arc pn✓-~()IJl.cd i11 lig:~ . 
In the simulation piograr~ 1000 input' ev~nt~ were gt)llCrat.ci[for cadi' pit_rt.id<'· type .. 

Jn the presented r~sults pulse heights from PM are·cxi'm,ssctl in. t.iw phot.1i<:lc1'1.ro11 
mmibe;; but,:as is:~videnUrom the ass~niptio,\s listed ah'ov~,, tl1c~() llllllllH·rs 'w1•r;. 
estimated ~pproximaiely. On the other ha11d, tlwy'rdh;d t.lw puls<'"lwight. r<'l,it.iv<· 

' -, : '", ~ / I :-.._' 

values·correctly.:. ' ' : ' ,·~ I • ' • ' •••. 
' . ' ' 
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Experime}1tal: Testing 

Thi'. {\·n·nkm· c:0111111·r prototyp;. was \1 11111111; par,1llel· !·adi~-lor 1i1~1;l1• or 1111:il<' 
(11 -~-- 'f.J!)) ;·ith a :r:· ,~~, ·,Fl~l'-111' gh;l'd 011 ,i,;, 0111' 1·1111 cl it. 'A ~-oltagc· cli\'id<T. 
or·, 11;,. P'.\I wa·so,;t i,niznl for 01itp11t' signal in ,-he li11;;ar i-a11g<'. Tlw a11·oc1:, ::,igu;.I 
d11ratio11· \\'ilS ~ho11t ·10011.< Tlw radiator \\'ilS ,;olislw,rt,11 a1r-;idc:s l'Xl';.,;, I hi• opp1;sit1· 

', -. - ' ·,· •• ,\ '-. < ' , ,, ... • • 

siilt- iif I h;, P'.\l .a11d w61pppcl ·11p iul,lackpiqH'r ,I I) s11ppn;ss I lu; clilf11sio1i rl'll1·ct iou. 
IJimc•n~ions of th<' radiatm: ~\'l'r<'. :l(i x · ! 0 ;>< lc11?. · · 

Tl!(' l'Ollnll'r,~\'ilS placed 011\Ji;; pla,u· i_hat al!O\\'l'd 11lac'i11g it al anp;lc:s from -'-l.'i0 
• 

(CJ +lii0 ,rdati\'/tc;,tlwlH'alll ,lin:ction. . . ' 'i 
. '.\J1'.as11n·ml'11ts. \\'('I'(' c·arri1·d'o11t Oil t 1;;.\1.;.1,nd,1n' li1·ani of !TEI' a1·,·dl'rat or. T1111-

• • •~ ' • ' ' • ' I o \ ' • •, ' • .• ' •, 

. ing tll(' opc·ratio11 mod<: cif. t hi· h1·am cha111wl di·ln1·11ts allow<'cl choi1si11g the- partich•s -
-. . - ' . / ' ', . . '; I· - . . . . ,., 

i iJ(a given lll(JllJi•ntillli a1i'cl tfol'. Th<' fntt'llsity or t Ill' ptiiiiti\'c~·part.iclP h1'a'111 witl;, ,,ici- , 
ml•,nl IIIJI LiiGr. V/c( with 3.JJ!p ~ ,±:J'i{,):,:(;,il;1i11i11g prolo_nj 1111/I pious. 1fas (:J + TJ)I0 1 · 
rc;i·.' aJ.~. spill duraiion :of 1.,', aud 'accC'lc-i·at i1;11 'cy1·lp or.ii., .• Tl11· .hPalll spot,, 011 till' . 

J·1·rc·11kc;\'. rn1111t.l'rii\.~S approxi'matc·I)· ':ln11 i1t,iianwt c•r.' . . 

TlwP'.\I anc1de fiul~c ,\rnsr;•~c~rdcd in illl :\.DC(IOhit.-Lc·Croy'2:WJA) plan·d ~11thi· 
· '. Ci\'.\L\C cilLP a,i'cl ai;ali~c:d 'i111~li1ir· h',;· I IHI~ P<.:/ AT. tll<' A I)(: ancl da:u/ac;p1isitici11 
'wc·rr·it.'.io-12;prc;d ,hv.-'t'lw.lH'ani sio-iial•··o1;tai1wd hy ciii11<:id1·11i·/or.'t1irfr sci1~tillati1;1, 

'. (:) .· :· .' ': :- ' ' : '" ' : . . 1. ,., • . ,' ' ' •. > • , ·,.. , • 

.<:01rnil'·rs. Thr·sc; tri,i?;w·ri,.;g ,\;,rntc·'rs \\'('I'(' located ,;, .~r dist.ann.; of aho;,t, 20111 And t.1_11• 
dday sr•li•tt ion allowed' d;oin: ,;r h1,tl1 prot.;,11s ;;11d 'pio11s in tlw· hc-,;f,1;-;. . 
,, ' '.\l1•as11r('i'iw11ts. pro~r,cd;:d 111ai11ly for :i.hl~ li1;i,i11 Ii it ting ofah1i11t 2!in11 fro111 the: 

'l''.\I. :h1vcstip;~.tio1i,of tlic sci11till;1ti;J11 was do111· at th~·
0

lwam .nlOlllClll.11m 0.8 (:,:Vfc 
( th~tis tli';, I hr;·shold r'.ll' 11roto,;s ). ':r1i/:,wi111.illai.i;111 i11 th1~ radi,it[ll' was ,'iiit ohst;rwd. 

·.-·. D;•p1•11d1·1u.'i• c'lr th~; f;c~c11k;J\' 1-i,;111d·r• sip;11;il ;)II. 1.11<' ':hi•;i,;1 <:11tni11<'1~ a11gl1· \Vil~ 
•, _' I r ' ' '. .' ; ) .' _> '•·' , • '.,. ·' _·. ·• ~' . ,· • ' '. \ · : '· ·• 

. im·1.·stigat1•rJ witl1tlic,IH~a11! ~·m1t'.1i11i11g )>~Jth prot.011~, (/1 =:= o,~!i} ~ml pi<JIIS ofmd111c·11-. 
t111n l . .'i(:r:V/<::·Protci11s with tl1is 111011w11t.11111 riidiat.1• (\i1•1;iikov light.-ccp1ivafoi'1t. 1.o 
1 b1,;:r<JIIS at·:J_OG(; V/ <:and./\' 111<'.S;Jtis atfL8 (,'d'/ c:. .. At. this lllO;;IClltl;lnlh· ,uigl<;c;r~ 

:C {'rn,11k1;v r~rliat.io11 in 1.i;c radiator ;i1,h a r<'frad,ivc i11d1;x 11 ~. I .!i is :iti" for prot'.mis 
. lrhil1· for-pious ii <,,1;1al~ ,18°' ~11d ;total illt'i;rn~l n:f11:ct.ic;11 iingl<· /;pmls ,1:/ .. 

' "1 • ,', , ,, .' .;· .\.,;_' .• •· I (•·., , '• • 

j ·._ . • ·' .• .. ' • . . ·. .' ' ' . 

H1,sul1s t,f i1tt:as11rc111c•1its;f1;r prot.01;s and ,pio11S\ilrc JH'c:-wi1t.(•rH1i lig.:L:As "is ,SCCII} 

fn;11; I his ligu;.,:. d1·1w11dc•111·;, ;;f,tl11· l'~I h11wk .p11ls1· lwi};i1t. 011 the ;11,e;lc-rdi~tivi; to! 
tlw )!,;.,llll ',li~c;cticm .i~-c1;,1r1y ol,s;·rv1f:'.Wiih ,ri;1.atio1/ i11._th,;:c1_i1'c·c;tio11. or 111·gat-,ivc: 
a11glPs tl1(•.,,11lsc. height fr<;lll 7r)m,~OIIS ris1•s ca.1:lici tha11 [<;r 1Ji-~1t.ous. As,1111,llt.i;llll'(I 

·. alicI\'C\ thf:{:01!1~ (;r c":cn,11kov raili~d i<;;, ror 1iroton~ i.~ 11/lrrowc•r, tl!crcfofe t11r i11crpasc: 
ii, tlic·:a111plii:11d1· Jor J,ri1t.011s is.sharp<:r. )th,, == II" a cb:rchsc ii1 t.lw aniplit.11111~ is 
st,ip1d;,t1:d~i11 :u,\, SilllH' Wi~Y 'tl;c sig11al_ is wdl ',·xti11g'11islu'.(1 liy, 1111ilt.i1;1,: ;:dlcrt.io11 .. ' 
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. At the positive angle disposition a decrease in thereflection number_occurred and . 
" 1 ' ' · ' ' , . " I ' , ' ' . ' _ ' ~ '' • ' ·:·'.:', ,' 

it also included the' reflections froin the.free side of the :radiator., That caused some:· 
/ . , i11cwasei11 ·the sigua( Foi· pious the' t?tal 'internal reJlection takes place even, at the, 

. · . pnpcndifular dispositi01i~ of theradiato; a.ud· ai~ increase.in th~ ~ighaLa.t nega.tiYe 
a;igl;·sis rnorcgen'tlf. lnthe ~~~e whei1both protons and pi~;lS radiate Cerenkov light 
lhe possibility of disc~imination is ~ell demoi1str~ted· in figA· cCJrresp~ndirig.to the 
dispo~it ion a~gle •-~ 109
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j Th~ :i,dvantages _of the prop?sed; Ceren½ov com1ter arc t!1: po~sihi)it,y of OJ)('l'iltio11 • 
at high Cerenkov rao.iation intensity (it incans good timi11g 1:iropertici; a11d high d('l.('C-: ' I. . . ; : I ' .. i ' ' I • ••. . - ,, I . ' 

tion efficiency with respect to 'the threshold Cen;nkov count<·rs, <'.g. Silica A<'rogd) 
and the threshold tuning with variation of the, rotat.io,; angl1•. Th;, )ll'OJHis('d ('('ITII; 1 

. kov counter is cor~pact:and does not.require complicated <:11g_i11ccring, Celli IH'.('asil_v i '' 

' standardized, reqti.i;es les; space th~n a conventiohal thi-Pslwlcl,(:('J'('llk<>V ('Olllll<:r for 

p~rticle separati~n i11: .the morri~ntmn rnnge· above the, t.hr;·sl;olcL .· .. ,' , 
, .. ,, . . . .-1?'\_,_·1, .. '' '·-1.,":::·i_\·.,·._.\_· ,' ·-,~ ,. t . : ,•.'· . .-·:,: _.·--._ . 
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