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A be®, ct A model sirnulaÉ Eg dze m in ó pm ts d aVSIan eize g ¡ ,th m d siF al development h Resisti ve ph te c ha ú efs ( RPCs) is

PIÊ ented - Ó1ze model has been used Ø Ø mpute the cha F d swb EUon m d time disMM Uon of Mul ti-gap RPCs . 1TEe compart-on be-

Ween model simulation ó d m× ed mentd resul ts Ê also disc1tseed -

Monte Ca lo simulation , m pc , chu ge × ecï zn, ume disutbuh nKey WOEÊS

1 Introduction

R e8iMi ve Pl ate Chamb em ( R PC8) wem devel oped i n

19 80 8[ IU and wem od g n all y op em ted i n st ream er mode .

Óh is opem u on mode al l ows u s Ø get h id E detect i on em -

d eney ( µ 95 % ) and t i me rem l u ti on ( - 1 ns ) , wi É l ow

th l xee of i nc i d ent pazt i c les . A t h id zer th mes ( µ 2Þ H zj

cm× , RPCs bee n to l ose th ei r eé d eney . A way to ov er -

com e th i s pm b l em i s t o cm ate RPC s i n m aval an che

mod eu ] .

111e M ul t i - gap R esi st i ve Pl ate Ch am ber ( M RPC ) wÃ

devel oped 6 yean ago M] . I t con si st8 of a stac k of EÉESi sti ve

p lates , spaced one fm m th e oth er ÷ × eq ual sim d spacem

c m ad ng a se ri es of gas gap s . E l ee tm d es mØ conn ec ted to

the ou te r su rfac es of th e stack of zü gi st i ve p l ates whi l e al l

the i II tem al pl ates m lef t el ec tzi ca l l y n oat i ng . I n i t i al l y

the vol tage on t h ese i nteITEal p lates i s e ven by elec troetat -

i ch m d they am k ep t at th e pm per vol tage d ue to t he n ow

of el ec tm ns É 1d i ons cm ated i n the aval anc hes .

M R PC , m a new k i nd of detector f or t he t i me of

f el i d 1t system , opera ted i n m avaJan etm mod e m É a non -

n am Enab le gas mix t u m of 90 % F 134 A , 5 % i sobu tan e , 5

% SR , can h lE l l al l th ese m q u im ments : IBi d E em d eney

( µ 95 % ) , excel l en t in tzt nsi c t i me m solu ti on ( ´ 100
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d m p o n s h M g h Á ZI u l a r i t y / l o w Ø c u p a n e y a n d l a zp a c -

c e p t a n c e .

I n t h e n m t p a p e r h ] , t h e s i m u l a t i o n w a s u s e d t o c o m -

p a m w i É t h e a v a i l a b l e e x p e d m e n t a l d a t a , a n d e x p l a i n e d

t h e r e s u l t s o f t h e d e t e c t i o n e m d e n e y a n d s i 8 1 a l a m p l i -

t u d e . H o w e v e r w h e n i t c o n c e r n e d c h a E¬ e d i s t d b u t i o n , t h e

a e , e m e n t b e t w e e n t h e s i m u l a t i o n a n d t h e e x p e r t m e n t a l

d a t a w a s n o t v e Ç w e l l .

2 Model

A detail ed descd pti on of the model used in the simu-

lati on was mported in Ø m papem f4· , here j ust the m -

i n i tem wi ll k mpeated . U e pEWF azn stazts h m consid -

ert ng m ionia ng pan icle which cmsseì the gas gape and

generates a certai n number of clusters of ion-electmn

pmm . Ò 1e electmns contained in the cl ustem dd ft towaM s

the anode and , ¤ the el ectd c fh ld is stdEd entl y hi¶ ,

e ve m e to the avalm ehe PEWee½ 8.

111e pri maxy cluster numbem m d the aval anche

p mvth am assumed to foll ow , respectivel y , si mpl e Poisson

stati su es and the usual exponent ial law . A val anche gain
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ihzct uations have been taken into account using a Pol ya

dist ri butionM] . After the si mulation of the drih ing ava-

lanehes , the pmp 3m computes , by means of Ramo the-

OE· m[Ê , the charge qmd induced on the extem al pi ck- up

electmdes ( std ps or pads) by the avalanche moHon . Un-

der ceEtain appmximations , th i s is given by the fbrmula :

qid =ù Ah · M[ewh ] - 1] ,

whem qe is h electmn chazF , , l st d ed ive Townsend

coefI l eient Ð = Á - P ( Á an d P m Town se nd coeµ d en t

an d elec tm n attac h men t coeE Ed en t , respect i vel y ) , d t h e

gap wi dth , Zj th e j th cl uster i ni t i al d i stm ees h m the m -

od e , FEj th e n u mb er of i n i t i al el ecu wns in the consi d em d

j É c l uste r , M th e aval anc he Á i n n u d um on fac tor ,

A V d d = E w i s th e nor mal im d wei d Et i ng fh l d . h ad d i t -

i on to q ind , t he cu r m t i id ( t ) i nd uced on the sam e elee -

t m d es by th e d ri a i ng ch arge q da ( s ) m y be comp u ted Ø

L nd( t ) = A Vv Å Ø ( t ) M e " ,

where tJd i s th e el ec tm n d r i h vel oc i ty ( so t he d i st ance over

whi c h the aval anc he devel oped a ti me t i s Pd . t , t i m -

t i al l y eq u al s to O) , an d q " ( t ) i s th e d r i f t i ng char ge i n -

d uced on the p i ck - up e lec tm des a ti m e L Ò 1e Ø mputa -

t i on of i md al l ow us t o Iü pm d uce the wh ol e i nfor mat i on

com i ng ou t h m M R PC , su ch as ti m e d i st ri bu t i on .

3 Charge spectm m simulation

111e al most Gaussian charge distr ibuti on obtai ned

wi th the MRPC is a key i np Ä Hent to it s peEf ormmme . H

the aval anches gm w foll owing Townse± ' s fom ul a the

chaEF di std bution would k exponenti al i n shape . 1E tls

the space chaEÅe eEects must be considered i n the si mul a-

tEon .
'n m input parametem for the simul ation pm8 2 m mü

Á , ¬ , the average di stm ce between clustem A and the

pmbabi li ty di st ri buti on of the number of electrons per

cluster . Th ese pieces of intorznat ion cm be obtai ned , for

a e ven Á 8 mi xtEIÓ and gi ven condiu ons ( pmï " and

temperature ) and electm g eld , by the pmg ams EE E-
D[10] and MA GBOL1Z [11¤12] .¤ I n addi ti on , a maxi mum

nun² er of el ectmns i n m avalanche( cutoE val ue ) is spec¤

iaed .
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h a given gap , we genemte a nun² er of clusteE¶

÷ × di stm ces exponenHal ly di stri buted ÷ × average di s-

tance Ë . For each cl uster , we then genemte a ceEt ai n

number of electz̈ BEES, accod i ng to the di etd bution ob-

tam ed by the pme anz HEED . Each electm n fmm the pF

maÇ cluster wi ll e ve ri se to a mmÉ er of elecUW± , gen-

eru ed according to m exponentiaI pmbabi li ty law .

For each cl uster , É e aval anche F OM h i8 stopped

when the total chaEÅe maches a cezt ain cutoE val ue , as

od g nall y suggested i n Rd . [ 13 ] to tak e into account

space chazÙe eEects in the avalanche development . Ú 1is
cutog val ue has been set to be 1 .6 Á 107 elect IOns .

In Fig . 1 we show the EeSUIts of si mul at ions , Fig . 1

( a) is the simulated curv e d the 18t e¤ ective Townsend

coeé cient q vemus the electd c geld , which i s generated

by MAGBOU Z . 111e curve shows thaI dm corM ation be-

tween ½ and the el ectr ic fl eld is almost l i near when MRPC

i s operated at hid 1 electEt f ield for the gas min um . Fig .

1( b ) the charge spectm m for a 6 gap chamber and ( c ) ,

( d ) for a 1O gap chanú er Þ mpamd to experi mental
data[14¤15] , and the number under each plot shows the

electd c fl eld E in the Á s for MRPC . In both case8 the

gap sim is 220Ì m . Ò 2e gas mixt11Ó WÄ 90 % F134A , 5

% i mbutane and 5 % SF6 in nom a» condi tions of pm -

sum and temperatum . 'IEe val ue of A used was 0 . 1mm ,

deri ved h m HEED pme am .

~
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Re .1 Simulated 18t eb etive Townsend coeE cient CURe and

normalized charge distdbution º r a 6 and 1O gap MRPC .

'ITm charge distd M Uon has m almoet Gaussi an

h m , especial l y for the 1O gap MRPC . 111e Id side of

the distr ibution ( very few events at values near m m ) is

due to the fact that the MRPC opemtm at hi d l gai n Æ -

30 . × 1i s means É ± aval anchee sta t i ng i n the middle of



7144

th e gap wi dth , w h i c h on l y aval an che over h alf the di s -

u nch e ve a det ectabl e si Á a1. Ò 1e c tzazÓe di st r ib u ti on i s

th e superpoei ti on of several p m bab i l i t y d i etd b u t ions

wh ic h , aeeOEd i ng to t he c ent raA l i m i t th eom m , wi l l ten d t o

a Gau ssi an for m . m e Et d 1t sid e d the c harÅe d i st d b ut i on

( th e fac t th at th e tai l s are not ve® lon g ) i nd i cates that i n -

deed t he space c harge efreets stop t he d evel op ment of t he

aval an c he .

4 T ime distr ibut ion

W e then PEWeeed to simulate the t i me d istr ibuti on of

these chambem . The electmn drih vd Þ i® cm be ob-

Mi ned fmm HEED . When the total induced chaE1pe si PEal

is over thEüghold , the ti me is EüeOEd ed . In thi s paper , the

thm shold i s 13 FC for the 6 Á P MRPC and 26 FC for the

10 Á P MRPC . Fi g . 2 is the si mul ated mm lts tbr a 6 gap

chamber . FIg .2 ( a) is the si mul a ed cuzv e of the el ectron

dd f t velÞ i ty veE$128 the electdc tleld , which is generated

by MA GBOL12 . Fig .2 ( b ) i s the Ume di st ri bution of a 6

m p MRPC . 111e int rinsic ti me msol ution is onl y 19 pe or

80 . H we consi der other contri butions , such as front-end

elecuw zi cs 30 pe , TDC msoh Hon 25 ps , fanout SU Et sig-

nal l £ " ' beam sizd l cm ) 15" ' we cm get the MRPC

resoi uti olz is J O d + 36 + 252 + 16 + 152) = 47pe .

× Ei s val ue is Si m lar to the experimental mSEEl t[ " '15] .
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Fig.2 Simulated m-d u of a 6 8ap MRPC .

Fmm the si mul ation , we cm get the bottom l i ne d

MRPC ti me msoluti on - 20pe . And we need to keep con -

tml of all these eontdM Uons to ensum best ti me m ol ta-

t1011.

5 Conclusions

A model describi ng the basi c processes tak ing pl ace

in RPCS in aval anche mode has been studied . T11e ae ÷ -

EIZent between the si mulati on and the mal data is veÉ good

whem it concem s charge spectm m and ti me di str ib ut ion .
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