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Dependence of Entropy Index on the vvidth and Shape

Z H A N G H u i ² an U U U an - Shotzo

( Ina iuae d Panicle phYE¡ , , Huazbong Nom d I jntvemity ,Wuhan 43ö " , chim )

A bgÜ act Ä e dependence of era £py index Ì 2 on the width and shape of mul tiplicity diÉ ih t ion- ar e studied in detai l by using

Monte Carlo method and comparing ì ú the mSUIts h m NA22 ü pedment . It is found that the en² py index is insensiti ve to the

shape of md upl ici ty disM bution but deemmm m th the increase of the disM buUOn width .× Be lanez £bea vaUon oonØ di ets the usu-

al ly expected mle of the index , ind icating dEç Ä is not m app mpria e paramet® for measuring event- by-event nuctuati011¤

em Uciw , event space nuetuation , enm py ind¥ , multipl icity disM M UonKey words

Since discoveÇ d large local fl uctuations i n a high
multipl ic ity event by JA CEE COIlabomt ion[ i ] , Ò 2e study of

local t112ctuations in mult ipaI× cle pmduetion has att racted

much attention of boÉ theoml icians and expen mentd i sts .

Cao and Hwa studied the event-by-event fhzctuation

of mul ti pli ci ty Huctuati on J alIed em tici ty , and dei l ned m

entmpy index Ì ql a ± a measure . They suggested that thi s

index i s adequate to descd be auctuaHon dep - e of spati al
[2.3j

p a t t e m s

U e eETati ci ty method has been studied both theomti ¤

ed i t 4¤5] and experi mental lyIû ´

method i s the folh ¢" ng . In c¶ trast to the sample factorial

moment , the event factorial moment i s denned by

F?)

Conside r a ce rt ai n pseud om p i d i t y m g on A , an d di vi d e i t

i nto M b i ns . 111e FZm i s th e nu mber of pan i c les fall i ng i n -

to th e m th b i n for even t e . h Od er to measure th e Em u -

aHon in FË , the normd imd ¤ ô d moment in event

space i s then def i ned Ä :

C .q = ´ À µ , é - F , , ( 2 )
, - ¹ 777

wh em th e avem ge ´  µ i s CE d ed @Ut over al l the even ts
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13Ee erratici ty moment i n

the event space i s defl ned by :

A C |q = ¸ ¹ 1| ´ý ld aµ. (3)GP |P z l . .

H CP,, has a power- law behavior i n M , i . e .

Cp,,(M) g M',(PU (4)
d1en i t i s call ed ermt i ci ty[Ê , and 9bq( p ) is correspondi ng

ermticity exponent . Ç Ee entmpy index is dea ned Ä :

Ìq=ÔIE] | - ÷÷L (5)dp |pz I - a l n M

Cao and Hwa suggested that the entmpy indÊ Ä can be a

me¢ m d h event-by-event thECM Uon of ß ' ) and

showed that Fl q µ O is a cd teEt on for Chaoe[4,10] .

Based on the fact that the erraUci ty quanti t i es de-

h ed above am measurable , the em t ici w was appli ed to

analym the NA22 dÄ ó J Z = 22GeV[11] . In the pmm nt

letter , a cascade model , cd l ed Á model , is used to study

mul t ipl i city tIuctuaHons m d a sample wi² non-m m entm -

py i ndex[12¤13] i s genemted . In th is model , the phase

space me on A i s tl mtly di vi ded i nto two equal paEt s . Ò 1e

each pan is hEIt her divided into two equal pazt s . Ah er Í

d ividi ngs , the nun² er of PE ti tions of A i s M = r . 111e

pmbabil i ty of a pan icle fall i ng into a e ven parti ti on i s de-

and p is a posi ti ve real number .

. × Ee basic idea d thi s

I 7 ´ FE-- - q ¤ t1)

( t µ

tlned m :
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Øv ´ - 1 2 Â ( 1 + ay ) ,

( 6 )

´ 2j = Â ( 1 - ÁY ) , ( j z 1 , , r ¡ ,

wtzem j is the number of the parti t i on a the b» th a ep , y

is a rmzdom number rï zged fmm - 1 to 1 , Á is a poeiHve

number smal ler than umä ¤ To get pure stau sti cal fIuetua-

tions, we set Á = 0 . By usi ng Mmzte Cazt o method , the

rem lt d Á model ì ú q = 2 , Í = 6 i8 Obtained and the

eETatici ty moment in one-di mensional peeudompidi ty space

is calculated .

What i ntemsts m i 8 whether or how the entmw in -

dex depends on the wi dth and the shape d the mul t ipli city

di stribution . Ò 1tlh we can t ed out a simulation of Á mod .

el wi th the number of part icl es i n each event obtai ned

fmm vad ous mul t ipli city di stztbuHons . 'IEe a rst step i s to

genemte a 60 , 0Þ -event sample d h isson distributed n

m É avemge mul ti pl i city Ù = 6 . 15 , whi ch cOETØ ponds to

that of the NA22 exped ment . For c£mpmt son , a 60 , ¹ ô -

event sample widE fk ed n = 6[SJE] i s used . h ei ther Þ n¤

sample , olzl y stati st ical auctua60ns exist in the

events of a cezt ai n mul ti pl i city n . HOwever , m addi ti onal

mul ti pli city fhzctuat ion , included m the RM" £n sample ,

attr ibutes to the event - to-event fh mtuati ons .

1.8 . .
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Fig. 1. Z 2 " - hzM in mpidity space h r Pois¤Oman and axed

n Barnplh , e£mpamd wiú ú e × perimental resul t &£m

NA22[11J . 11,e m ight lines m linear su .

Calcul ated for the two MC sampl es in the Á = O

model , u e mSUIti ng em dei ty moment Z Z Ä a h zECHon

of ln M for two MC sampl es in the Á = O model am shown

i n Fi g . 1 . For compazi 80Eh the resul t fmm NA22 dau [11]

ß Ü ï í ë á ù í (EEP& NP) Ú 27í

i s al so plotted m the SSUEü ¤ 131e slopes ( entmpy indi ces)

i n É ese d1E, e cases aEü close to each other , conf ErEYEi ng

that the em Hcity behavior is domi nated by staHsHeal n EEC-

tuaHons in the low-mul ti pl ici ty sample[3¤13] .

On the other hand , if we consider the axed- n sam-

ple as a sample ¶ th the muIHpl ici ty di std buti on widÉ

Ò = 0 , and the Poi ssoni an sample as that ÷ × a posi t ive

value of Ò, both the Poissonian and the exped mental

sampleg have addit ional mul t ipl icity nuctuations i n com-

Pari son ì ú the Exed- n sampl e . × 1e iEIEuence due to the

Ù di b mnces d thme saEµ les is ned i gi ble . Fmm the

slopes by the li near Rui ng shom z i n Fig . 1 , one sees that

JE2 of the flxed n sample incmm m faster than that in the

other cam - u at is Ø say , d . Eq . ( 5 ) , the entm py in -

dex Ì 2 is the largest one in the f ixed n sample , and the

addi ti ond mul ti pli city Euctuati ons in the Poi ssonian ó Ed

m ped mental samples made the entmpy index 112 decEm s-

ing , whi ch is in eontradiction wi th the expectation that Ì q

measures the event--by-event fhmtuation . Ä is ob8ew ation

motivates a fuEt her invegti Á tion .

For thi s purpose , a function that cm generate the n

distd M Uon wi É the diEemnt wtdth Ò at a e ven Ù . TTM

usual choice , ï y Gaussi an hEEECHon , i8 however inade-

× Ba e in the pm mnt case , because after omi tt i ng the un -

physicd neÁ tiveÀ , the dM Et buHon m no longer in the

Gaussian fom1 and the average multi pl ici ty devi ates f rom

the input val ue d ª . 111e larger the width is , the mom

the devi ati on fmm the e ven val ue of Ù woul d be .

To avoid thi s compli cation , we pmpoee a new func-

uon

f ( n) = Ane--u-b}2, (Á µ O) , (7)

where A is the normal i zat ion constant . The characted st i c

shapeg of f ( n ) for var ious value8 d a and b m exhibi t -

d in Fi g . 2 . 112e valuee d a and b for e ven val ues d

average Ù and wi dth Ò are avai l able in Tabl e 1 . Ò 1e val -

ues d a and b for ot her values of ti and Ò in the ranges

d 3 4 Ù 4 7 and 0 .5 4 Ò4 3 cm be obtai ned by intmpo-

laUon .

Fix ing the avemge m IHpl iciÉ at ª = 6 . 15 , 20

event samples aË generated wi th a mul ti pl ici ty distd b12¤

tion widÉ Ò mEEst ng h m 0 3 5 t0 4 . 2 1 . The rm ul t ing en-

tmpy indices Ì 2 vemus Ò are plotted by soli d tEt ansi es in

Fi g . 3 . Ò 1e shadow band i s the entmpy index for the
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Exed- n sample . I t cm be seen h m the Esure É a II 2

deem ses m É the increase of Ò , h n her eonam i ng the

unexpected tmnd seen i n Fig . 1 . Note that the m uwpy i n-

dices of the Poi 88Oman sample ï zd the NA22 experimental

data am consi stent wi th the cuw e obtai ned f rom f ( n ) .

I a t us now tum to the mlaHonship between ermti c ity

and the shape of mul ti pli ci ty di std bution . Di vi di ng the

whole experi mental sample into two subsamples according

to the condi t ions of n ´ Ù and n µ ª , mspecti vely , "

dom i n Rd . [ 11] , we obtain Wo samples m th ç = 3 .94 ,

Ò1 = 1.56 and h = 9 . 36 , Ç = 2 .4 1 , respect ively . u e

multipl ici ty distributions of these two subsamples ( refem d
to " cut di std M Uons" in the fol lo® ng ) , together ÷ × the

f ( n ) d istributions wi th the same val ue of Ù and Ò in

them tw0 811bsamples , m shown in Fig .4 ( a ) and ( b ) ,

ø specti vely . I t i s Î en É a the shapes d cut distri butions

m d com sponding f ( n ) di std but ions di ger considerably .

Å Û ¶ È :Ì ¸ ý Ô Í Î ´ Ä À µ Ô 80±
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Fig .3 . 'IEe dependence d enØ py index h on ÷ dth Ò . Ç Ee

shadow reg on repfe, ents the resul t in the f ixed- n sample case .

Fig .4 . Comparison d the shapes of the eut mtdupl i city dis» i -

bm on m d h disM M Uon f ( n ) wi th U ) · 1 = 3 .ü , 6 1 4 .56

¤nd ( b ) h = 9 3 6 , 62 = 2 .4 1 . ( ² e sol id dots ì th dashed h e

denote the cut diÉ ú Ø £n , É e op en BUr- m th dotteCLdashed

lhze ´ m eat dEe dia ibuh n f ( n ) . )

× Ee errati city analysis is É en perfomEed for all them
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cases - Ò 1e eorÓ 8pondi ng entmpy indices are shown i n

Fig .5 . It is found that the entropy index Ì 2 is insensiti ve

to the shape of the muIHpl ici ty distd butioE1. × 1emfoÓ , i t

is natuml É at the msti l ts of the Poissonian sampl e fl ts

NA22 data 80 well in Fi g . 1 .

Fig .5 . Ò 1e dependence of Ì 2 on É e shape of É e disE ibu-

60E1. For m sy reading the resu1t of 112 Ý£m dEe cut diÉ tbution

and h m the oom sponCh e f ( n ) m sli ghtly slzihed hom ontany .

I n t h is l etter , we int rod uced a new fom z of mu l t i -

p l i c i ty d i 8td M Uon , vd th wh i ch t h e average an d th e m dÉ
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