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A. V. Moiseenko,G. A. Naumenko, A. P. Potylitsyn,O. C.Saiqguchkin,
Ye.N. Shuvalov, M. N. Strikhanov!.1.S. Tropin

Institute for Nuclear Physics,
834080, Tomsk ,Russia

ABSTRACT

We have constructed a mock-up model consisting up of O slements
to evaluate the space and energy resoluticon of the NaBidWO 32
erystals electromagnetic calorimeter. The characteristics of a
mock —up model have been studied at 700 MeV electron beam. It is
shown that with cell dimenstons of about 2.4 cm one can achieve
accuracy of <3 mm in measuring the coordinates. The investigations
have shown that the calorimeter has fast operation, satlsfactory

energy resolution and good space resolution characteristics.
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The expariments GUEing a new generation of sccelerators. inciu-

ding RHIC, are faces with Lhe prodiem of appropriate choice of

materlais for detecting wlements of the crystal @2l ecLromagnecic
caior:maters (EMOI The cFyslals have L2 comply wiin Severad
reguiremenis, such  as high wpeac f operation, high radyalion
resisiance. small radiaiion lengtn, wmali vollere radias. ‘easic
Bility of mass productlion and iow cosi. »lc

The KaBi(WO, s crystal (p »7 58 GrewS X =1 =& 4 cm.,

st cdate (or Lne TMC ma-

ap @2 1F Y s suggesied as a potent sl T
diator. in our previous w«orx we exanined properties of Lhe crvs-
tal, Vi Lransparence, homogeneily, mechanical and <-intitiation

properiies, !adiation resistance and Teasibility

Pr OSuUC: RQ
iarge samples, atc. At room Lemperature Lhe or vslals exhibll o vioo
Lualiy ne scintillalion propertios uniess scinti:iating alamentc
are added. Otherwisze. Lhe orystals wmaetl most of Lthe reguir ements
{mposed a&nd can ba regarded  as Thersnkxov radiators for EMC it
should be siressed ihat these crysizls have nigh radiation resig-
tance ¢ ~ 10 Mradd,

Wo have construcied a mock ~up model consizling of & «lements
L0 evaiuzie Lhe space «nc enhergy resolution of the NaBiiWC O
crystals cleciromsgnetic calorimoter. Tach element was & 4 X
2.4 » 18 co? tungsitate crystal with poilished faces (it was surro-
unded from &l sides.except ohe end ‘acs, by an aljuminizac lsvsan

reflector. The crystal couwid be ~iewed Lhrough the oben and Dy A

small PKI-886 The latier wus surrounded oy o permalloy maghetic
shield. In addition, the crystal , PMI  ang signal eamplifier

were placed in & ©.25 aw thick sofi-iron case. The PHTs signais
after the Dreaaplifiers enierec the multiple charge-to-diglt con-
verier CCDCY. The mock-up model was testasd using a sacongary 700

MeV elsctron pean Srom the Tomsk

The &lisciron energy
spread was 1%, A nchumatic of Lhe experiment is shown in Fig.:
CDC was controlled by two tLrogger scintillation counters form ng
an eleciron veam size of § » 6 s at Lhe vock-up model. Two

scintiliation hodoscopes were placer hofnrs Lhe mOCy —uUp wodel Lo

determine precise position of

s ooLnt whars Lhe sloctrons wera

injected inte the crysial. TNy hoaosTopes consisting of scintil-

lation Tibers, ~ O 45 mm in diemeter, assambled in & :3C LR o]

§
144
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8 mm3 stack. The ends of the fiber stack could be viewed from
one of the sides by a GFEU-30 hodoscopic PMT ~1/. The hodoscopes
made Lt possible Lo determine the electron coordinates Lo an ac-
curacy of ~1 mm. The mock-up model was exposed to tLhe e-beam at
electron energles of 300, B00 and 700 MeV. Individual channels
were energy calibrated according to the following formula:

Erep = a1 + bl x AL, €1

where 1 is the number of cne of the 9 slements used, Al is the
signal amplitude from that element and Ergl is the relative elec—
tron energy. The ai and bi were determined at electron energies of
30, 300, S00 and 700 MeV for those electrons only that hit
the center of each of Lhe crystal. The absolute calibration was
performed for one point when the electrons were incident in the
middle of the central crystal, assuming that the electromagnetic
shower was within the dimensions of the mock-up model crystals.
A fairly good energy resolution was obtalned for Ee= 700 MeV with
AE/E < 14%CFWHM>. The resulting data on the energy resolution can
yield the upper bound of the fluctuating term in Lthe expression

for the energy resoclution of the mock-up model and we have

O/E =CasJE + D). Assuming that the distribution width is generally
due to photoelectron statistics gives O/E ¢ C7/JE > %, where E is
a few GeV. '

The statistics obtained was then used to estimate the space
resolution of the mock-up model.Fig.2 presents ‘he measured depe-
dence of the pulse-height ratio Ay/Aj;.1 for two adjacent counters
on the electron coordinate Xo. Xco=0 corresponds to the center of
Lhe Ci{+15th cell, and X.=12.5 mm its the boundary between the ith
and Ci+15th cells. From this ratio we found, using the method of
least squares, the racdial response oistribution function for the
shower developing in the tungstates. Two kinds of the approxima-
tion function were tested. In the first case the radial distribu-
tion of the total charged particle track length was taken ax the
sources function. The distribution was calculated for tungstate
by Monte-Carlo method using “CASCADE" computer code -2/. The re-

sulting distribution was then approximated by a one-dimensional
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spiire F(r) convoluted with a8 smoothing funciton of gaussian form
where the only unknown variable waz dispersion. By fitting the
light yield ratio an optimal dispesrsion of the “gmoothing" gaus-
sian was found.In the second case uke was made of Lhe sum of Lwo

Lorms
fCed= Al * @~T/T1 4 A2 x o T/T2 2

This form has been successfully used in Refs /3%, The follo-
wing values for ris=0.33 , r2=t. v and Al-A2+13.3 were obtained.
The results of the fits for the two cases are shown in Fig.2. It
is svident that the first version fails to provide adequate agre-
sment witlh experimont (XZ/ number of degrees of freedom > 403. It
ig likely that the distribution of the Ltotal charged particle
Lrack length for the shower in crystal and the shower response in
Lerms of Cherenkov light enteri g SM7 differ drastically in their
form. This lg supported by our eariy exper i mental measurements of
Lthe fraction of shower leaving the tungstate and the TF-8 lead-
~glass radiators at 300 and 700 MeV, provided Lhat the amount of
ii1ght at PMT is proportional to the sum of the charged particle
“rack lengths for the shower. The fraction of shower leaving the
crystal in our experiment was much higher tLhan the calculated va-
lue obtained by CASCADE computer code. Table 1! lists Lthe fractions
of shower leaving the central tungstate erystal and TF-S lead-
-glass radiator of (he same Cross sizes for 800, 700 and 1000 MeV.
The number in round brackets obtained for Ee=700 MeV with the ra-
dial response distribution function in the form (2. The it is

quite good.
Takie 1.
T 1 : . 3
Radiator 1 N 500 OO0 i 1000
. ; MoV eV L Mev :
s ] H 3 :
i v i ¥ A
! calculated ¢ 0.25 . o.28 P z
w8 i : : 4
Xper i ment H Q. B 3 O, B3 i ———— {
il : i ‘ !
: - : 4
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We obtained function CCr) in the form (30 using £Cr) and Mon-
te-Carlo radial distribution F(r) ratio.

CCr) = 1 - expl-ptlrS+p2d) <3

Function FCrd»CCrd has also good X -value for the experimental
ratio A;7A .1, Function CCr) is defined a leasl squares method,
and show in fig.3 Cpl = 4.0 , p2 = 0.021).This result removes Lhe
contradiction in Table 1. The easiest explanation of our results
ts that the photomultipliers “sees” the “shower -stem’ badly beca-
use of the Cherenkov ~adiation takes place at angles ~ 80° rela-
tive to the crystal axis. The light is detected very bed at this
angles.

Using form C2> of shower distribution we reconstructed the po-
sition of the electron incident point inte Lhe contral detector
of the mock-up model in linear approximation by the formula

Xo = L ¢Xt = E1) / J Ei <4
. i i
where { is the number of the detector used, %1 is the ccordinate
of the center of the detector, El is the relalive energy released
in the detector. The results cbtalned are shown in Fig.4. Also
given for comparison are Lhe reconstructicn data obtained by
formula C2) using the experimentally measured coordinates. A fa-
irly good agreement was obtalned. This coordinate reconstruction
procedure resulls in a systematic deviation from the "actual” co-
ordinate. There are a number of ways of coordinate reconstruction
which do not cause any appreciable systematic deviation s,
The values for the coordinates X,Y were definod also by minimi-

zing the functional

A2 =Tt E - alay 12762, 4>
i
where E; is energy released in the detector, g is the calculated
energy released in the {iLh cell with the radial response function
¢2>,0; is parameter of Ey distribution. The dependency between the

measured and real coordinates has been obtained to be linear
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(within the limite of (1 mm,0iQg. 92 Tha coordinate redonstruction
error disregarding the deviation was <4 mm (Lhe estimate averaged
over the areaz of the central detector) Flgs 6 and 7 exemplify
distrioutlion of coordinates obtained experimentally for Lwo ener-
giex in Lhe case where elecirons are incident in the middle of
the central detlector. The space rasolution depends but slightly on
Lthe 2ieciron energy in the 300 - 700 HeV range. This i1s accounted
for by the fact thatl atl low energies of the (nitiating particle
the spatial fluctuations of the shower are more important than
the energy resolution of the detectors

Thus, the investigations have shown that the HaBI(WO4L2 crys-
tal calorimeter sxhibits fast operation, satisfactory energy re-

solution and good space resclution charactleristics.
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Filgure Captions

Fig. 1 Experimental layout.
S1 and S2 -scintillation counters, Hi,H2 - scintillation :-odo-

scopes; C -multiple-element prototype of EMC; £ -pulse former;

TR -trigger

Flg 2 Average signal pulse helght ratio in two adjacent blocks of
counters vs elsctron coordinate Xc. Dols are the measured

values,curve i5 the calculated profile of shower (2.

Fig 3 Functiorn Clrd.

Flg.4 Shower center-of -gravity coordinate Xo at various 2lectron
postitions %c at 700 MeV. Dots are measured values for Xo by
formula C4). The curve was calculated by (23 The dotted lines
tx Lhe boundary between the cells.

Fig. S Shower center-of -gravity coordinate Xo ai various slectran
msosltions Xc at 700 MesV. Dots are measured valuss for Xo by
*ormuia (85). Toe dotied iilnes is Lhe boundary between the

cells.

Filg. 8 Space rezolution :n Lhe center of central crystal ot

300 MeV.

-

*ig.7 Same ax in Fig. 3 at 700 Hev.
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dopmur 60x84 1/16, O6rom O, 75 med. .
3axaa 131, Trpax 100 axa.
Manoe npeanprarue “Tlonurpadscr”
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