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Introduction

Charged particle multiplicities in hadronic
collision have been measured for all energies up
to /s = 540 GeV in the center of =ass. Similar
seasurements in e'e_ annihilaticn cover the much
smaller range = up to ¥s = 40 GeV. Data is also
available from deep {nelastic neutrino scattering up
to ¥s ~ 10 GeV.

The experiments measure the mean charged
multiplicity < Nch >, the rapidity density at y = 0,
and the distributions in prong number. The nean
number of phocons associated with the events can be
used to measure the 7n° and 3° mulciplicities. Sooe
inforzation 1s alsu available on the charged pion,
kaon, and nucleor fractions as well as the Eo and A°
rates and for the higher energy data, the =
fraction, We review this data and consider the
implicactions of extrapolations to S5C energies.

Malciplicities

A fit to the available data on < N > for pp
collisions using the form

<Ny >=a+bins+cmls , €8]

t

which rcpresents the data up to 1SR energies well
gives a = 0.88 % 0.10, b = 0.44 £ 0,05, and ¢ = 0,118
+ 0.006 for /s ia GeV. This parazeterization, shown
by the full line in Fig, 1, gtves < N > = 25.1
at vs = 340 GeV in good agreeament with the va%\é? of
26.8 * 2.1 reported by the UA5 collaboratien.
+ binS form wWwould be appropriate if the rapidicy
density remained constant and rapidity plateau oerely
ui?gned as the available energy increases.
;n term is required, this simple expectation is not
valid. At 40 TeV in the center of mass, Eq. (1) gives
<N > = 63.2. This extrapolation may be an
=hundere>t1mate since the fraction of hard collisiors
-_—_-mch tend to populate the central region is
Ei'lcreastng rapidly with energy and approaches unity
Bfor SSC energies.
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Fig. l. ™ean charged wltiplicity in pp collisions
. + - :
(full line) and e”e” annihilation
according to two parazmeterizations {(dashed
line and dashed—dotted line).
The ete”

data shows a scoewhat ras:er increase
with energy. A fit of the PETRA data3) to

Eq. (1)
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gives a = 3,33 £ 0.11, b = 0.4 + 0.08, and ¢ = 0.26 &
0.01, shown as a dashed line in Fig. b. ""he expected
asyoptotic behavior of < N > im QCD )4

Qb
H) (2)

where for five flavers b = —0.492 and ¢ = 6.26 with A
= 0.25 Gev.(ss-‘or:alizing at ¢s = 29 GeV to the HRS
oeasurezent of < N > = 11,7 after renoving
charged particles from K° and A decay, gives a =
0.108. The paraceterization is showan as the dashed-
dotted line in Fig. l. Both e”e” paraceterizations
glve similar predictions up to 1 TeV, which is the
region of interest for high P- jers at the SSC.

< Hch)=a{2.n

)1/2

{ Q
expicin A

If events with two very high pp jets gave
ultiplicities that just resulted from the addition of
two e’e jets to a winizum bias hadronic event, then
the charged cultiplicities for an event with, say, two
0.5 TeV jets would be ~ 80 + 63 = 143 charged
particles. This 1s alcost certainly an underestinate
as it ignores all initial state radiation effects as
well as the possibility of the spectator partoas also
belng forced off shell and so radlating.
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Fig. 2. Zner variation of rapidity densicy at y=0
for e'e”

annihilatioa (full line) and pgp
collisions (dashed line).

The rapidity depsity at y = 0 'lncreasef
with /5 as a + ben /s , as shown in Fig, 2 5)
Zxtrapolating this data to /s = 40 TeV gives

dnfdy = 5.5 charged particles per unit of rapidity
near y = Q.

At high energies,
linearly <ith N
be fit by :

the nuzber of y rays inigsases

eh* At /s = 0,54 TeV, the data

8% 3) +(0.90 £ 0.08) N, . 3)

The correlazion is similar to, but stronger than, that
observed at Fermilab and ISR energies,

Hezavy Parcicle Practions

The fraction of heavier particles grows up with
energy as shown in Fig. 3 with ratios K/a ~ 12
p/fa ~ 6% at 0.54 TeV. The lower energy ete”
relatively more heavy particles:

d;c:n:ave
for exaample, at 30
on the Design and Utilization of ithe
Jul,y 13, 1984).
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GeV the average event concains 10 =, 1.8 &%, 1.8 K,
0.7 pp and 0.025 = . recent obs tion of = pro-
duction by UAS group“? of 0.08 ¥ g?ﬁa. however, 13

significantly higher than the above e'e” value.

The < pp > value grows strongly above Ferailab
energies, pnrticlt.l.?rly Eor the heavier particles as
shown tn FLg. &.'°
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Waltiplicity Mstributioss

The hard and soft collisions show a msjor
ditference in the shape of the mltiplicicy
distributions. The hard collisions have a much
narrower proay distribution thau do the non=
diffractive pp collisions. The < Ny, >/D ratio is = 3
tor e'e” ann.thua:t?n and 3 2 for pp asa §z collisions
as shown in Fig. 3. 3
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Fige 5. < Ny > D ratios for e'e” annihilation and

?0:Po collisions.

Each sec of daca, however, separately sacisfies
KNO scaling: (f Z =X hI( R n >, then
<H, >a/ta is a unflersal function §(2).
ch a’ o

Proton-proton data up to ISR energles satisfy
this scaling quite well as shown by the eanergy
variation of the moments C. = < n? >/< a >% {a Fig.
6. AL collidar energies, however, the multiplicy
distribution in the KNO form becomes auch wider.*
Furcheraore, as seen fa Fig, 7, the centrai region !nj
< 0.5 i3 evea broadel(- gh;n the total distributioa ||
< 3.0. Liu and Meng 8 parameterize the KNO scale
breaking in teras of a pacameter a, where
a=1=-6.8/< Ncnz;‘ so that at very high enerzies a ~
1 and {Z) ~ 42& ““. This form f£its the UAS data
for In|] < 0.5. If this is indeed cthe asymptotic foru,
then events with Z = 5 or < ) > = 315 will oecur ac
the SSC with a €requency of 18“'3.
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Fig. 6. HMultiplicity distribution for pp/fp

collisions.

There have besn various attespts at understanding

. the KNO scaling phenomens, oore of them completely

convincing. A broader distribucion will obviously
result from the sdditioa of several distributions with
differsat mean vslues. Diffractive and non-
dit‘fnc:ivtﬁncencuou provide examples of two 3such
p_x;ogunes and, of course, the former is absent in
e 2 annihilation. The duai maodel in which the aumber
of chaians "“ﬁﬁ}“’ with energy offers another good
explacation.

Carruthers and Shit(i!) have pointed out that the
UAS datz can bas fit with the negative binomial
discribution, which in the XNO limit is:
)
. o3 a == -=Z
<a?’ Pn - =TT !Z e
This {s the distribution expected from a, independent

. (%)
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Correlacions
A final aajor difference between e*e™ data and
hadronic beam jets Ls in the absence of
forward:backward correlations ia the former case as
compared to the s:rﬂ“effecu seen for the beam
jers. The UAS daca'’~ when fit by:
(NF>-2'-I:NB (5}

3ives b = 0.57 £ 2.0l. [he slope parasster decreases
linearly as a larger and larger rapidity gap is
igposed betwvmen the F and B regions, but b ~ 0,1 even
for a rapidity gap of 6 units. A similar but wesker
effect {3 seen in the ISR data.

The correlations on the rapidity plateau,
however, in both 2Te” data and for all of the hadronic
data shows a 3iailar short-range affect over = 1l unit
of rapidity.

The hadronic F:B correlations, as weil as the
rapidity correlations can be jolatly explainad ig a
aodel of independent emissfcn of low cl.\u\:-ts.( 3
This aodel, however, g_oe_t not obviously explain cne
difference with the ¢'e resules. At the SS3C, msny
events 4ill contain two jets coming from hard
callisions as well as the bean jecs and so will
pravide a ldboratory for exploring these diferences
@izain a diagle experiment.
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