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1. Introduction

Tl_is note is tl_e F,relinlinary report, of l.he result,s oi ol)tilnisation studies at. ANL

for Lhe prolJosfd scintillator plal.e calorimeter [oi" SSC.'(s) Iii this not.e we llave t.rie<l

to Ol)timise sollie of the basic parameters for tlie ¢aloriineter wilh il_e availal)l<:

simlilaiion tools at ANL. These sin'lulatlorl studies were carried oul. tisillg E(IS-I alid
' T

(,EANT 3.1 l(with GHEISHA 7 implelllelitaliou) ou ANl, CRAb" X_IPJ-I ¢oilll)ilt_'i'.

Tile various illl)Ut pa ra llletei's for GEANT alicl E(;S were optimised an¢l validaie_l

using tlie available lest I)eam data. Tile codes thus validated were used to ca lculal¢,

soille oi t.lle 1)asic l)arameters for t.lie scilltillator plate caloi'imeler for SSC willl

differ¢:ut ab._ol'lJer lnaterials.

2, Validation of GEAINT and EGS with test beam data

Tesi bealll dal.a ['l'om four different exl)eriments were compared witli l.he l'esull.s of

full shower simulaiioil using C;EANT and E(;S. Four beilchil_arl,:s liave beell cliosoli

so ['ai" i.o conipare t.lie test 1)earn res_llls wltll the silnulalioli.

Tile l_eilchmal'ks clioseli for this study are

a.ZEI.IS F([.,-\L Prototype ]kleasureineliis (2)

I).Balhow's study of E_I sliowers iii Lead (3).

c.\\':\ 78 (ZEI.TS) Experimeiits, ('alanesi el al (_')

<l.ll'oll Sciillillator ('aloriin+._lel • E×l)erin_ent. Bellini el al (.;)
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2.a ZEUS FCAL Prototype Measurements

, Tile ZEUS I:'CAL Prototype 111odules COllsist Of 3.3 Inln tllick Del)l_,t.ed l.Tralli,llll

a l_d '2.6 mm scintillator plates. Fig.1 gives the exl)erimental set tlp. The Depleted

l.lralliuln plates are clad in 0.2 into of St aillless Steel. Eacll lno(lule consists of I'ollr

20'"20 °- chi t,owers and is segnlented lollgitudinally into ali Elect.rolnagllet.ic (l,\i,,t)

IIadronic I (3,\,,,t) alt(l IIadrollic II (:3,\in_) sect.ions. Tltis geometry is cllosell I.o

oplilxlise the energy cuts used in (lEANT and to validate the silllulalioll r('sulls.

The _najor kinetic energy eut.s used in (lEANT are for lladrolls.elect.rons, neu-

t.rons axi(1nluons, and also for elect.rort,muon and lladron 1)remsstralllul_g alld I'ot"

delta ray 1)roductioll 1)5"electrons and muons. The sensitivity of the shower l)aram-

eters to these energy cuts is carefully evaluated. The Shower profiles anti t l_eenergy

depositions in t.he various modules of the calorinleter are estimated for 10 (le\' l)iolls

for v,'llich detailed ZEUS measurenleilis are available (el. Tlle el_ergs" cuts co_sid('rrd

are 10 _Ie\', 5 l_le\:, 1 l_Ie\",:?00 I'Ve\" and 100 Ke\'. Ali the (lEANT cuis are s_,i to

the same value for both active and absorber material.

Fig._';)gives the total energy depositio_t il_ t.l_escintillator l_lales as a t'u_ctio_ of

ali tl_e energy" cuts. lt can be seen that below the energy cut of 1 _le\', tl_e calcul_,!ed

total energy deposiiion is not very sea,sit.ire to t.lte c_ts. But between tl_e e_orgy

range of 1 l_Ie\: to 10 l_[eV there is a 20% change in calculated e_ergy deposition.

l;'ig.3 gives tl_e salne result as a f'_clio_ oi"n_utl'ol_ e_ergy cut settling ali oi ller c_Is

as :300 l(e\'. Tills also confir_ns tl_e above conclusion. It can also l)e i_t'_'l'r_,dt llal

rougl_lv 80_Z,.of the error in t.he GEANT estiination of"energy deposition due to

l_iglmr e_ergy c,_t,s is caused by neutrons i_ tl_e energy range of 1 _le\" to 10 hl,'\'.

Tl_e longit.udi_al shower profiles correspo,_ding, , to tl_ese e_ergv, culs are giw:,_,

i_ fig.-I and 4a. The shower profiles are nor_laalise'd to tl_e total _:,_e_g5"dC'l}o._iIio_

i_ 11_, sci_tillator. Tlm l_lots sl_ow Ileal tl_e diff_.ret_lial r.,_gv ¢l_.,l_osilio_ i_ I1_,,

scintillator la.\ees is se_siti','e to t.l_e energy cuts eve_ below l _l_'\" Talkie, I giw,s

l l_e cot_l_arisoil of t l_e calculated difFerenIial energy clr'positiol_ i_ I';IXi(.'.II.\CI a_,l

|1 ]iACII modifies with Ihe experiliieiital measurel_iel_ts (--'_.'l'l_e l:;_l(.' r_,stllls ar_, gi\_'_



lot" different eilez'gy" cuts, Tllere is a ._% cllaJige iii EIXIC ellerg,v dcposit.iol_ wllell tile

CUl.S illcreased fronl :]00I(e\" to 1 l_[eV. Tile result, sllows t.lla/, ai, tile ellergy cul or

' :300 l,_e\: the t.he agreement between tile calculat.ion and t.lle measurenle|lt, is Cl_lile

good. \Ve therefore cltose 300 KeV as the energy cuts for ali suljsequent. GEANT

calculations.

2.b. Bathow's Measurements in lead

Tile exl_erilnent.al geometry used hS Bal.how el. al is Silllttl_t.ed by EGS code as a.

rect.angular lead block of 20cm*20cm 2 transverse and 22..5 cm (40 ra,:!iat.ion lengllls)

longit.udinal diinellsions. Fig.5 gives a. sketch of the experiment.al geomet.ry. I_l

t.he longitudinal direct.ion the geometry was divided into 40 regions (one radiatiol_

lengt.h each). Tile energy of the incident beam was 6 GeV wit.h nornlal incidellco

on t.he lead block, The energy deposition was scored for each of t,liese regions. Ill

t.he transverse direction t.he energy deposit.ion was scored in .50 1)ills fronl t.lle bcalll

position to .scm (1 l_loliere radii). The transverse distril)utiolts were ol)tained at

two dilDtellt shower del)ths, at, .5 and 12 radiation lengtlts. The tt,ttltber of ex'(:'tlts

sinlulat.ed were 1000 and the error in energy del)osition in eaclt of the 1ol_git.lt_lil_al

alld t.ransverse bins were evaluated 1)3" a separ_te program. Tile st at.ist.ical error il_

enet'gy deposition is 1.F)% at. shower ma.ximum and 6% at. shower tail.The CPU lime

ul.ilisalion was 0.2 sec/(leV/event on (!ray.

Tile results of this si,udy are given in figs 6,7 and 8. Fig (i gives tlle loJlgitll(li_lal

sl_ower profile from the simuli_tion plolted along wit, h the experi_l_ental profile, q'l_e

a.greemmlI is good. Fig 7 a_d 8 gives t.l_e transverse sl_owe_" l)l'ol'iles al l.wo dilT(,rc'lll

shower depths, at .5 and 12 radi_tioi_ lengths. A reason_ble nu_l.,cl" of tracks could

_lof l)e count.ed beyond 4 5ioliere radii. It. ha,s also been observed thai file tl'al_S\el'sc

profiles are very sel_slti\'e to t lie EGS cut 1)aran_elel's.

2.c.3,VA 78 DU-Scintillator Calorimeter

The c_lori_mter consists of 101_]ln depleted ur_|_iu|n al_d ._)n}n_l)laslic boiler ilia,lot

t layers. Fig.9 gives a scl_e_nalic (li;_gra_ of tile experil_el|tal s('l Ul,. Tl_e tll)slr(';,lll,', , rl , i_ i_ ,, , " , I_ , , ,,, _ , ,, ,1
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uraniunl part, is made of 48 elements consisting of a DU slleet, followed by a scill-

t.illat.or slleet,. The Uranium is enclosed in lmm st,eel.Tile downstt'ealJl iron l)a,rt

consists of .58 iron a,lM scint,illator elements. The longitudinal sllower l_rofiles were

measured for Pions in t.lm energy range of .5 to 2i0 Ge\'. This geonlctry is silllul_i.ed

by GEANT. The fail region of iron scintillator calorimeter has no(, ])eel1 siilmlaled

in tllis study. I,ongituclinal shower profiles are obtained for .5, 10, '.2)0.40 altcl I:_Y)

Ge\.: pions. One t,lmusancl events are simulated for each case. ']'lie earlier Ol,ti_nised

energy cut.s of 300 I(e\ _ is usecl for these calculaLioJm. The statistical error at. eacli

poillt, is less tllan 4¢,_,. The CPU tinle utilizat.ion is 0.1sec/GeX'/evelll on (!ray.

Tl_e results are given in Figs 10,11,12.I3 and 14. Ii, can be seen tllat Ille loii-

git.udinal shower profiles fronl GEANT simulatioll is ill reasollal)ly good agrcenleJll.

wit.h the experilnental dat._t. GEANT t,ends t.o ox'erestiillate t.he el_ergy dcposit.iotl

t.owards t.lle sllower fail. The 1..ratlsverse 1)rofih:s were 1mt. available for cotlil_arisoll,

2.d,Iron-Scintillator Calorimei:er

Tl_is calorimeter consists of iron plates of different tl_icknesses arranged il_ a perio,.lic

(';-3-0 cm structure. Fig.l.5 gives tl_e schemat.ic diagra_n of the experin_e||lal set til).

Eacl_ l_late is followed by a plastic scintill_ior oft.hickness of T_u_n. Fl_eve were 99

sucl_ planes corresponding lo a total dept.h of 190 cm of Iron. Tl_e longil,tdi_al alt_l

transverse shower profiles were measured for electrons and pions of 20,.10 a_,.I 8(i

(le\".

Tl_is configut'alio_ is sinlulated 1)3" (',EANT and EGS. Sl_ower l_'oliles are ge_-

era l.ed for-10 and 86 GeV pions using GE:kNT. O_e thot_sar;,l events are siillulal.c,cl

for each case. q'l_e energy cut.s used are 300 I'(e\'. The statistical eft'oi' Oll eacll poi_l

is less l.llan r:_,. 'I'l_e ('PU tilne utilisalio_ is 0.I sec/(;e\'/eve_l. Tl_e l'(,sll]ls al"_'

given in figs 1(; a_d 17. Tl_e agreellle',_( is very goo_l.

l_or_l,.q to cool,pare l lie two progra_ns, llle E_I sllo/_ver l_roliles are g_,_er;_l_'_l

for l.]_e sal_e col_figl_r_:liol_ usi_g 1_ot1_ (;F, ANT all_l E(IS t'_r .1() a_l_l 8(i (.;_'\'.:"7(111

exe_t,s at'<:"sil_t_lal.ed for 40 GeS: case anal 2.30 e\'(:'_ll,s for 86 (le\" c'as_,. _l']_, _,_','_r

is lss('" l l_an 3_7_,. TI_o CPU lithe ulilisalion for GEANT EKI sl|,m'_'r si_l_l;,li_)_l
I

I



is_O.'2seclC_eVleve_t, a_(.l for E(;S ,-_O.:3se(.'IGevlevent. Tl_e results are giv(.-,t_i_ l:igs

18 alld 1.9. Tile agreement is good excepl, at. tile shower tail whet'e l lie sill]ul_lted

dat.a ave high, t.his tilne for EI_I showers. It can also be noticed t.hat in t.his case l.lle

agreenlent bet.ween EGS and (;EANT is excellent..

Ottr init.ial evaluation of t.lle results of this study so fat' is tll;_t to first or_ler"

GEANT and EGS reasonably reproduce test beam profiles all<l illlegr_ll ellergy de-

position. For hadronic showers, (lEANT some t.imes give longitudinal profiles tll_l.

': are high in t.lle t.a.il region (aft.er about. 3 interaction lengl.lls), t'-'or clectroinagllet.ic

showers, tile colnparison wit.h t.lle cia.ta of Bollini.et al.. sllows E(',S givillg lligl_

results after almut. 20 radiation lengths. For both ltadronic and el<'ct.rolllagll_'tiC

showers, it would be desirable t,o have more comparisons with difI'erent dala sets,

in order to separate the shorl.comiltgs of the simulat.ions from tliose of llle data..

(:areful benchn_arking is also desirable for resolution and e/h results, l_elatix'elv few

transverse exl_erimental profiles llave yet been found for comparisoq.

3. Configurations Considered For SSC Calorimeter

Tile pUrlJose of tllis stud\ is to evaluate SOllle of the basic p_raIllet.ers for a scilltill_lof

p]at.e calot'imeler for SSC. DitTere_t absorber ma.terials we_'e cotlsi,.lered ft'ol,_ tl_¢'

poilit of \Jew of t.he compensation, resolution and cost.. Tile sllower ¢limel_sio_s

are evaluated to determine the ol_timum tower size and t l_e lo_gilu,.lil_al sl_owct"

contail_ment. I_esponse plots are generated to estimate tile resolutiol_.

Three configurations are considered in t ltis study,

1. Dcl>let.ed l_Tranium - S<'iittillator

2. Le_d- Scint.ill_tor

3. Iron- Scintillator

I_ t_ll cases al>Proxil_al.ely col_ll_ensating ralio of lhicl<_csses of ;_l,so_'l_<,t't_,l

active tl_e'_.lia are cllosen basetl ol_ tl_e. l_levious studies (,;.r.,,.:,) 'I'll_, sali,'l_l I¢,al_',,s

of t.llese configurations a_'e given in Table II. 1_ these l>reli_i_l'v eslil_ales ,,[[,,r'l

o[" claddil_g h_s not been sin_ulaled. The earlier optilnised (;E.,\NT a_,l E(',S I_''l

_'Ill energy culs are used.



']'lie t lie paralneters considered foroptimisation are

a. The Calorimeter Depth

' b. Laieral Segmentation

c. Saml)liJlg Thickness

d. e/li I_aiio

e. Resolut.ioll

3.a Calorimeter Depth

The depth of the ca.lorimeter in tcrms of the nuclear interact.ion h.,ngl.h of tlw conlig-

ural.ion alld its effects on the slmwer containment and resolution have been studied.

This study is carried out for ali the configurations and for 10 (',e\" all(! 100 (;e\"

pions. The beam is incident in the Z direction at the middlc of lhc tower at Jlorillal

incidence.

l'-'ig 20 gives the differential energy cleposition iii the scil_l.illalor plat.es iii l lie

DU-SC'IN configuration for 10 (;eh" piolls and electrons and Fig 21 gives llle ixlle-

gral energy deposit.ion for t.he same geometry. The average of 500 electromagnetic

al_l 1000 ha_lrozliC evellts are 1)lot.ted. 'l'/w [:igures sllow tllat neal'ly 98% of l.l_e

Eleclrolnagllet.ic Shower energy is cotltained by" a thickness of 20 radiation ]ellgt.hs

wllereas only 207t, of t lie IIadrollic Shower energy is contained I)3"the same lltickness.

Tltis st udv is ext.mlded to det.ermiJle tlm total t,llickness of the ca lorillxel(.,r wlticli (.'ali

contaill a 10/100 GeV hadrol_ic sllower. Fig 22 gives tlle resull of tllis sltldy for tlle

DU-SCIN geos/let rv for bolll 10 all_.l I00 Ge\: pions, Tlle sllower collt_'tilllllelll i,i-

tegrated over t.l_e radius is plotted as a function of t.he calol'i_eler del)Iii i_ u_ils

of nuclear interaction le_gt.l_ (A,.,,_). It, ca_ be see_ tl_al, for I:,oI!_ l l,e cases a (;,\,,,,

deep calorilneter is s_tlicic'nt to co_t,a.in almost 99(_., of the l_adr.,_ic sl_ower el_'rgy.

A 5.\i,,, tl_ick ca lori_eter can conlain only 92% of the I00 (',e\' a_(l 95% of 10 (;ek"

lia(lro_ic slmwer.

l'-'ig 23 gives i he san_e result for lhe t.l_ree co_lfiguratio_ls. .-\l_,tosl !)8'7,, of I ire

l_adronic sliower is cont.ai_ed 1)3• t,l_e calot'in_eter with a thick_ess of (;,\i,,_ il_ ali

'_",.,,,'tlir(,e cases, in the Di.I-S('iN case wl_cre tl_e ralio of ll_e ra(lialion l_'_gll_ Io

2
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tile nuclear interaction lengtll is the s,llallest, aral t,lle sa_nl)ling is finer in t.crms of

radiat.ion lengt.h, the shov,'er is dense and spacially compressed in t.ernis o[" nuclear

interaction lengt.h. Tl_erefore the sllower conta.illment is t.he ])est for DI.r-s("IN case.

This 1)henomenon is nmre evident in figure 23.a. wllere t]le shower coni.aillinez_t

is plot.ted in t.ernl of calorimeter dept.ll ill cent, imet.ers. The imporl.ajlt praclica[

iml)lication of th!s result, is that one ca.ll afford t.o save Oil t.hicl<Jwss in DU-SCIN

case for a t'ul[v contained calorimeter.

Fig 24 gives the change in hadronic resolution, (o'/E)i,,f -(o/F.')t, as a ['ttnclioll

of calorimeter thickness (t.) at, 10 and 100 Ge\: for DU-S(.'IN case. The cllange is

plotted wit li respect, t.o a calorinletcr of infinite thickness (l.5,\i,,t) on a log scale.

Tile. plot. fit,s into au al)proxinlate straight line for both 10 and 100 Ge\" cases. ,-\

6,\i,,t tlticl,: calorimeter has a resolution whiclx is 3% worse t.llall tl_e infilliie (.'ase ['<)r

100 (le\" pions and for a 5_\/,,t calorimeter it, is worse by 15c_.. Fig 2.5 gives t]_e resull,

of t.l_e same st,udy for tlle three configurations t'or 10 (',e\.: pions otllx'. Tile cllal_g_" ill

resolution is n_ost, sensitive to calorimeter dcptlt in the case of DI.I-$CIN case witll

one radiation lengih sampling and least sensitive in the case of Pb-SC1N wlwre llle

sampling t.llickness is two radiation lengtlls.

Bot, h tllese studies confirm t l_a.t l'rom the l_Oillt of view of shower colltai,l_nel_t a_tl

resolution t.l_e minilnum t.hicl,:ness of t,he calorimeter must be aroused 6 int eractio_l

lengths for ali the three configurations and a thicker calorimeter only improves these

paran_eters margina]ls".

3.b Lateral Segmentation

'l'l_e laieral di_ne_sio_s of tl_e s]tower profiles are det.er_i_e.'d acc_lrale]\ to ¢,sli-

_al.e t l_e Ol_ti_un_ tower size for tl_e calol'i_neter. Tllese calculal.it_is aw _!o_, I,\

(lEANT l)i_i_g i.lle lateral el_ergy del_ositio_. Sil_ulatio_s are carri,.',! oui for ali

, tl_ree config,_rations for 10 Gev and 100 (le\' pions. They are also r¢'p_,aled for li,c,

p,'oposed projective geometry t"oi' 10 Ge\: case. Fig 26 gives the scl_cmalic ¢liagra_n

of the stridulated projective tower. Tl_e calorin_eter is at, a radius of2m t'ron_ tl_¢'

I , , ,, _r ,



illt(..,r_ctiou poillt. The loligitudillal diliwnsioJi of tile t.owers is $,\;,,r al_d tl_e ot,,ter

surface is ca lculat,ed accordingly.

Fig 97 gives tlm results oi"t.l_isstudy for DLI-SC.IN geonwtry for 10 Ge\" a_d 100

GeV pions. A 10"10 cn12 tower cout.a.ins ollly ,50% of the 100 Ge\: sllower wl_ereas

a 90*20 ct11_ tower collt, ains more t.llan 7.5% of the 100 (_e\; shower. For 10 (',e\'

1)iol_s, result.s are also plotted for bot.h straight and projective towers. For a "20":'20

cm _ project.ire tower the sllower cont.ai]lment improves by .2_"t_/_,.Tile l>roj('ctive

tower improves t.lle slmwer contaimnent 1)3" 1.5% in the case of 10+10 cm 'e tower.

Fig 30 gives the same result for ali the three configurations for 10 Ge\" piozls oill\'.

'l'l_e lateral sllower coilt, aimlmnt 1)3"towers of Pb-SCIN collfigu ra l,ioll for 10 (_e\-"

piolis is very similar t.o that of DU-SCIN towers. The sliowers in t lie FE-S('IN

lowers, wllicll colltains thicl< iron absorber plates, are fatter iii la l.eral dilllensions

and requires bigger towers to contain t.hem.

3.c Sampling Thickness

Tile effect of val'5illg the sanlpli_lg ttLickness on l.lle resolut.ioll a_tl co_l)e)_sa(io_

of the calori]_et(:r is studied usi_g (lEANT in the DU-SC'IN co_fig_lratio_ for 10

(le\" l)ions. The salnpling tl_ickness is varied froth 1 to 6 radialio_] le_lgtl_s.Tlle t.,-)lal

d(-'l)th of tl_e caloril_eter is 6,\i,,t for tl_ese calculations.

_I'l_ecl_ange ii) hadro_tic and eDctromaguetic resolution witl_ respect to o_e ra(li-

ation le_gt.l_ san_pling configuration, (o'/E),,x0- (o/E)_.x'0, is plotted as a t'u_ctio_l

of tl_e squareroot of the sampling thicl,:l_ess iu Fig 2!). Tl_e results are gi\'e]_ for

botl_ 10 GeV l_adrons and electro_s.The Electro_nagnetic resolut.io_ is calculated

by EGS and the l_adrouic resolutiou I)y (lEANT. The result.s sl_ow t.l_at t l_e c'l_a_g('

in resolution ol)eys a)_ alH)roxin_at.e squai'eroof law i]_ terms of sal}_l)li_lg tl_icl<_ess

for ])Oill Electromagnetic and l_adro_ic showers til)lO a san_pli_g t.l_ick_e._sof t'ot_r

ra(liatio_ I<:_gil_s. Two radialio_ leng(,ll san_l)li_g WOl'Sf-:llS IIlc resolutio_l 1)xG I_, 8

(7,,i_! t l_e ca.,_eof 10 ('ek' l_a(1)o_}sand el('ctro_s.

l'-'ig 30 gives I I_<:e/h ratio calculated by (lEANT a_d E(;S as a l'ul_ctio_l of sa_-

............. ,, ,(,,_,_:' for oile _(,,,ia_ior_ l ........ ]i g agr(.... t'llSt saini,lin '('s _,'_I wiil_ /_,,:,I ,,:,



n_easureluellts tc) But (;EANT esl.ixllal.es of e/h ratio relllailmd illsellsilive to vary-

ing sampling t.llickness when tile ratio of thicknesses of tlle absorber material to tile

active material remained salne. \Ve feel that this aspect needs further invest.igal.ioil.

\Ve are iii the process of implenaenting C.ALOR code I_ll at. ANL whicll is sltpl)OSed

t.o treat, low energy neutron transport bet.ter, we have planned a.n illdependent

estitlla.t.ion of ali these paralnct.ers using CALOR.

3.d e/h ratio

The e/h ral.io for ali the three configurations are evaluated using GEANT and EGS

and compared wit.h tlm exp,wiment.al results. Table II1 gives t.13e conlparisotl oi" _lle

results of t,he calculated e/li ratio for the three configurations with t.lle pul)iislled

exl)erinlellt.al result.s (-_)(0)(_._) The agreement is surprisingly very good. "]'lie ]ower

nleasured value fox" the ZEUS case could 1)e due to the fact t.llat the cla(ldillg is no1

l)eell simulat.ed wl_ich is in t.lle right (lirection II-') The agreemelll, ot' e/li ral.io willl

the n_easuremerlts in this section and il_ sect.ion 3.c mav 1)e fortuous. I1 can be due

to tile fact that in the configurat.ions considered, t.lle low energy neutron flux is a

slowly \'arving function of energy alld space attd tlle GIIEISIIA cross Scctiolls for lmv

energy neutron t.ransport does not ilitro,:luce a serious error in the cal,'ulaled i_llegral

energy depos;tio_t. Ilowever a. lnore del.ailed e/h evaluatioll l_as I)ee_ plal_,d will_

('ALOR code systenx which t.reats t l_e low e_ergy netttro_ t ra_sport _< 20_I,'\" i_ 100

lel.l_argy groups and t.l_e lethargy grot_p cross sections are obtained l_v flux weigl_t, it_g

the measured point cross sect.io_ data.

3.e Resolution

Electromagnetic and l_adro_ic resolutions are calculated using E(;,v;.' al_,l (;EANT

a_:l co_l)ared with t!_e availal_le test 1._ea_ results. Tl_ese calculalio_s ar_' ¢lo_e for

ali ll_e lllree co_figuralio_s. Tile e_erg 3" range cow,sidereal is ol_lx' .5-10 (;e\".

E(',S results for t.l_e DU-SCIN configuration for5 and 10 (lc\" electro_s are gixc_

in Fig.31 a._d 32. "l']_e resl)o_s,: i_lot for 2.50 eve_ils are give_ ['or bollt tl_e ,'as_,s.

:!1 ........, , ,,
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"1li. average and tile widt, h at, half lnaximuln are estitllated b v a 20 fit. Tile calcu-

la.t.ed resolutions (o/v/-E) from tlle fit are given ill Table i\." along witll tile ZEIrS

t I -I

measurement, s I1'_) The agreement between EGS results and ZEUS measurement.s

for el ,:":t,l"OnS is very good for both t.he energies. The response l_lof for PB-S('IN

case is given in Fig :3:3for I0 ('e\," electrons .The fit fed resolution is gix'ell ill Ta-

ble I\;. The experimental result I'`') is also given for comparison. Tile agreemel,t is

good. It al)pears t,hat. E(;S is al)le to predict t.lle elect, romagnet, ic resolution very well

for most, of tlm cases although more 1)enchmarkillg al higlmr energies fol" dill'el'mit

configuratiozls is desirable.

GEANT results for t,he DU-S('IN configurat, ion for both .5 and 10 Ge\" pions

a.re gix'ezl iii Figs :3-1:algol 3._. Tlle response plot, for t,ltousalld e\'el_t.s a.re gi\'e'll.

Tile calculated resolution (o/x/'-£:) from the fit, is given irl Table 1\" along wit.h t,he

nleasuretllent.s (e_). It, call seen t,ha t. the agreenmllt is sat.isfact,ory alt, llougl_ llle sil_-

ulat.ion dat, a is lligher t.han t,l_e measurement, s. The response plot for PB-S("IN

configuration is gix'en in Fig.:36 and t lie fitted resolution in "]'al)le 1\'. The exl)eri-

mental data ¢'_) is given for comparison. The agreen_ent, in t,llis case is ])ad due lo

some reason we are unable t,o determine. The response p]ct for t]le CDF celltral

hadrol_ calorinleter co_lfiguraliol_ (I:'E-S(:IN) is gi\'e_i in Fig.:37 a_¢l :}_. Tl_e Iil lcd

resolutions (cr/x/'-_) are given in Table I\' for 10 and _'25GeV aloug wit l_ t.lte CDI'-'

n_ea.sttren_el_ts I*'_). Tl_e agree_nent in this case is ve D" good.

For ali t,he t,hree configurations est.itnates of resolut.iol_ at l_igher enet'gics (i_ 1.1_'

ra_ge of .50-100 Ge\')are needed. Alter_tate configurat.ions are also to I)e co_sic.le_e,.l.

At present, these progt'ams are impeded due to CP LI time consideral ions. Tyl)ically

a 10 (le\." run for 1000 events fake rougl_ly an hour on ('IRAN" XNIP l-I for ali tl_¢'

t.h_'eeco_figurat, ions. The capal)ilit, v of('ALOl;l i_ 1)_'ec.licli_g lhe _'¢-so1,_1i¢>_is also

ul_clcr i_vest igal io_ ....

4. Conclusions

Tl_e mail_ conclusions of this study can be su_n_narised as follows.
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GEANT and EGS reasonably reproduce t,est. 1)earn profiles. But luore I)ellcll-

nlal'king is necessary al. lligller energies as fat" as resolut.ion, lateral distril_utioll ail_l

e/li ra.tios are concerned.

The ca.lorimeter depth o["6,\i,,t is nlinimum for t.he full shower cont.ainnlelfl altd a.

t.hicl,:er calorimet.er ollly lnarginally improves the sllower cont.ainment al;d resol ut ioil.

I_ t.he case DU-SCIN calorimet.ers, one can possibly have a saving on t.hicl,:ness.

A 10"10 cm 2 projective tower can contain 75% of t lie 10Ge\" shower. This a gre¢,s

well with ZEUS measurements.

The 1)ellalty l)aid for l..wo radia.tion h:ngt h saml)ling is of the order of (i to 8% oil

hadronic and elect.romagnet.ic resolul.ion.

The aspect of conlpensation in t.erms of two radiation lellgtll Salnl_lillg is to be

carefully lool,:ed illto, preferably by a. code like ('ALOR wllicll simulates low ellerg,x"

netll, ron t.ransport nlore accurately.
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('.omparison wit]l ZEUS FCAL _leasuremellts
I

Thickness Edep Edep Edep Edep Edep Expt.

,\ l_le\' % % % % %

101Xle\: 5_le\" lt\le\" :t00Kr'V (l'f.f d)

l 17:1.6 l:_;_l(', :17.2+-.5 3:1.1+-.5 :1:1.8+-.5 :10.1+-.5 :56,7+.l

2 150.5 IIAC, I 56.7+-.5 56.:1+.1

3 85.20

,1 37.30

5 20.10 IIAC, II 7.2+.5 6.li-t-. 1

6 .9.90

7 1.80

'rA 1._l,lO II

Salielit. Features of tlie Tliree Colll]guratiolls

IJU-SCIN Pi>S('IN I"o-S( 'IN

AI)sorl;cr llie,.liuln DclJl.Ut.aniulil Dead ]roll

Acl, ive llledltllli SCillt illat.or Scilltillalor _Cllil illalor

Al)sorl)er q_'ilickness 0.3'.] Clll 1.00 Clll '2.Pi till

Scilllillal.or Tliickiless 0.26 cna 0.25 cm 1.00 cln

lladiatioli Length 0..56 clil 0.70 clli 2.,12 cill

Nuclear Illl. lenglll 17.0 C/li 20.:] cii/ "2"2.(1,qClil

aw.,rage l)ensily 11.05 gill/c/li a 9.21i gin/till :_i 5.7!) gillie'iii :<

(;l_bal ])ilIIOllSiOII.¢; 60":60 Clll 2 (i0:':(i0 C!II '/ (;l]:_(;(I Clll 2



TABLE III

e/li l_al, io

SilllU. Expt..

DU-SC, SN 1.03+0.07 1.0140.04 (ref:?)

Pb-S('SN 1.054-0.07 1.054-0.02 (r_f9)

Fe-S('SN 1.364-0.10 1.404-0.10 (tell4)
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• i

ZEUS Prototype Modul.es 4P-1

(.DU/Scimt SCSN38 + M,/LS Y'7)
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