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,DeSiin' and ,construction 'of 'the prototype of':t~ lead glass 

eleotromagnetio calo~lIret~rwas'made. The characteristics', of- the " ' 
.. ' ." ... . .' ..." 

detectorwerestudied~, ,The~neriv resoluti.on of t~'detector 'In 
, the 'region of . ele~trcm~nerg1 es of 2- 5 &;V",~as' -: round' t~ : '"be , ' 

. described b;expn;~'~l~h~>-, ' '- ' 

c5 / E~ - ( 1.2'+ 4. 7/ (f. ) %. 
-, 

\~. 
, , •The space resolution was better than 6 mm.The deteotor responce 

was found to be linear witnin accuracy of o~measuren-ents up' to' 

energy of 23 6eV. 'Arter cOJJl)letion of the tests the full scale 

produQtlon ofth9 calorimat~r reve been ~~artea. ThebasiCgeo~t
ry of ·the calorimeter sections and scheroesof their elerrents are 

. .' -. ". .' .- - '. ',. 

presented., 
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An international collabOration of the Ferrnllab exper1ment E781 

1S constructing' a large spectrometer Sl::LEX for study of 

properties of charmed bar ions produced In the hyperon b&am of the,.. 

Tevatron [1]. There are decays of these barions involving neutral 
I 

piOns and ian'llla quanta and semllepton1c decays aDDlli trese 

physiCS processes [2,31. FlJr eIall1l1e these, inchlde electroweak 

decays of ground states of the oharmed barions: 

tl 
,y+1f"A: - A , 

A~ - f K-rrf."o 
A: -- pKo 

lfCA: - ;:D IT+ 

2:4-- 11°k" lio 
c!, 

z:~- Z+]To 

,!"adiati ye and strong transitions: 

~:-A: 7!c 

2.' .:... % y' ,
eO, 

. ' 

ana semUeptonic ~cays With electrons: 

A e - e))X •, ,-;:j" -€ ~X 
Q-evX 
A, ..... {Ae)~eY 

For measurements of characteristiCS of protons and ' '~'-'ren$ 
produced 1rftrese processes, 1t has been. '~d tobulld en 

electromagnetic calor111l9ter based on Che~~y oounters of tuil. . 
absobtton with radiators of' lead il~. Aocordll'l2 a 10W0ut ,or 
the experiment'the calorllll8tel" will OOOSlst or three st<rt.1Q1'lS. 

T~ basiC geOlJQtry of the detectors are presented 1n theT8bie 1-; 
\ . I _ ,. 

and 5000ms of their elements configur-attOllS are presented on 

the Fig. 1~ Si nulat Ion of the physical proce~ of - Product:ion. . ' 

and decays ,of the e,harmed' barions ( PYrHIA [4] ) : Iiyes 

lll1lti~l1cit1es and energies of the photons produced til thlt r~ 

of anltles' covered by the photon detectors. nus, thl first 

sectiotl. Photon-I should Ill9asure photons 10" the, etli&r&J lntervai 

of 1 - ~ GaV ( energy in the maxiDllDl of the spect.J'\lIIl' lsatlout, 2 .. 
- .. 

- 3 GeV ) with typical prpton IlUlt1pllctty of,,2 • 3 pel" event. 

The second section, Photon-II wIll reiister PIIIllaS With eM"1es 

between 2 -50 GeV (nmiR.IJII of the spectrum 8t)out 10 €leV) With 

rolttplictty about 2. The thtrd section. Photon:-I1I wIll J:lNlSiUI'8 

photon.o; 1n very forvard direction With eneiies' up to seve:tal ... . .' , 

hundred 6e\' (maxiDl1lll of the spectrum' is about 20 Gav ) .. with" 

'i:" 
~'" ',-:, '-. "-' ",.", ".:'... -,~,.~~, ' ~ 
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typical lIlJltlpl1city of 2. 

.To 4etermine' properties of. the calorimeter under 

conSU!Jction and to gain an experience of work at the Tevatron. 

the prototype of 'the calorimeter Wafi constructe~ and irradiated 

at. flrstin the eleotron beam of the ITEP 10 GaV accelerator and 

th&n . in the Fermilab hyperon~8III' duri~ t~ i99i test run. A 
descr.·iption of the protOtype and .the results. of th&se• . r. '. 

~ments are presented 1n the follo.irli seotions. 

", 
A PRotOTYPE DESIGN . 

':' 1b9 'prototype was constructed· as '8 small el-.et.romagnetio 

'oalOr.u.ter'ooosistinr or ;8 1IlQdu1es as sham onth&' f'i~ ~. The. 

". JI?dUles "~1Ilade ~indtpenden~ counte~ 'of -.hloh thearx-ay of 

~ .. desU'td d1.lISions 1Il!IS asSeabl.ed.· the main parts of the IQ1ule" . . . . -. 

J." 
are: a . Ie«! rlass, block ~ I'lld1ator; a photoal1ltipl1er ( PM) 

W1th,~t1o.shieldinr. a high vol~ diVider.. 

, The bloCkS of 1. rlas or TF::-l type ( a radiation length of 
~ ". 25. 

. 
,.) Wi thdiJiensions or 42. 5 x 42.5 .1: 340 . .. '(16 pieces).
.'" , . 

, ~85 .x 85 x 340 l1li ( Z 'pleces ) have foI'lllld th& prototype 

arrtiJ. TheAi' s1I8reoptioally ~led .ith the leadrlSss bloc~ 
.~ ~of';' ,optioal. St!100n rreMeto allOW to change the 

,
1Vs. ' 

'The ,bloelcsof 42. 5 x 42.6. wn Viewed bv .the Arsot 

FEU-~ type'and t~ b~~ of 85 ~e5 __I'eViit1ied bYF'EU-:110 

'IV S. ~ The Ptl s WI-.' sel.oted. ~t..;· astable flestlof a1t~ 
",itt-inc' diOd·· ( LFJ».Ttula.wortc'lfllr val~orhilh: wltale .wi., '. . .,...,. . ,. . 

,", 

4 

determined afd a PM gain stabilttywas cb8cked' with .11Iht, 

intenStty· equl~alentto aSlgn816r lOS pions transvers1"Cu. .
 

block ~r seCOh:1. Thi$ intensity tS'an e.cted _i_ nutoc~'
 
particles t~ one counter du:it'lKthe~.ri.Rt.
 

". There WE!re, steel and IlIJ-Jiletal cYliMer$ . !'Dr 

, sh1eldi~ around the fVs. 

,The high' voltage CUViders Went ~ .. a- •.teSt ,stand..... I; 

total resistance ot'the divider' was ~ 8.U)l)tia ror;~*"ar"i
 
FEU-84 and' 9.02' YJta tOr ttW PM or~110'''ttha~,c~t'';Bii
 

O~ 5%. An avex-8i8 di \rider cutTentwm about lsO,,*A' urlael" t.~1~;1 .
 
., • • ", .' -. • . 'i~ 

workil1l' condiMan$,
 

A U.stabHity ocnl:.rol at.' JUules' .....··"' .... C§f,,·
. ..', .' . .... .' ,.....•........ '\'t)
 
a I"fIl LED. the.' LED'~'.~ distrit:A¢ed toe.1Y :.~;~t~;<l·
 

d- '111ht; IU~ n.., J.S)"f1~by astabiU2lJd:~:'::'·
. ' -',' .,' :.-,.',... ,\' ,:,.--',' .,,.::1 

producl~ pulses • .ul'\an_1ttudeof4A.it'....tOl\}~:;~ , 
ns.A value of the L£Dsl~ ..:eqt,U~,to'.~" 

, ell8l"iY depos~t1on at 10SeV ( With: a va.rtatlOft. cr.:. ttw ~~'~. 
the ~'le or 2O'X ).·.·tht.LEo SCIUI'O$.~etur, ·'_:~llJl'~f:::i~~.,._?, 
.ithin O. ~"~ at 30°C sa its 11aht.~~was·.~1.'W1~~.~~;'.)~~<'"'~{... 

'-. :.,' "'," •.:" "', ",I. . .~.,>}._~.," ~-. ..,,::,~;f/l:"~~.;<,.i;). 

PII1fot~ ~1ST11Z 

.the prototype te~ lind ~.nts ~ 
wert o.,nled Out at th& ITEP acoelerator-
TevabOno 
'" 

" ' 

' . ,~,;~~';~;r . 
't~·.\r,:~.f:.~~ 

its char8Cteri$t1~:',~~?~~~i;;' 
and the 'f'''lA!ib:r~c~~'';' \ '1

:-:- '~'d ~ 
• '. ~'; $' 

, A:beaIII of pions enrldWd by eleCtrons With ..mUll Hi ~)<~{h, . 
..-- ot2 -5 lloY .. - In .1TS> t5J..A ~~;f"~4 
-,' 't:~4'~:'~~ 

'. ,'Jl, 

,'. "tt, ·t'·1 

~4:<,;iiI" . ·';'C;,2 ",'ti."; ;$':£';';'~'\ ,. ),,:,~,,i'." ..<;;-;. f,~·;."":;,,,.r: ''';;',,;:,' . :. ""'". i:I;'S' '",' j:\,~~< , ;,,:. ' ,:,,., ..>' . . .' " ~ - '·',.j'ii, , "t..,., '. :~c
~~!~ ....~~....~~__.~,:,l51.l:.(gJ4~"""';"'~'" .,. """~w"w~"".·),.,.· .. <",.-.,,..I'·'""t;,*,)i';·'" """-.. , ·.;~~."...,'L>.".·'· """·";'-'i'.AJ~:"'''''';' ' " ..... '", ',-." ~ , " , "l~~~~'~.:::· .;;,:.:.:~.i}. _'i;'JPi.~J . '~·~-'1:_l,.Y-".~~,:;1j''.Ji..~'~,:.,-·',~"·,,,.'. ~,t~;".-27~/Jf .,;,;~' ,.~.'~~~I,;·':':"1,t;...~~ '~"\I"J' ,"~!IU"t~"i·~'.E 
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sOintillation counters selected the beam partioles ( a plastic 

scintillator of a size of 5 by 5 D'III was used at the entrance of 

the test lIOdule ) and a gas Cherenkov counter was used to sa lect 

eleotron and to supress the pion triggers. 

At the first step all nodules lIere calibrated using the beam 

of electrons wi th momentum of 4 GaV ( a romentum spread of about 

1 % ). The beam was directed on the center of the rodule under' 

calibration. The PM high voltage value was tuned on to obtain 

the electron signal amp 11 tude of 170 mV as measured With an 

oscilloscope With an ill"(ledance of 50 Ohms. Then the counter 

outputs were connected to anal0i-digital converters ( AOC ) With 

sensitivity of 0.5 pC per count. Thus the equivalent ADC sensibi

lity was typically 20 MeV per Fan ADC coUnt. Final calibration 

coeffioients were obtained during the follOWing off-line analYSiS. 

From the observec distribution of energy deposition in the 

modules it was found that 88 % of the detected energy of the 

incident 4 GaV electron is deposited in the lead glass block when 

the beam is directed onto its center. ~re than 99 % of the 

absorbed energy in the calorimeter was deposited in the group of 9 

blocks in thiS case ( we did not consider energy leakage through 

the rear plane of the calorimeter). A typical ampl1tude slJ6ctrum 

as measured by the array of 9 oounters is presented on the Fig. 3. 

600d uniformity of the responoe was found when the electron beam 

scanned different lead glass blOcks ( between the' points A and B 

on the Fig. 2 ): deViations were within of 1 %as it is seen from 

the Fig.4 . 

Observed energy resolution in the region of electron 

( 

6 
l;t 

energtes of 2 - 5 GaV can bl? approXimated by an elCpresston: 

G""IE -(1.2 + 4.71VE) %. 

where E is the electron energy in GaV. The resolution was foun<:! to 

be independent (Within experimental uncertainties ) on ~he 

poSi tion of the entrance of the incident partiole into the block 

as shown on the Fig. 5. 

.Detector space resolution is determined by transversal 

dimensions of the eleotronegnetic shower ( a shower profile ) as 

well as a Size of the lead glass block.' 10 estiuate the shower 

proftle in the blocks a ratio of the 8lIll11tudes 1n twc blocks was 

measured as a function of the coordinate of an. entrance point of 

the electron beam ( Fig. 6 ). An observed slope of thiS our'/e is 

in agreement With a value of the tk>liere radius of theTF-1 lead 

glass. These data were .used to e3timata the value of a space reso

lution of t.he detector as a function of a beam poSition ( Fii.7 ). 

A coordinate determination algorl thin was used as dtscribed in [61. 

No corrections were JTade for the beam spread on the block entrace 

plane ( about 2 !lIII ) so presented values should be considered as 

an upper limit. 

Further studies of the prototype properties were carried'out 

in the hyperon beam of the Fermilab accelerator during the 

test run. The nain goals of these msasuternents were to study 

deteotor .properties for higher energies up to about 25 GaV and to 

make a flnal design of the detector lOOdules takifli into' account· 
.....~.4 

Fermilab safety requirement~ 

f 
,~~/ ....."""<..,_.Jo---..,,., ·L ..•,·_,....... , f'~ 4::..: ' .~:;~i~,
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The prototype was mounted 1n the beam in the Proton Center After cOJl1)letion of the described tests the tu11 scale pro
:'JrPerimental area of the Tevatron accelerator. A be,am or secondary dl1'Ct ion of the E781 e lectromagnet1c calorl,",ter have been started. 
particles With several momenta between 8 and 23 GeV/c was formed 

by tht hyperon magnet and directed on the tested detector. This Authors are grateful ror help and useful diSCUSSions to 
nerative beBill consisted of electrons. nuons arid hadrons where the P. Cooper. A: Dolgol,enko.T. Dubbs. S. Gerson. J. Lach. L Lands
eleotron fraction varied from 50 % at 8 GaV/c down to' about 5 t at berg, M. t.t:>inster. A: .Nilov. N. Rabin, 1. RuSs. L Stutte. S. TUnD 
23 GeV/c. The beam has a momentum spread of about 15 % ( a FW'HM ) and technical stuff of lTEP and Fermilab.
 
which was determined by the aperture of the hyperon magnet.
 

A POSition and dimensions of the" beam were deteMlinedby a
 

hodasoope of scintillation counters and a set' of ~roportional
 

gas chaJlbers. Only particles passing through the center the lead
 

Ilas~t block under study yere accepted.
 

. 'tYPical. ~l1tude spectra of the Signals of the nodule of a
 
I' f'size of 8.5 by 8.5 c!" are presented for incident particles Jromenta ' 

~ 
f of 8 and 13 6eV/c in the Fig. 8. A good peak due to incident " 
I',k 
',.'; electrons was observed as well as a peak. of a' Landay type due 
~) 

to noninteracting pions and muons at a low el'ld of the spectrUllL 
~£i~ 
t,~. The position of the electron peak as a function of the incident 
;i~' 
l·'· beam romentum is presented in the Fig. 9. The points corresponding 

energy depoSited by noninteracting pions J ...... 0.5 GeV ) and elec- , 

trons With momenta of 4 ~V/c ( IrEP data) are presented on
 

the same figure. Thus it was ·found that the detector responce
 

is linear for electrons With momenta up to 23 GeV/c.
 

..,
 

>, 
~ 
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·Photon ·1 42. 5 x 4.2. 5 x 340 576., 1360 x 11()5.· 425 x 170 

85x85 'x340 54 

, Phot.on II 42. 5 x 42.5 x 340 448 2380 x 1105 510 x 595, 

e5J a5' X 340 '.210 
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ITEP'LEAD GLASS TEST • 
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Energy 

4 I 

resolutloJ1 o~ 12 42.5 mm 
4 GeV electrons 

blocks tor 
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Amplitude ratio tor 42.5 mm blocks 
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. Fig. 6. A rat10 of ~litudes 1n two ne1ihbour1ng blocks 89 a 
Fig. 5. Electron energy resolution at 4 GeV as afunction of the' function of the beam position on the detector. 
beam position on the detector. 
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r-
FNAL LEAD GLASS TEST 

.Responce linearity 

AIic counts 
2000,	 I 

1500 I. 

. ,ioJ 
! 
I
 

~oo l-

I 

O!"" I I ! I ! 

o 5 10 .15 20 I
Beam momentum, cav/c I 

- AmplitUde 

Fig. 9. Observed electon ~l1tude 1n the calor1meter ~ a 

funct Ion of the beam mrilentum. 

'" I 

-/ A"'I:'~~'; 
<: 

'. -,,,",... ,~ .. :l~;""~ ~'''~~''~ '" ~.I ~~.;::.;~,., ,:::_\~,~, ,~~~2,~~:~jl~:'-~A' 

25
 

~ 

" .., 

r1]. A Proposal to Construct ~saE.'(- Segnented, 1.arKe - x Bartoo 

Spectroreter. Novemer8, 1981, Fermilab Proposal E781. 

[2]. S. It Kle1n, BU-HEP--89_16,Aur. 1989. ~ 
t"~_ 

':;.0:. 

[3). MARK III Collaboration, SLAC PUS.4291, june 1987. '~I
,,:,~.: ,... 

(4). PYTHIA 5.6 and jETSET. PhysiCS and tenual •. CEIlN - tH.60488/92. 
...•~ 

[5]. Ii Ya. Balatzet al.. Preprlnt 'ITEP,l981, N14D. 

[61.	 t.L Ya. Balatz et ale PNprtnt ITEf'. 1986,818
.;;;D. AIde e"t ale Preprint CERlt - EP/87-28, 1987. /;. 

'~ 

.' 

\
J5""'\I,"C~.::,) 

I 

M.E•.5SJIau 1S,~p •. 
XS:paRTepRCTJ.U<y. unOTOTlUa 3JI8KTpor.!arlmTHorO lfaJIOPm4~TP$ ~ . 

'" I 

,yC1'aHOBHit nSEJ.E1." . , . '. . . 

~O~aHO l{ _n~~a1'lI..2I.14.9~·)Qg'.a'X 60490 r/8' OWJaT~.ae'q~,:
 
YCJI.-II8~.;ll• .J..~O, .tq.-il:3A~Jl~i~io ~~f no 3K3., 3aRaa.l.09·
 

t	 "~; 

OTlIaqaTaHO B ;r.r3~. IIryZ59.MocR.3a, B. 'lapaMylllKKHCR8.li, 2;) 

..,.:

, " L~, .;~ ...it~~i':'(}:;:;:7:·~r"";, ."_·&:;~,~:,~,;~~5> 


