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ABSTRACT 

Hadron p11nchthm11'1h l"·obabi/1/1<.' "·' fu11cliu11.> uf hadron ene,.gy and absorber 

length fin terms of i11/rrnc/1011 lcnglh) 11/ the SSC are studied in detail using GEANT 

.Honte Cada szmuia/1011.,. E11Ergy t/J<clm. charged multiplicity and the angular spread 

distributions of the p1111chlhm11yiis 11rr. pre$c11ted. Total 11111on mies including prompt 

rnuons and the p1111chlhl'o1irrh ... 11rf cr1/r11lfl!f.d u .... f1t11cl1011.'i oj· rnuon transverse momen .. 

tum and the 1·a,,1d1t11cn1·r1·r1<1t 1r1th (,'/~.11 dc/rrlor baseli11t design. 

1 Introduction 

Expenments a1 t !1e IH'':t fr<'11Pra11011 ot l1adron colliders 1 SSC /LHC). operating at 

very high lummos1tirs 1 :o.1J - i0J 1c:11_'<_ 1 '· \\'ill allow us to explore the physics 

behind the electro\\'roi< ,\ :11111rtn· ll1·.,aki11!;. This implies the search for the Higgs 

~oson. ~cchnicoior. , .i 1H'I''-\ 111111et r\·. :1 . ..., ·1\·Pii a ..... l he search for ne\\' gauge bosons. new 

leptons and quarks. !.\.·ptu1i1l·iplio10111c !;;1al -.,ta.tcs '"ill be detected as the most 

~enseti,·e s1~naturC>s !\1r 11t·"· !li1,·.,1c'I .. \t the extre111ely high lurninosities. muons offer 

an ad\'anta~e m·<'r <'iec1:·011'· pl101011' -111ce 1 he tri1rner and the measurement can be 

performeci outs1dt> \)J. :lie 1·;11uri111L'trr.:.; 1c1s c1i)sori>ers of ha<lrons1. ',\·here the particle 



flux is low. for i1i~h lu111111osit_1· i1<1dron rniliders. 1nuo11 detections is therefore the 

first principie in optin1izin~ the detc:>ctor df'si~ll. 

Very broad physics topics ilt the T1·\" encri;y scale require the muon detection at 

the SSC to cover large r<1n~t· or tlw 11111on momentum. from few GeV to few TeV, 

and large solid angle. d,;wn to few dPgr<'<'s I rapidity larger than 2.5). Understanding 

the hadron punclnhrou~i" ;111d 1m1011 r<1tes is crucial for muon detector and trigger 

design. Ilowp\·er. p1111cl1tlirough .,i,,1ulatio11s need <'l1ormouse amount of computer 

time: in order to olHai11 t'<'<1so11.:1h!J,· :!.•.)Od ~pc•ctr.:-i. "':C" need to si1nula.te in total about 

13 miilionsi10\\'PI' <l(·\"<'lllp111e11t'") 111 1J1t' l;1iori111cters. ()ur strateg~' for the si1nulations 

is therefore: 

(1) To obtain [Hmchthrouglt probabilities for single hadron (mainly pions) with 

different energies and incident a111~les (therefore different calorimeter thickness) 

using full GC.-\:'\T[l] si111ulation" 

(2) The total hit distrib11tio11s in 11111on chambers and the muon trigger rates are 

obtained using IS.\.) ICT[·2J ~!0111<' ( 0 <Hlo program to generate pp collision events. 

The punchthrn11ult :11ob;il1iliti<"' ;111d 1lw muon <'ner!(y loss were then for each 

I'·::- <rnd k acrnrn111" 1., 1111' 'l"'ctra 1ii1t;i111ed from tile GC.\.\T simulations. 

It is the goal of this st11d1· to 1nm·ick deLailcd i11formation on punchthroughs which 

should be easily usl'd for 101al 11111011 rate calculations of any detector configuration 

for high luminosity liaclron collidcrs. \\"p lia,·e 11sed this information and calculated 

total muon rate with 1l1c <:[:\!detector liaseliue design. 

In this paper 11·c· 11·dl first dcscrill<' 1 l1e lllaiu parameters of the detector model 

and the pi1ysics \)[·oct"'"'(""' -.,ct rl)r i1.1dro11ic --ho\rPr sin1ulation iu (;E . .\:\T programs. 

In section three \\·e 1.\·1il 11·port t !1<.' r<".;uJts 011 si111ulatious of single rnuon and pion 

\vith different cner~i<·~ <t11d i11cid<'11c(' <lll!jl~s. Section four reports the results of total 

muon rate ralcula1io11s w1111 (; J·:\I d<'t<'rtor ;1t tltc SSC'. Discussions on the calculation 

uncertainties and the co11c1u~1011s \\"iii I)(' ~j\·cn i11 the last section . 

. ) 



2 Detector and Physics Parameters for GEANT 
Simulation 

\Ve have used a simplified detector 111oclel for GC.-\.\T (,·ersion :3.t-1), which uses 

the GHEISHA(:J] collision 111odel for a lull shower simulations. figure l shows the 

detector geometry set up: 

( l) 1.5 mm Berillium h<'a111 pipe located al a distance( R) ot LO cm from the beam 

line: 

i:2) . .\. simole Silicon e<"i!lral 1roci;cr 1ro111 ll=l:l-~-~ cm. wirl1 length=:lOO cm: 

(3) BaF2 [~! oilorinu·rNs fro111 ll=~:<-i:lO c111 in l>arrel. Z=1i0-:262 cm in endcaps. 

lthas in total n rct<iiation [1•ll!l,ihs (.\"u). <orrt'SjlO!lding [0 [.j interaction lengths 

( ,\); 

(4) Fe/Pb/scintillator "rn<lwitrl1 hadron calorimeter located between R=l45-335 cm 

in the barrel. and Z=:l:lO-.i-'iS cn1 in the endcaps. Its total interaction length 

equals to l 0.1.\ in the barrel (I '/ I< l. l). and I 2.3,\ in tl1e end caps. 

(.'i) Three layers of . .\lu111111u111 111uo11 chamlH•rs located al R=:l/O. GOO. S:30 cm m 

the barrei. Z=(iilO. 1112-i. l i--JO i11 1 i1e •·11dca1". Liner and outer chambers have 

10% radiation i<·11~th. and the 111iddle cl1amber has 20% radiation length. 

(6) All the subsystem d<'tcctors arc located in a large magnetic field (1.0 T) with 

the field direction along l he IH•a111 line. 

Table l lists the ,·alucs of the particle e11ergy cutoff and the physics processes 

setup in the GL.\\T lll"O!l,1"'1111 10 control r he show<'r cle\·clopment and the tracking of 

the secondary p;irt1cll'<..: 111 tit{' ci('t<"cttH-. 

3 Results from GEANT Simulations 



Table l: Parameters used 111 GEANT :\Ionte Carlo Sin1ulations 

•••**GE:\\T \'ersio11 :J.1416 D . .\TE/Tl:\IE 911005/2008 •••••• 

* * 
* Standard TPAR for this run are * 
* ------------------------------ * 
* * 
• C:UTGAM- :.oo GEV C:JTELE- '...00 GEV '.:'.JTNEU= '... 00 GEV * 
• :::UTHAD=500.CO MEV C:UTMUO=l00.00 MEV * 
• 3CUTE = '... 00 G ..... ~ "'v 3CUTM '... 00 GEV * 
• JCUTE = '... 00 GEV JCUTM = '... 00 GEV ?PCUTM- 10.00 MEV * 
• I PAIR - l. !COMP - l. IP HOT l. * 
• I PF IS = l. IDRAY 1. IANNI - l. * 
* I BREM - l. IHADR 1. IMUNU l. * 
* IDCAY l. !LOSS 1. IMULS - 1. * 
* !RAYL 0 . * .. .. 

3.1 Hadron Punchthrough Probabilities 

To obtain the punchthrot1!!h probabiliteis. \\'~simulated the shower development 

of single pions a11d kao11~ 1:1cidcntC'd to t 110 dctf.'ctors fron1 the interaction point. 

We have paraiiell.1· t1sed ""v11L !O \'.\\ \\·orkstat1011s .. , DEC-.3000 workstations and 

10 SGI CPUs to ru11 tl1e co11qH1ti11~ ,1obs for al>out G \\'eeks to study the hadron 

punchthroughs using GE..\\'T 1't1ll showN simulations. Table 2 lists number of hadron 

showers simulated in our st udics. 

In the following. 11·e prt>sC"lll mai11 r<'sults ll'hich are needed for total muon rate 

calculations: 

• Single,,.~ punchthrnugh probability: It is defined as X,..,/.Y, 0 , 01 where Nout 

is the nun1bf'r ot 1•,·<·111-, \\·1th ci1ar!!ed pilrticles leaking oul of the calorimetry 

and .\·ivtal ;s the total 11u1ni)el' 01· pion~ s1111tdaLed . . \'_,11t/.\"1utal versus pion ener­

gies at se,·er;d different 1nteration ien!!thes are shown in Figure 2. ,,.- and k± 
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punchthrough proDilitics at ~O degrees are compared with :7~ in Figure 3. 

• Single pion punchthrough charged multiplicity: It is defined as the num­

ber ot' hits in the inner la\·er oft he muon chambers from a single incident pion. 

~ote that if a low energy p;irticlc loops in the magnetic field and hits the cham­

ber twice. we i1ave counted it twice. figure ·l shows single pion punchthrough 

charged muitiplicities ill different 1iion t'neryres <rn<l calorimetry thickness (in 

terms of .\). 

• Norn1aiized 1110111entu111 spectra: [~ is detincLi ~1::; JJ_,,.,/JJ,nciiienc, \\'here Pouc 

is the n101ne11111111 l1i' 1 lt<' rn111cl1l !1rou~i1 particle~ and fl,'l..::1aenc i::i the momentum 

of the incident pilrt icl<'. ["or l<'<1di11g c•11cr<;y p1111chthrougi1 charged particles the 

spectrum is show11 111 Figure .;. 1:ip;urc (i and figure I ,J1ow the spectra for the 

second and l he third i<'adi1111 <'11<'rp;y punchthrough particles. respectively. The 

spectra of lo"· f'u1cu1ent <tt large .\ ~hO\\' clear enhanccn1ent at high p,nd/Pincidcnt 

values. These are comributions from l he night decays. 

• Punchthrough particle angular spread: It is defined as the angles between 

the out-going p11nchtl1ro11gh pilrticles ilnd the incident hadron. The angular 

spread is corrciiltcd tut he nor1naiizcd 11101nentu111. fie_;ure 8 sho\\'S ~-Jimension 

histograms. ~0 \'C'rSll;j /l,, 11 l/ J>u1t·i,itnt, for different incident [)iOll energies. 

3.2 Muon Energy Loss Specti·a 

The purpose to st 11d1· n111on r·11c>rg_1· loss in Lhe calorimeters is: 

(1) To obtain correct [l!·ompt muon spectra out of the calorimetry by taking into 

account 111uo11 t'!l('r!2.\' :11 ...... 111 t IH' ci1lori111et<>rs. 

f2) Tu learn ho\\· r\-, l·utT<'«t ~ !1c <'IH'r~y lo:-;s for total 111uon energ)' rneasurement. 

Figure 0 shows the <·1wr~y !nss '[>ectra for muons with different muon energies 

at different calorimet n· : i"ci<ne'5 1 in terms of .\). Tlie spectra peaks correspond to 

.) 



the dE / dx energy ioss. <enci l he till b l!lamly come from muon bremsstrahlung energy 

loss in the caiorimeter. for i1i~h e11er~y muons such energy loss is significant. which 

implies that we ha,·e to collect the 111uon energy loss in the calorimeter to improve 

total muon energy resolutio11. 

\Ve have studied the 11wthod to correct the muon energy loss for total muon energy 

measurements: 

\\·here P;,-dtanioer i-, tlie n1tllJt11no111c11tt1r1111H'asured i11Llie111uon chan1bersout side of 

the caiorin1elers. ~L· i:-. l !!<_' 111uu11 ('1:1·r~y Jl-r·,s 111 the calor1u1eters. F'rom the studies 

we determined that ii .:::.L < 1.1; ' L":''""' we used E;•ea>< to correct for the muon 

energy loss: otherwise• wr ""'d .:::.£ 111c<1st1rc:?d In· the calorimeters assuming an energy 

resolution of .:::.£ ( E = ~,Q'Jc./ v E + ·2'7. .. 

Figure 10 shows .::,.p• /I"' distributions using the above mentioned method com­

pared with using onlv I he calorirnetlT n1casured .:::.£ to correct for the muon energy 

losses. It is clear that the 111<.·thod ""'' u''"' impro,·es the muon energy resolution 

significantly. 

4 Total Muon Rate Calculations 

\Ve have used IS.-\.JET \lo11tc> ( "<nlo proo;ram to generate events for various pro­

cesses of pp reactions. The l1nill ,1atc !'articles then pass through the GEM detector 

(baseline design) 'i1nuliltio11 in· para11wtrizations from the results of the GEANT sim­

ulations. l-igure l ~ -,l\u,,·.., 1 i1\' t·;d0r11ue\\'r 1nc\t.erial thick11c:;:-; \in ,\I ,·ersus rapidity. 

'I· for muon energy lo.;s <111d the !'lil!Ciit hrough rate calculations. 

The iollowine; \Jron•dt1rc• ""' ll"'d i11 our 'imulation to ca.lculate the total muon 

rate: 

(i 



• IS.\JET generate .,,·ents with selected physics processes. For this study we 

included T\\"OJETIG quarks ,111<i !!,luon jets. \\"ith l·W GeV Top mas~), \V+JET, 

Z+JET. and DR ELL·\".\:'\ proce5'es. Table :J shows the number of generated 

events for each process. 

• for each prompt llluou. \\·e ralcul<Hcd the 1>ass-through thickness of calorimetry 

material '1ccordin~ tu the i11cidc'11t ""~le. Tl1c e11ergy loss is simulated by the 

energy loss '!"'nn1111 olit<li11<'il 111 CE.\.\T simulation of muons that are closest 

in both n1011H·11t 11111 .i11d i11c1d<'lll <1t1!!iC'. c.lC/d~ t'IH!T!.!:\· loss is corrected according 

to the calori111cl r~· ! hirkues-.:. 

• for each char~ed pious "'"I bono. the following procedures were used to gen­

erate the puncht hrou~il partirl<•s: 

1. We first clu~ck if the particle should yield punchthrough particles in the 

muon challlbers. The proii<lbility is calculated according to the spectra in 

figures 2 and :l. 

2. If there ;He char!1,cd 1i1111ci1t hrou01,l1s in the muon chambers. the charged 

multiplicit\· """' t;<'1terotcd according to the distribution extrapolated from 

tl1e distrihut1011 ... 111 Fit!;. l. 

:J. The enen;t<>s <111d '1n11,uli1r 'i>r<'ad of t l1e punchthrough particles are calcu­

lated a!'cordin~ 1 o I he 'Peet 1-;1 ,1101\"11 in Figures .'). G. I and S. If there 

are n1orC' ! hau 1 lirc·<· p<trtic!c~. 1 !1cir ener~ies \\·ere generated based on the 

spectrum of the li1ird leading energy particle ffig. /). 

~. The difference of punchthron<;h rates lietween outer layer and inner layer 

of the lllllon ch<llnlwrs ""'''"" taken care by the difference of the first few 

bins of 1 lie nur1nalizc'd 111011H·11tt1111 spectra. of inner and outer layers. 

·'>. For,,- .111d k" .... ,.'""cl tlw 'i>ectra for,,~ of the same energy and incident 

ilngle. 

• The total muon l"'ll"' '"" calcul"tcd 1i_,. combining the spectra from each physics 

process \\"f'ightcd I>\' 1 i1c cros:-; :--:1•ct1011. 



Fig. !:.? shows the 101ai rates in the inner la,·er muon chambers as functions of 

muon transverse momemun1. ;1,.-. 111 different rapidity ranges. Spectra from different 

physics processes wc>re pioLtcd to si10w their relatin~ contributions. 

Fig. 13 shows I he total rates n•rsus the rapidit1". 'I· with different muon PT cut. 

\Vithout PT cut. pu11d1tliro11~ns do1ni11a1c the total rate. llowever with PT> 10 GeV. 

the prompt muons do111i11ate. 

Fig. l~ shows 1hc- ra1c1n11' "' l1111c1.1011s of 0. ll'ith different hadron calorimeter 

thicknesses in the !J<ltTt'I rt'!.!.1011. \\·l, i1;1\·e <1. .... su111ed that the barrci inner layer muon 

chambers located at il distanc1· ul :!. 7 111 lron1 tlte beam line. and end cap inner layer 

located at z=.j.5 m 11lie l)('illll li11e is along the z coordinate.I. \\'e found that in the 

barrel region. the muon rate is roughly constant at 0.3 Hz/cm' for 1:2,\ absorber, and 

about factor of 3 higher in the case of 10.\. [11 the endcap region. 1-!A is necessary, 

since the rate increase ""IHllw111ially "'!he angle decreases. 

As a summary. Ta bk ·I li,1 s the muon rntes in the inner layer of the muon chambers 

at several 0 angles. 1•cith difr1'r<·11t l'T cuts. and Table .j lists the integrated muon rates 

m various ry regions. Table o lists 1 l1c 111ulti-111uon e1·ent rates with different muon PT 

cuts. 

5 Discussions and Conclusions 

5.1 Rate Calculation l'ncertainties 

~luon chamber and tr!!!~(·r rif'si!!;ll 11c·t->d to k110\\' the total n1uon rates. It is im­

portant to understand 1 !1e ca1ndatio11 1111cenai11tics for the designs. \Ve list the cal­

culation uncertainty <"lJIIt rril11t tun:; i11 t l1c· foilo\\·ing: 

• GEANT simulation energy cut off: we set the shower development energy 



cut otf at O. l. O .. i anci l .U c;e\· for muons. hadrons and electron/photon respec­

tively to spPe<i up the 'i111uiauo1ts 1 if the c;E.\:\T default energy cutoff values 

were used. at least .) rimes more l. l. P hours would be needed). In order to check 

our calculation 1111cenanties. 11·c> ha\·e used the GC..\.:\T default energy cutoff 

,·alues (see Table :! l to ,Ludy 1 lw punchthrough probabilities with 10 GeV and 

20 GeV pions at different an~ies. l\'e compared the punchthrough probabilities 

from low cutoff runs \\"1th our standard cutolf runs. and found that the differ­

ences were at .l01. lc,·Pi. 11·,. t l1crei'ore estimated our punchthrough probability 

calculations \\·i1h i\il ll!iCl'\"!;1i11t\• 0[,....., ~l) 17t· fvr ('Jler~y less then u .. ) Ge\: charged 

particles. It is clear tl1<1t this 111tcc•nai11Ly wiil not alf"ect the muon trigger rates if 

\Ve consider t riggt•rill!.t Oil ll1ll0ll:-:i \\"ith /l'I' >··) (;e\·. {[O\\'eVer ffillOil inner chamber 

hit occupancy sl101tld he highrr than what wr have presented. 

• Extrapolation of punchthrought spectra: \Ve have used momentum spec­

tra obtained from pions at certain incident angles. Particles with incident angles 

different from t IH'"' ,·alues can have different flight decay probabilities. \Ve also 

used only sprctra of .;o. 100. :!00. <111d 'iOO GeV pions. The punchthrough spec­

tra of low energy pio1ts 1 <:!0 C:e\· ) show significantly increase of flight decays, 

which are not i11 ti1e .·,o CeV 'P<'ctrum. 11·<' estimated that these effects can 

cause an rate u11certainty of~ I 0%. 

• Theoretic model: quark hadronizat1011. wl1ich determines charged multiplic­

ity of jets. in ISA.JET 1'rngra1n w11s tuned by LT . .\ l data. extrapolation to the 

SSC energy scale gin•, u11ccnai11ties. It is not clear to us how much does this 

contribute to lhe rate uncertainties. 

• Small angle detector geometry: for i 11 I> ~ .. ). the rate calculation usmg 

parametrizcuiu11 111<·1hud i1c1-"i ictr~·<' t111c<>rtaint.\· :-;ince hadronic .-;ho\Vers spread 

into the dPt C'"\t or i 10!<' ;i round 1 I 1c be~~ 1n. . \ lso charged particles interacting 

with the IH'<llll 1>i11•· '" 111<• 'lllall a11~ie '.l'i\l knock out mam· showered particles 

and increase 1 he occupiincv .-,f the '!nail angle muon chambers. Therefore. 

without detail detector 1111ci b011rn pipe shielding design and using full GEANT 

!) 



simulation. t !1e cakuiatiou " 110L rciiable. 111 this study. we used only the 

calculation results abon• '1° 

• Cosmic rays and beam spread The calculation reported in this paper 

doesn't include the co11Lributio11s i'rom cosmic rays and beam spread. 

In summary. considering the ilt101·e uncenaimies in our calculations the real oc­

cupancy rate in the rnuou cii;11nber wdl be higliet· than our results .. .\safety factor of 

........ :J should be used for ciia111IH_•r <111tl t ri!.!g:cr desi~us l>ased on these results. 

5.2 Applications of the Results 

• Muon Level-I Trigger 

The GE).! collabor<llio11 IH<>posecl to 11se 11csistin' Plate Counters ··RPC's', which 

have a response time of less than lO 11a11oseconds. and Cat hod Strip Chamber ··CSC's", 

which have a response ti111<' of less thilu [.j uauoseconds (wire spacing for ·CRC's" is 

2.5 mm). o.s the filst 1rn1011 trio;ger d<'1·ices for the barrel and the endcap regions re­

spectively. The ··fl P( ··' .. ,·an ha udle a r<l! e of -10 Hz/ cm 2. w l1ich is limited by chamber 

dead time. The .. , ''iC\ .. ;" 1m11cipie '"""handle a rate up to 100 kHz/stripe. which 

is limited by signill i11ter;rntion time. lcir;ure 1-l shows that even at 1034 /cm 2 /s lumi­

nosity, the total 111uo11 rate i11 the barrel region is about ;J Hz/cm 2
• ··RPC's" certainly 

can hadle this rate \\·ith lar'..!,e safety L,\ctor. 111 tl1e endcap regions. the total muon 

rate in inner muon chamlwrs can b<' as high as :WO Hz/cm 2 at the !03•jcm 2 /s, the 

·'CSC's" can be easil.1· d<-signed to work 011 such rate. 

Fast muon trigger i' ~<·1wret<'d fro111 milds in three lm·ers of "llPC'\ .. or ··CSC's''. 

Roads are form<'ci IJ1· le" n·11l111w1er "''""strips in tl1e central "llPC"s ... and by radial 

cathod strips iltHi 1"rl1c;i[ "' 1r<'s "' tlw ""'leaps .. \ccorcling to Table.). the total muon 

rate ([ ry I< 2.:)\ ll'llh 11 1 >-"1 (;,.\·is about 10 kHz. and ll'ith PT> :2.5 GeV is about 

l kHz at the SSC 'tilnclilrd l11111inosil\·. If the LcvC'l-1 trigger is designed to handle a 

few tens of kHz. then 11 :s !}()ssible to tngger 011 muons with 5 GeV PT threshold at 

10 



• 1Huon Chamber Occupo11c11 

. .\ssuming that the barrei muon chambers are made of ·l meters long drift tubes 

with 4 cm diameters. lhsed on Fig. l l. the rate p<'r tube would be about 500 Hz at 

the SSC standard lL1minosit,·. The occupanc\· can be estimated as rate x T ... .,,, where 

Tmor is the maximum drift tillte or t It(' tube .. \ssuming T,nor = I/LS. the occupancy 

would be about.) , I0-·1 .'1 10" 1, '"' 1, luminosit,·. and ,3" 10-3 \•:hen the luminosity 

increases by a factor of iO. 

[f the encicap tttuon ciuunlwrs arc made of ··csc.,·· i also called PAD chambers) 

with 0.5 cm wide and 111<'t<'r lone; cat hod strips. The occupency would be less than 

0.1% at the standard l11111illosity. Herc> we assumed the strip integration time to be 

l µs, and that one chilr!;<'d pit rt icle 'i!\nals three pads. From this result we believe 

that it will also work ill hi!\h<'r lumillo,itics. 

5.3 Conclusions 

\Ve conclude. based Oil our simulations. 1 hat: 

• At the high l11111inchit)· hadron colliders. muons certainly offer an advantage 

over electrons/ photoll' dul' to the low particle rate outside of the calorimeter. 

\Ve can trigger Oil n1u<H1' with thc> />T cut as low as.) Ge\!. Such low PT cut is 

very important fot" illCrC'asin~ t\l(' (>\"Pill acceptance in events like H 0 - zz· ...... 
µµµµ. 

• Muon chamlwr locitl<'ci outsidt• t lie calorimeter can certainly work at the 1034 /cm 2 /s 
luminositv. 

• Except frottt 1l1t· 1<11<t-rlilll1l1<'s 111 tlw theoretical models. this simulation should 

be accurate to within" f;ictor ot 2 for I 11I<1.i. For small angle I '7 I> 2.5 muon 

chamber and trigger <i<'si!\n. u11e needs full GL\\T simulation with completely 

l l 



defined detector geometr\'. 
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Figure Captions 

Figure 1 Side view of detector !!eometn· set. up for GEA:\'T ~Ionte Carlo simulations. 

Figure 2 Singel ,,.+ punchthrou~h probabilities as functions of energy of the incident :r+ 

and the absorber thick1wss. 

Figure 3 Comparison or the punchthro11t1h probabilities of::-". ::-- . J.:+. and 1.:-. 

Figure -! In total l :! ~gurcs shall' the si 112lc [>ion punchthroue;h charged multiplicity dis­

tributions ill dilfN<'nt 1>iun <'ll<'r~y ami <tl;sorption length. Shaded histograms 

show the muon co1npu11ent in the pund1through particles. 

Figure 5 In total 12 figures sho\\' 1 he normalized momentum spectrum of the leading en­

ergy punch through pan icle. Open histogram corresponds to the inner chamber 

spectrum. and shaded histogram corresponds to the outer chamber spectrum. 

The difference is due to the low energy particle looping inside the magnetic 

field. 

Figure 6 In total 12 tigtm"s 'ho\\' I he normaliicd momentum spectrum of the second 

leading energy puuch1 hrou11i1 p<trt icle. 01icn l1isto11ram corresponds to the inner 

chamber sp<'Cl rttttt .• 111d shaci<'d histog,ram corresponds to the outer chamber 

spectrum. The di!Tcr<.'nce is due to the low energy particle looping inside the 

magnetic field. 

Figure; In total 12 figures show tl1c nornlillized momentum spectrum of the third lead­

ing energy punchthrough particle. Open histogram corresponds to the inner 

chamber spectrnm . .i11d ,;had<·d histogram corresponds to the outer chamber 

spectrum. The <iiff<'rc11ce is due to the low <'nergy particle looping inside the 

magnetic held. 

Figure 8 In total I~ figures ,J1oll' the p11nrhtliro11gh particle angular spread correlated to 

the normalized 111011\cnt 1111i. 

I :J 



Figure 9 In total 1:2 h~ures 'iioll' the 111uo11 energy loss distributions for differnt muon 

energies anc.i ab~oriH·r t ilicknl'sses. 

Figure 10 :\luon energy rcsolutiou distributions for 20 GeV and .jO GeV muons. Solid 

histograms ll'ere ol>taineci using the Illethod described in section 3.2. Dashed 

histograms ll'Cre obtained ill· adding energy loss measured in the calorimeters 

only. 

Figure 11 Calorimeter 11Heract1on l<"ngth "' ;1 function of the rapidity used 111 our total 

rate caiculatio11s. 

Figure 12 Total muon raLcs ,.,.r,us 111uo11 1 r.i1is\·erse momentum (pr). Contributions from 

different physics pron'"''' i\J'C aJ.,o .sl1oll'n. (a) I 11 I< [..j, (b) l.5 <IT/ I< 2.0, 

(c) 2.0 <I 11 I< :!.3. (d) total rate ll'ith I 11 I< :!.5. 

Figure 13 (a) Total muon rates as functions of the rapidity with different muon PT cuts. 

(b)-{f) show the tot.al muon rates as well as contributions from different physics 

processes. ll'iLh diffcre11L 1nuo11 l'T cuts .. \ote that the rates at the positive and 

negatiYe rapidit,· h;1\'P lwen folded together in this figure. 

Figure 14 Inner muon chamlwr l1its rate pn cm' ,·ersus the polar ane;ie. 0. For this figure 

we assumed that the in11er i><HTCi chambers are located at 3. 7 meters from the 

beam line in the c;ise of 1:2.\. ancl :J .. j meters in the case of [Q,\. The inner 

endcap chamlwrs \\'Pre assumed to lie located at 5.5 meters from the interaction 

point. 

l -1 



Table 2: List of Number of Single Hadron Simulated 

cutoff enere;y: 0.1. 0.5. 1.0 GeV [or I'· hadron and 7/e respectively 

P (Ge V) I l 0 1 20 I iD i 100 I 200 I lDD I 
ll='J0o I I 

i 
(A= 11.:3) I 2.',0k : :!OOk I l;20k 

! I 
I 
I 11.5k i 12Gk G-lk I 

I I 
' 

(,\=iL)1 I :U70k, , ik . :;s:;k 1 :-~2k 1 t 1 :)k : i oak 

(.\=15.5) I 
11=45° ! 

(,\= 17.0) I 
11=/0° 

IOOk 
I i 

' ilk i :!i:J2k ! 
I 

l DOk I iOk .',Ok 

I l(ik I l l!llk I 2:Jk lDk lOk 

.\00 i 

I 
131; 1 

I 

100k i 
I 
! 

!Dk I 

(.\=12.:3) lOOk 

I 

lOOk I lOOk lOOk lOOk lOOk lOOk 

11=')0° 

(,\= 10) 

I I 

I I 
I llOOk I 

i 
I 
I 
I 

lOOk I lOOk 
I I 
! lOOk I SOk 

I 
-!Ok I 

.soo 

llOk 

164k 

!Ok 

-!Ok 

cutoff enen;y: tJ.01. U.01. U.001 C:eV for 11. hadron and ;'fe respectively 

ll=!)QO 

(.\=ll.:3) I 
11=\.jO 

I 

I 
lOOk i iOk 

I ' I 
I I 

(.\=l-l.5l I : 
lOOk ; iOk i 

6=15° ' 

(,\=l.'i.5) I lOOk 

P=l7.Dl 1 :uok 

11=70° 

(,\=12.:3) I IOOk 

I 
I 

, -,ok 

-.ok 
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Table J: Simulated :\IC Events in Various Physics Processes 

process ' Pf"(Ge\!) I cross section! mb) I .VAfc 

Minimal bias : 1-20 ! 7.4 x !0 1 lOOOk 
! I ' O.:!x!U 1 PP - 2jets1q. ~! 20-9000 9700k 

'! 

1.6xl0-i pp - I( ! 0- 'iOOO [ 1150k 

PP- 11·.,.. .\' - ,11,_\ lQ .. jQQO l.lx!O-' liiOk 
I I, 

PP-Z+.\ _,,-;,-.\' 10-5000 :u x 10-0 SOOk 

PP - -;(Z) + .\' - 1' ... 1,-X I l0-5000 I :).1x10-0 432k 

Table ·L Particle Rate (Hz/degree) at Several Angles 

.~\ ngle I uo• I :-oo I 45° I :!5° I 15° I 

no JJT cut I ·) 4l· . l.Ok lOk 23k I 4.5k I -· , 
/lT > i Ge\/ I t:3 24 4,5 70 I 140 

I s 20 I :io /'T > 10 Ce\! 
1 

') 

PT > !.; Ge\' I l .. ) . ) ·) :l.J 4.5 I ' ! ' 
! I 

' 

".!O ( ;t' \. ' I!.:\ 1. I. I l.5 2.0 i l.O I / 1T > 
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Table">: Integrated Rate (Hz) in Several 11 Regions 

Region I ! 11 I< :2.5 I I 1/ I< [..j I 1.5 <IT/ I< 2 I 2 <I 11 I< 2.5 I di-muon IT/ I< 2.5 

I ' I I no PT cut :!lGik 1042k ' GGOk iGOk 230k 
I I I ! ' PT> .'j GeV 'Ulk l.:>4k 2.23k 2.23 91 

' PT> 10 (;eV I l.'.J:!k i .U~k l40 
[ 

103 
' 

19 
I 

PT > l.5 GeV ti:!O :Jj2 136 I 120 9.9 
I i 

PT> 20 GeV 2SO lGG "•) 58 6.3 .)_ 

PT> 25 GeV ).IQ I .jO I 26 24 I 

Table 6: Multi-iVIuon Event Rate (Hz) for I 11 I< 2.5 

multi-1' state I lit/event I 211/evPnt J :J1t/event I 41t/event J > 4µ/event 

no PT cut I 1:!74k ' 1·14.ik I 42.ik 
I 

19.3k 24.lk ' 
i I 

PT > .5 GeV : ').14k .:::18 I 1.84 

I 
0.li 0.022 

10 GeV I 
I I 

l.!))k ' PT> l 7..l I 0.52 0.14 I 0.016 

).j Ge\' I 
i I I ! PT> (i]!.J '.:JG o.:Jo 0.12 0.014 

I ' I I 
PT > ·20 Ge\' i 

: 
·2~0 I ~J 1 0.20 I 0.092 i 0.013 
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Figure l Side view oi detector geomeuy set up for GEA:c-lT '.!ante Carlo simulations. 
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