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7he mu1t1p11c1t1e5 per event 0 fn  -+ and K -+ are mea5ured 5eparate1y f0r e+e - ann1h11at10n 1nt0 c~, 66, and 119ht 4uark pa1r5 at 
Ecm= 29 6eV. 7he K -+ mu1t1p11c1ty 15 h19her f0r heavy 4uark event5 than f0r 119ht 4uark event5. 7he n +- mu1t1p11c1ty and the n -+ 
5ca1ed d1fferent1a1 cr055 5ect10n at 10w x=Ehad~0n/E6eam are f0und t0 6e h19her f0r 61~ event5 than f0r 0ther event5. 

Ann1h11at10n 0f e +e-  1nt0 4uark pa1r515 character- 
12ed 6y jet f0rmat10n. Exten51ve 5tud1e5 0f 4uark jet5 
and c0mpar150n5 w1th QCD pred1ct10n5 have 6een 
made 1n recent year5 f0r event5 c0mpr151n9 a m1xture 
0f 119ht and heavy 4uark5. Recent 5tud1e5 have 
06ta1ned char9ed part1c1e mu1t1p11c1t1e5 and m0men- 
tum d15tr16ut10n5 f0r charm 4uark jet5 and, 5epa- 
rate1y, f0r 60tt0m 4uark jet5 [ 1 ]. 1n th15 paper, u51n9 
the t1me pr0ject10n cham6er (7PC)  part1c1e 1dent1- 
f1cat10n capa6111ty, we rep0rt f0r the f1r5t t1me 5epa- 
rate char9ed p10n and ka0n mu1t1p11c1t1e5 and p10n 
5ca1ed cr055 5ect10n5 f0r charm 4uark jet5, 60tt0m 
4uark jet5 and 119ht 4uark jet5. 

7he ana1y515 15 6a5ed 0n data c0rre5p0nd1n9 t0 an 
1nte9rated 1um1n051ty 0f 77 p 6 -  ~ c011ected w1th the 
7PC fac111ty at 5LAC. 7he 7PC ha5 6een decr16ed 1n 
deta11 e15ewhere [2 ]. 7h15 ana1y515 u5e5 data fr0m the 
t1me pr0ject10n cham6er 1t5e1f, the mu0n 5y5tem,- and 
the hexa90na1 ca10r1meter (HEX).  7he 7PC track- 
1n91n the 4 k 6  ma9net1c f1e1d pr0v1de5 a m0mentum 
re501ut10n 0f (dp/p)2= (0.06)2+ (0.035p) 2, where p 
15 the m0mentum 1n 6eV/c. 7he 7PC a150 5amp1e5 
10n12at10n ener9y 1055 up t0 183 t1me5 a10n9 a track, 
re5u1t1n9 1n dE/dx re501ut10n 0f typ1ca11y 3.7%. 7he 
51mu1tane0u5 mea5urement 0f m0mentum and dE/dx 
pr0v1de5 part1c1e 1dent1f1cat10n wh1ch, a1th0u9h 
1n5uff1c1ent t0 91ve 900d 5eparat10n 0f ~t -~ and n -~, 
a110w5 5eparat10n 0fe-*, (~t-~/rc -~ ), K +, and p, 10 0ver 
m05t 0f the m0mentum ran9e. 7he mu0n cham6er5 
5y5tem [ 3 ] c0n515t5 0f 1ayer5 0f dr1ft cham6er5 p1aced 
at 5evera1 depth5 1n the 1r0n hadr0n f11ter wh1ch 5ur- 
r0und5 the 7PC. F0r th15 ana1y515 we u5e 0n1y the 
centra1 mu0n cham6er5, wh1ch c0ver an an9u1ar 
re910n w1th re5pect t0 the 6eam 0f 55 ° < 0 <  125 °. 
7he HEX 15 a 10 r.1.-th1ck 1ead 9a5-5amp11n9 ca10r1m- 
eter 0perated 1n the 6e19er m0de [4] ~1. 1t ha5 an 
ener9y re501ut10n 0f 17%/[E (6eV)]  1/4, and an 
effect1ve f1duc1a1 area 51m11ar t0 the mu0n 5y5tem. 

7he 5e1ect10n 0f a 5amp1e 0f 24 761 mu1t1hadr0n 
event515 de5cr16ed 1n deta111n ref. [ 5 ]. 7he 5e1ect10n 
6a51ca11y re4u1re5 event5 t0 have at 1ea5t f1ve char9ed 

2~ 7he re501ut10n 4u0ted here 15 the re5u1t 0fm0re recent 5tud1e5. 
7h15 ener9y dependence 15 va11d up t0 6 6eV. 

track5, w1th the 5um 0fthe1r ener91e5 9reater than 7.25 
6eV. We add the re4u1rement that the thru5t ax15 0f 
the event 6e m0re than 45 ° away fr0m the 6eam ax15. 
Heavy 4uark enr1ched event 5amp1e5 are 06ta1ned 6y 
5e1ect1n9 event5 wh1ch have 1dent1f1ed 1ept0n5. 7he 
1dent1f1cat10n 0f mu0n5 15 a150 de5cr16ed 1n ref. [ 5 ]. 
8r1ef1y, mu0n cand1date5 are f0und 6y 100k1n9 f0r 
char9ed track5 w1th p >  2 6eV/c that penetrated 1 
meter 0f 1r0n, wh1ch have dE/dx 1n the 7PC c0n515- 
tent w1th that expected f0r a mu0n, and wh1ch are 
c0n515tent w1th c0m1n9 fr0m the pr1mary vertex. 
H0wever, the t19ht cut 0n mu0n cham6er h1t re51d- 
ua151n 0ur prev10u5 paper 15 re1axed f0r th15 5tudy t0 
06ta1n a 1ar9er 5amp1e 0f 75 8 mu0n cand1date5.7he 
382 e1ectr0n cand1date5 are 5e1ected a5 de5cr16ed 1n 
ref. [ 6], that 15 6y tak1n9 track5 w1th p > 1.5 6 e W c  
and re4u1r1n9 that the dE/dx mea5urement fr0m the 
7PC and the 5h0wer ener9y and 1atera1 5hape fr0m 
the hexa90na1 ca10r1meter 6e c0n515tent w1th expec- 
tat10n5 f0r e1ectr0n5. 

8ecau5e 0fthe 1ar9er ma55 0f6 4uark5,1ept0n5 fr0m 
the1r decay5 tend t0 have 1ar9er tran5ver5e m0men- 
tum (Pt) w1th re5pec~ t0 the event thru5t ax15 than 
1ept0n5 fr0m c 4uark decay5. 7he event5 w1th 1ept0n5 
are d1v1ded 1nt0 a 6-enr1ched 5amp1e w1th 1ept0n 
p t>  1 6eV/c and a c-enr1ched 5amp1e w1th 1ept0n 
Pt < 1 6eWc.  7he re4u1rement 0f a h19h m0mentum 
1ept0n create5 61a5e5 1n the part1c1e mu1t1p11c1t1e5 0f 
event51n the heavy 4uark 5amp1e5. F0r tw0-jet event5, 
h0wever, 10n9 ran9e jet-jet  c0rre1at10n5 are weak 50 
that the fra9mentat10n 0f the jet5 pr0ceed5 a1m051 
1ndependent1y. 7hu5 we d1v1de each event 1n the data 
5amp1e 1nt0 tw0 hem15phere5 w1th re5pect t0 the 
thru5t ax15, and def1ne the 9r0up 0f part1c1e5 1n the 
hem15phere c0nta1n1n9 the 1ept0n t0 6e a ••ta9•• jet 
and the 9r0up 0f part1c1e51n the 0pp051te hem15phere 
t0 6e a ••heavy•• jet. We then take the mu1t1p11c1t1e5 
0f the avera9e heavy 4uark event5 t0 6e tw1ce the 
mu1t1p11c1t1e5 0f the ••heavy•• jet5. 

70 f1nd p10n, ka0n and pr0t0n mu1t1p11c1t1e5 we 
5e1ect track5 wh1ch are a550c1ated w1th the pr1mary 
vertex, have we11 mea5ured m0mentum, h a 7 e  a t  1ea5t 

80 dE/dx 5amp1e5, are n0t k1nemat1ca11y 1dent1f1ed 
a5 part 0f a p055161e ph0t0n c0nver510n pa1r, and are 

300 



V01ume 134, num6er 2,3 PHY51C5 LE77ER5 8 29 January 1987 

n0t 1dent1f1ed a5 mu0n5 6y the mu0n 5y5tem. We then 
f1t the dE/dX 5peCtrum 1n appr0pr1ate m0mentum 
511Ce5 t0 f1nd the num6er 0f e1ectr0n5, p10n5, ka0n5, 
and pr0t0n5. 7h15 pr0Cedure 15 d15Cu55ed 1n deta11 1n 
ref. [ 7 ]. We exC1Ude fr0m the f1tt1n9 the ••dE/dx Cr055 
0ver•• re910n5 where the dE/dX f0r d1fferent part1C1e 
type5 15 the 5ame: 1.0 6 e W C < p <  1.35 6eV/C f0r 
p10n5 and ka0n5, 1.65 6eWC<p<2 .01  6eWC f0r 
p10n5 and pr0t0n5, and 2.23 6 e W C < p <  3.67 6eWC 
f0r ka0n5 and pr0t0n5. Re51dua1 e1ectr0n51n the e1ec- 
tr0n-p10n and e1ectr0n-ka0n cr055-0ver re910n5 are 
e5t1mated fr0m the 51de6and5 and 5u6tracted. 

7he 6ack9r0und t0 the pr0mpt mu0n5 c0n515t5 0f 
m151dent1f1ed hadr0n5 and 0f mu0n5 fr0m ka0n and 
p10n decay5. We u5e a M0nte Car10 51mu1at10n 0fthe 
detect0r t0 pr0duce a track m151dent1f1cat10n pr06a- 
6111ty a5 a funct10n 0f an91e, m0mentum and  track 
type wh1ch can 6e u5ed t0 f1nd the pr06a6111ty that a 
91ven hadr0n 1n the actua1 data w0u1d 91ve a fake 
pr0mpt mu0n 519na1 [5]. 7he 6ack9r0und t0 the 
pr0mpt e1ectr0n5 c0n515t5 ma1n1y 0f e1ectr0n5 fr0m 
ph0t0n c0nver510n and Da11t2 decay5. A 6ack9r0und 
pr06a6111ty 15 ca1cu1ated fr0m M0nte Car10 51mu1a- 
t10n5 0f the5e pr0ce55e5 [6]. Due t0 the5e 6ack- 
9r0und51n the 1ept0n 5amp1e5, 50me 0fthe jet5 ta99ed 
a5 ••heavy•• are rea11y 9enerated 6y 119ht 4uark5. 70 
f1nd the re5u1t1n9 num6er 0f6ack9r0und p10n5, ka0n5 
and pr0t0n51n the ••heavy•• jet 5amp1e5, we take each 
0f the event5 1n the 9enera1 4~1 5amp1e, ca1cu1ate the 
pr06a6111ty 0fpr0duc1n9 a fake pr0mpt 1ept0n 1n 0ne 
hem15phere 6y c0nv01ut1n9 the m151dent1f1cat10n 
pr06a6111t1e5 0ver the track5, and c0unt the hadr0n5 
1n the 0pp051te jet we19hted 6y that m151dent1f1cat10n 
pr06a6111ty. We d0 the 1dent1ca1 dE/dx f1tt1n9 0n the5e 
6ack9r0und track5 a5 0n the actua1 ••heavy•• jet track5, 
and 5u6tract the re5u1t1n9 num6er 0f p10n5, ka0n5, 
pr0t0n5 and hadr0n5 1n each m0mentum 61n fr0m 
the ••heavy•• jet data 5amp1e5. 

Acceptance5 f0r event and track 5e1ect10n are ca1- 
cu1ated u51n9 the Lund M0nte Car10 9enerat0r [ 8 ] ,2 
and a fu11 detect0r 51mu1at10n. 7he re5u1t1n9 heavy 
4uark and 6ack9r0und c0mp0nent5 0f the 6-enr1ched 
and c-enr1ched 5amp1e5 [5,6] are 5h0wn 1n ta61e 1. 

~2 We u5e ver510n 5.3 0fthe M0nte Car10, w1th decay mu1t1p11c1- 
t1e5 f0r me50n5 c0nta1n1n9 60tt0m and charm adju5ted t0 mea- 
5ured va1ue5 fr0m ref5. [9,10], and w1th 8R(6~9x) 
=8r(6~ex) = 10.7% and 8R(c~1ax) = 8r(c--.ex) =7.86%. 

7he M0nte Car10 15 a150 u5ed t0 C0rrect f0r the effect5 
0f 1n1t1a1 5tate rad1at10n and the re1at1ve effect5 0n 
the 5amp1e5 0f hard 91u0n rad1at10n. (F0r examp1e, 
the re4u1rement 0 f p t >  1 6 e W c  enr1che5 the three- 
jet event51n the c-event c0mp0nent 0fthe 6-enr1ched 
5amp1e. 7he5e three-jet event5 tend t0 have m0re 
track51n the 10w m0mentum re910n and fewer track5 
1n the h19h m0mentum re910n a5 c0mpared t0 the 
avera9e c event5.) 7he 5y5temat1c err0r 0n the 
acceptance 15 e5t1mated t0 ran9e fr0m 4% (f0r h19h 
m0mentum p10n5) t0 10% (f0r 10w m0mentum ka0n5 
and pr0t0n5). 

U51n9 the 6ack9r0und 5u6tracted 6•enr1ched and 
c-enr1ched 5amp1e5, we determ1ne the num6er 0f n -+ 
a5 a funct10n 0fX=EJE6eam 1n 6 jet5 [N~ (x)] and 
1n cjet5 [N~ (x)] 6y 501v1n9 the e4uat10n5 

~ -  • : >  

n~ (x)-njet[F~6 N~6 (x)A~,(x) 

+ F~ ~ (x)A•9 ( x ) R ( x ) 1 ,  

> < :  < :  71 

n~ (x) = njet [F9 N~6 (x)A 6 (x) 

+ F~  ~(x )A~9(x)]  . 

Here n~ > (x) 15 the num6er 0f 065erved n -+ 1n an x 
61n 1n the Pt > 1 6eV/c ••heavy•• je t  5amp1e, nj>t 15 the 
num6er 0f 065erved jet5 1n the Pt> 1 6eV/C 5amp1e, 
F ~  15 the fract10n 0 f6  jet event5 1n the pt> 1 6eV/C 
5amp1e, A ~ (X) 15 the aCCeptanCe f0r n -+ 1n 6 jet5, R (X) 
15 the C0rreCt10n fact0r f0r the extra three-jet c0ntr1- 
6ut10n5 6y c jet5 1n the p t>  1 6eV/c 5amp1e, and 50 
0n. F, A, and R are 06ta1ned 6y M0nte Car10. 7he 
num6er5 f0und f0r ••heavy•• jet5 are d0u61ed t0 91ve 
N ~  and N~e, the num6er 0f n -+ 1n heavy 4C1 event5. 
F195. 1a and 16 5h0w the re5u1t1n9 5ca1ed cr055 5ec- 
t10n5 1/(f1Ne,,) (dN95/dx) and 1/(f1Ne0)(dN~2e/dx). 
Decay pr0duct5 0f part1c1e5 w1th 11fet1me5 1e55 than 
5× 10 -•° 5 are 1nc1uded 1n the cr055 5ect10n5. 7he 
cr055 5ect10n f0r n -+ fr0m 119ht 4uark (u, d, 5) jet5 
(f19. 1c) 15 ca1cu1ated u51n9 the ••heavy•• jet re5u1t5 
and a55um1n9 that avera9e jet5 are 1/11 6 jet5, 4/11 c 
jet5 and 6/11 119ht 4uark jet5. We 5ee that the p10n 
cr055 5eCt10n at 10w x 15 1ar9er f0r613 event5 than f0r 
avera9e event5. H0wever, there 15 n0 5tat15t1ca11y 519- 
n1f1cant d1fference 6etween the p10n cr055 5ect10n f0r 
ce event5 and f0r the avera9e event5. 7he f19ure5 a150 
5h0w the pred1ct10n5 fr0m the Lund M0nte Car10, 
wh1ch are 1n 900d a9reement w1th 0ur data. 
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7a61e 1 
7he c0mp0nent5 0fthe pr0mpt 1ept0n event5 5amp1e5 due t0:6 decay t01ept0n, c decay t01ept0n, the ca5cade decay 6 t0 c t01ept0n, and 
6ack9r0und. 

7a9 6 4uark c 4uark 6~c 8ack9r0und Event5 

e(pt< 1) 12+2% 57+8% 7+1% 24+6% 279 
e(pt> 1) 65+6% 20_+3% 4_+ 1% 11 +3% 83 
~t(pt< 1) 15+3% 49+5% 5+1% 31+3% 565 
6t(pt> 1) 61 _+6% 17+4% 3-+ 1% 19+2% 193 

. . . . . . . .  ] . . . . . . . . . . . .  1 . . . . . . . . . . .  1 • • ,00  
event5 X 

0.02 0.1 0.2 0.02 0.1 0.2 0.02 0,1 0.2 

x = (E~/E6eam) x - (E~/E6earn) x = (E~/E6eam) 

F19. 1.7he n -+ 5ca1ed d1fferent1a1 cr055 5ect10n per event f0r (a) 
e+e - ~66 event5, (6) e+e---,c~ event5, and (c) e+e---,u8/da/5~ 
event5.7he 5011d 11ne 5h0w5 the mea5ured cr055 5ect10n f0r aver- 
a9e event5 f0r c0mpar150n. 7he da5hed 11ne5 91ve the pred1ct10n5 
fr0m the M0nte Caf10 [8] (5ee f00tn0te 2) f0r (a) 66, (6) ce, 
and (c) u8/d~59. 

Cr055 5ect10n5 5ummed 0ver char9ed hadr0n  5pe- 
c1e5 are der1ved 1n a 51m11ar fa5h10n, and  are d15- 
p1ayed 1n f19. 2. 7hey  a150 5h0w an exce55 0f  hadr0n5 
at 10w x f0r 613 event5, and  are a150 1n 900d a9ree- 
ment  w1th the Lund  M0nte  Car10. 

7he  mean num6er  0f  p10n5 N ~ and t0ta1 hadr0n5 
N h per  event  are f0und 6y 5umm1n9 up the 5ca1ed 
d1fferent1a1 cr055 5ect10n51n the x re910n5 where they 

~ x  

100 

10  a )  h a d r 0 n  ~ 

1n 6 6  e v e n t 5  m 6 6  e v e n t 5  {~  

0.02 0.1  0.2 

x = (Eh/E6eam) 

0.02 0.1 0.2 0.02 0.1 0.2 

X = ( E h / E 6 e a m )  x = ( E h / E 6 e a m )  

F19. 2. 7he char9ed hadr0n 5ca1ed d1fferent1a1 cr055 5ect10n per 
event f0r (a) e+e - ~66 event5, event5, (6) e+e - ~ce event5, and 
(c) e+e - -~uf1/d~5~ event5. 7he 5011d 11ne •5h0w5 the mea5ured 
cr0555ect10n f0r avera9e event5 f0r c0mpar150n. 7he da5hed 11ne5 
91ve the pred1ct10n5 fr0m the M0nte Car10 [8] (5ee f00tn0te 2) 
f0r (a) 66, (6) ce, and (c) uf1/d/a/5~. 

are mea5ured, and  u51n9 a funct10na1 f0rm (the 5um 
0f  tw0 exp0nent1a15 ) f1tted t0 the mea5ured re910n5 
t0 f111 1n the 9ap5. 7he  c0ntr16ut10n5 fr0m unmea-  
5ured x re910n5 are 0n the 0rder  0f  25%. 7he  re5u1t- 
1n9 mu1t1p11c1t1e5 0f  char9ed p10n5 and t0ta1 char9ed 
hadr0n5 are 91ven 1n ta61e 2, a10n9 w1th c0mpar150n 
num6er5 f r0m the Lund  M0nte  Car10. A 5ec0nd 
meth0d  0f  f1nd1n9 the t0ta1 mu1t1p11c1ty (f1tt1n9 the 
d15tr16ut10n 0f  the num6er  0f  char9ed hadr0n5 per  
••heavy•• je t  w1th an eff1c1ency matr1x t1me5 a func- 
t10na1 f0rm f0r the num6er  0f  9enerated track5) wa5 
a150 u5ed and 9ave very 51m11ar re5u1t5. 

70  der1ve ka0n mu1t1p11c1t1e5, we d0 d E / d x  f1tt1n9 
and 4uark ta9 unf01d1n91n 0n1y f1ve m 0 m e n t u m  61n5 
6ecau5e 0f  10w 5tat15t1c5 f0r the ka0n5. We are n0t  
a61e t0 c0n5tra1n a mu1t1-parameter funct10na1 f0rm 
a5 we d1d when 5umm1n9 up the mu1t1p11c1ty f0r 
p10n5, and  thu5 u5e a M0nte  Car10 m 0 m e n t u m  5pec- 
t r a m  and 0n1y f1t the n0rma112at10n. 7he  5y5temat1c 
err0r5 0n th15 5pectrum are e5t1mated 6y chan91n9 the 
parameter5 0f  the fra9mentat10n funct10n5 1n the 
Lund  M0nte  Car10. 7 h e  re5u1t1n9 ka0n mu1t1p11c1t1e5 
are 91ven 1n ta61e 2. 7he  err0r5 f0r N ~  and N0~ are 
h19h1y c0rre1ated, a5 can 6e 5een 1n the c0nt0ur  p10t 
1n f19. 3. 7h15 f19ure 5h0w5 that  heavy 4uark event5 
c0nta1n m0re ka0n5 than avera9e event5, a1th0u9h we 
are una61e t0 determ1ne what  fract10n 0f  th15 exce55 
15 due t0 66 event5 a5 0pp05ed t0 ce event5. 

70  f1nd p, 13 mu1t1p11c1t1e5, we c0unt the num6er  0f  
1n the ran9e 0f  0.50-1.35 6eV/c ,  where d E / d x  f0r 

13 15 very we11 5eparated fr0m d E / d x  f0r 0ther part1- 
c1e5. 0n1y the ant1-pr0t0n5 are u5ed 6ecau5e 0f  the 
1ar9e pr0t0n 6ack9r0und fr0m 5ec0ndary 1nterac- 
t10n5. We u5e the Lund  M0nte  Car10 t0 extrap01ate 
the t0ta1 pr0t0n mu1t1p11c1ty fr0m the mea5ured ran9e. 
After  6ack9r0und 5u6tract10n and 5amp1e unf01d1n9, 
we 06ta1n the re5u1t5115ted 1n ta61e 2. W1th1n the very 
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7a61e 2 
7he mea5ured mu1t1p11c1t1e5 0f r~ +, K -+, p (1a) and t0ta1 char9ed hadr0n5 1n d1fferent e+e-~4C1 event5, w1th c0m61ned 5tat15t1ca1 and 
5y5temat1c err0r e5t1mat10n5. A150 5h0wn are the M0nte Car10 pred1ct10n5. 

/~Mc N K /~Mc N p N~c Nh N~Mc 

66 13.8•1.0 12.2 1.7•0.6 2.1 0.7•0.6 0.3 15.9•1.0 14.6 
c0 10.8•0.9 10.6 2.0•0.5 1.7 0.6•0.5 0.6 13.2•0.9 12.9 
u~d~59 10.1•0.9 10.0 0.9•0.4 1.2 0.6•0.4 0.7 12.0•0.9 11.9 
avera9e 10.7•0.5 10.4 1.4•0.1 1.4 0.6•0.1 0.6 12.8•0.6 12.4 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 
0" 

•••1 . . . .  1 . . . .  1 . . . . . . . .  1••• 

h 
e" 

,,,1 . . . .  1 . . . . . . . .  1 . . . .  1,,, 
0.5 1 " 1.5 2 2.5 3 

F19. 3.7he 0ne 5tandard dev1at10n c0nt0ur 0fthe f1t f0r the mn1- 
t1p11c1t1e5 0fK • 1n 615 and ce event5. 1n the p10t "+"  15 the re5u1t 
f0r the f1t f0r N~66 and N~. 7he "e~ 15 the mea5ured K • mu1t1- 
p11c1ty 1n avera9e 4C1 event5, p10tted f0r c0mpar150n. 7he " ~  
5h0w5 the M0nte Car10 pred1ct10n [ 8 ] (5ee f00tn0te 2). 

1ar9e err0r5, we are una61e t0 f1nd any d1fference 1n 
pr0t0n mu1t1p11c1t1e5 f0r the var10u5 event f1av0r5. 

Def1n1n9 the decay pr0duct5 0f  the heavy hadr0n5 
wh1ch c0nta1n the pr1mary 6 0r c 4uark5 a5 the ••1ead- 
1n9•• part  0f  the event, we can 1earn 50meth1n9 a60ut 
the pr0pert1e5 0f the  rema1n1n9 ••n0n1ead1n9•• part 0f  
the heavy 4uark event 6y c0mpar1n9 the n0n1ead1n9 
mu1t1p11c1ty w1th t0ta1 mu1t1p11c1ty mea5ured f0r 

e+e - ~4C1 at an Ecr~ e4ua1 t0 the n0n1ead1n9 ener9y. 
We ca1cu1ate the mu1t1p11c1t1e5 0fa11 char9ed track5 

(add1n91ept0n5 fr0m heavy 4uark decay5 t0 the had- 
r0n mu1t1p11c1t1e5 f0und a60ve) t0 6e 16.7 + 1.0 and 
13.5 •+ 0.9 f0r 613 and c0 event5 re5pect1ve1y. 7he  mu1- 
t1p11c1ty 0f the 1ead1n9 part  0f  66 event5 15 taken 
d1rect1y fr0m the C L E 0  [9] mea5urement  0f  
11.0 + 0.3 f0r the mu1t1p11c1ty 0f 81] event5. 70 06ta1n 
the 1ead1n9 mu1t1p11c1ty 1n c0 event5, we f1r5t a55ume 
the 1ead1n9 hadr0n5 t0 6e D* and D 1n the rat10 3 : 1. 
We  take 8 R  (D* +--, D°n +) = 0.5, and 1nc1ude that n + 

15 

• ~ 10 

t ~  

r .9 

Q) 

¢0 

0 

. . . . . . . .  1 • • k  7A550 
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F19. 4. 7he h0r120nta1 da5hed 11ne5 5h0w the n0n1ead1n9 mu1t1- 
c1p11c1t1e5 f0r 60tt0m and Charm event5 f0und 1n th15 exper1ment. 
7he Vert1ca1 da5hed 11ne5 5h0w the n0n1ead1n9 ener91e5 f0r 60t- 
t0m and charm event5 at th15 exper1ment•5 Ecm, f0und u51n9 fra9- 
mentat10n mea5urement5 [ 11 ]. 7he 1nter5ect10n 0f the5e 11ne515 
c0mpared w1th a c0mp11at10n 0f data f0r avera9e mu1t1p11c1ty 
ver5u5 CM ener9y 1n e+e - ann1h11at10n [ 12]. 

1n the 1ead1n9 mU1t1p11C1ty. 7hen  U51n9 the Mark 11 
[ 10 ] mea5Urement5 0f 2.47 •+ 0.14 and 2.16 + 0.16 f0r 
the mU1t1p11C1t1e5 0f D ° and D +, We 06ta1n a t0ta1 
1ead1n9 mU1t1p11C1ty 0f 5.1 •+ 0.3 per C0 event. Mu1t1- 
p11c1ty d1fference5 due t0 0ther charm and 60t t0m 
5tate5 are n0t  1nc1uded. U51n9 0ur data f0r the t0ta1 
mu1t1p11c1t1e5, the n0n1ead1n9 mu1t1p11c1t1e51n heavy 

4uark event5 are then N ~ = 5 . 7 + 1 . 1  and 
n 1  ..[• • N0e = 8.4• 0.9. 
Re1at1n9 the avera9e n0n1ead1n9 ener9y ,1 ( E 4 4 )  t0  

the mean  ener9y fract10n 0f the heavy hadr0n5 (X4)  

6y (E,]~)  =E¢m(1 - ( X 4 ) )  and u51n9 w0r1d avera9e 
va1ue5 [11] 0f (X6)=0.79•+0.03 and (Arc) 

= 0 . 5 8 + 0 . 0 2  91ve5 ( E ~ , ~ ) = 6 . 1 + 0 . 9  6 e V  and 
n 1  (Ec~)  = 12.2•+ 0.6 6eV.  F19. 4 5h0w5 repre5entat1ve 

mu1t1p11c1ty data f0r e - e -  ann1h11at10n 0ver a 1ar9e 
ran9e 0f center-0f-ma55 ener91e5 [ 12 ]. 1n the f19ure, 
we c0mpare 0ur n0n1ead1n9 mu1t1p11c1ty w1th the 
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e+e - mu1t1p11c1ty at an Ecm e4ua1 t0 th15 n0n1ead1n9 
ener9y. 7he  a9reement 15 900d, and  we c0nc1ude that  
the hadr0n12at10n 0 f t h e  n0n1ead1n9 par t  15 pr0ceed- 
1n9 1n a manner  1ndependent 0f  the 1ead1n9 f1av0r. 

1n 5ummary, we mea5ure 1nc1u51ve 5pectra 0f  
char9ed p10n5 and 0f  char9ed hadr0n5 1n 66 event5, 
1n ce event5 and 1n 119ht 4uark (uQ, dd, 0r 59) event5. 
7he  p10n and hadr0n cr055 5ect10n5 at 10w x, and  
hence the avera9e mu1t1p11c1t1e5 0f  p10n5 and had-  
r0n5, are h19her f0r 613 event5 than f0r avera9e had- 
r0n1c event5., H0wever,  we f1nd n0 5tat15t1ca11y 
519n1f1cant d1fference 6etween p10n 0r hadr0n  rate5 
1n c¢ event5 a5 c0mpared  t0 avera9e event5. 7he  
char9ed ka0n mu1t1p11c1ty 15 f0und t0 6e h19her 1n 
heavy 4uark event5 than 1n 119ht 4uark event5. 7he5e 
re5u1t5 are c0n515tent w1th da ta  fr0m 0ther  exper1- 
ment5, where ava11a61e, and w1th pred1ct10n5 0f  the 
Lund M0nte  Caf10. N0n1ead1n9 mu1t1p11c1t1e5 deter-  
m1ned f0r heavy 4uark event5 a9ree w1th the t0ta1 
mu1t1p11c1t1e5 mea5ured 1n ann1h11at10n event5 at a 
c0rre5p0nd1n91y reduced CM ener9y. 

We ackn0w1ed9e the eff0rt5 0f  the PEP 5taff, and  
0f  the en91neer5, pr09ramer5 and  techn1c1an5 0f  the 
c011a60rat1n9 1n5t1tut10n5 wh0 made  th15 w0rk p05- 

5161e. 7h15 w0rk wa5 5upp0rted 1n part  6y the Depar t -  
ment  0fEner9y, the Nat10na1 5c1ence F0undat10n, the 
J01nt J a p a n - U 5  C011a60rat10n 1n H19h Ener9y Phy5- 
1c5, and  the F0undat10n f0r Fundamenta1 Re5earch 
0n Mat te r  1n 7he  Nether1and5. 
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