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Introduction

Charged particle multiplicities in hadronlc
collision have been measured for all energies up
to /s - 540 GeV in the center of mass. Similar
measurements in e+e~ annihilation cover the such
smaller range - up to •'s = 40 GeV. Data is also
available from deep inelastic neutrino scattering up
to /s ~ 10 GeV.

The experiments measure the mean charged
multiplicity < N c h >, the rapidity density at y - 0,
and the distributions in prong number. The :aean
number of phocons associated with the events can be
used to n£3sure Che n° and n° nulciplicicies. Some
information is alsu available on the charged pion,
kaon, and nucleor fractions as well as the K° and A°
rates and for the higher energy data, the =
fraction. We review this data and consider the
Implications of extrapolations to SSC energies.

Multiplicities

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

"ch a + b in s + c in

.J
n
5
_ i

0)

•a
a
u

o

i

pe
rm

it

t -
Urn
O
CO

e B
(0 CO

which represents the data up to 1SR energies well
gives a = 0.88̂  ± 0.10, b => 0.44 ± 0.05, and c - 0.118
± 0.006 for /s in GeV. This parameterization, shown
by the full line in Kig. 1, gives < Nch > - 25.1
at »'s - 540 GeV in good agreement with the value of
2b.8 ±2.1 reported by the UA5 collaboration.^*' An a
+ binS fora would be appropriate if the rapidity
density remained constanc and rapidity plateau aerely
widened as Che available energy increases. Since a
in^ tenn is required, this siople expectation is not
valid. At 40 TeV in the center of aass, Eq. (1) gives

_< Nch > = 63.2. This extrapolation nay be an
^underestimate since the fraction of hard co l l i s ion
~-hich tend to populate the central region Is
^iicreaslng rapidly with energy and approaches unity
2£or SSC energies.
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r ig . 1. Mean c^iar^ed mul t ip l i c i ty in pp co l l i s i ons
(full l ine) and e e~ ann ih i l a t ion
according to two parane ter iza t ions (dashed
line and dasned-docted l i n e ) .

The e+e data shows a soziewhat fas ter increase
with energy. A f i t of the PETRA d a t a ^ 3 ' to Eq. CD

gives a - 3.33 ± 0 .11 , b 0.4 ± 0.08, and c - 0.26 ±
0.01 , shown as a dashed l ine in Fig- 1. The expected
asymptotic behavior of < t.'cn > in QCD̂  ' I s

< N > - a ' i n S I " expfcl
ch A-* *

where for five flavors b = -0.^92 and c » 6.26 with A
- 0.25 GeV. Normalizing ac /s - 29 GeV to the HRS
oeasurecenc' ' of < N c h > • H.7 after reiaoving
charged particles froo X° and A decay, gives a -
0.108. The parameterization is shown as the dashed-
dotted line in r'Ig. 1. 3oth e e~ paraaeterizations
give similar predictions up to 1 TeV, which is the
region of interest for high P- jets at the SSC.

If events with two very high p^ jets gave
multiplicities that just resulted from the addition of
cwo e e jets to a oinisura bias hadronlc event, then
the charged nultiplicitles for an event with, say, two
0.5 TeV jets would be ~ 80 + 63 =• 143 charged
particles. This Is alcost certainly an undecesciaace
as it Ignores all initial state radiation effects as
well as the possibility of the spectator partons also
being forced off shell and so radiating.

• H3S o 5pC Driv
X T iSSO a OS ISft
A MJ1RK I <7 3(.i&(» C

10'
w IGeV)

Fig. 2. Energy -,-ariation of rapidity density at y=0
for e e~ annihilation (full line) and pp
collisions (dashed line).

The rapidity de£Sity at y » 0 increases
with /s as a + b£n /s , as SJHJWII in Fig. 2. ̂ 5>
Extrapolating this data to /s - 40 TeV gives
dn/dy - 5.5 charged particles per unit of rapidity
near y ~ 0.

Ac high energies, trie niicber of y rays increase
linearly with K .. At .'s • 0.54 TeV, the data(B' ca
be fit by :

y
be fit by :

(8 i 3) + (0.90 ± 0.38) (3)

The correlation is similar :o, but stronger than, chat
observed ac Fernilab and ISR energies.

Hea»/y Particle Fractions

The fraction of heavier particles grows up with
energy as shown in Fig. 3 with ratios K/n - 12Z and
p/x - 62 at 0.54 TeV. The lower energy e'e~ data have
relatively more heavy particles: for exaaple, at 30
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GeV the average event contains 10 T 4, 1.8 K*. 1.8 K°,
0.7 pp and 0.025 =-..* recent observation of = pro-
duction by UA5 group w of 0.08 * g^l 1 h o w e v e ri l s

significantly higher eh»o the above e*e" value.

The < ?t > value grows strongly above Ferailab
energies, particularly for che heavier particles at
shorn In Fig. 4.<"'
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rig. 3. Heavy particle fraction* In pp and pp
collisions.
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Fig. 4. < Pj > value* In pp and pp collisions.
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The hard and soft collisions show a aajor
difference In the shape of the multiplicity
distributions. The hard collisions have a much
narrower prong distribution Chan do the non-
diffractive pp collisions. The < H ^ >/D ratio Is * 3
cor e*e"" annihilation and » 2 for pp a-ia f? collisions
as shown In Fig. 5.(3'

Each sec of data, however, separately satisfies
KHO sealing: If Z - S /< .1 . >, then
< H . > a Its Is a universal function -yd).

ch n a
Proton-proton data up to ISi energies satisfy

this scaling quite s e l l as shown by the energy
variation of the aoaents C - < ni >/< n >1 In Fig.
o. Ac collider energies, however, che oulclpllc^cy
distribution in the KNO fora becoaes auch wider.' ;

Furtheraore, as seen In fig. 1, the central region 1 <\\
< 0.5 Is even broaderchan the total distribution I n|
< 5.0. Uu and Meng(3' paraaeterlze the KNO scale
breaking In teras of a paraaeter a, where
a • 1 - 6.3/< N^ >, so that at very high energies a -
I and *{2) - 4Ze z z . This fora fie* the UA5 data
for in| < 0.5. It this is Indeed the asysptotlc fora,
then events with Z - 5 or < '"Wi* • 315 a i i l occur at
the SSC with a frequency of 10 .
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Fig. 6. Multiplicity distribution for pp/pp
collisions.

nihilation and

There have been various atteapes at understanding
the DO scaling phenomena, none of them completely
convincing, k broader distribution will obviously
result froa the addition of several distributions >rtth
different aean values. Diffractive and tton-
dlffractlve interactions provide exaaples of two such
proccesses1*' and, of course, the former Is absent in
e e~ annihilation. The dual aodel in which the number
of chains increases with energy offers another good
explanation. t l0 )

Carruthers and Shih'11' have pointed out that the
UAS datE can be f i t with the negative binomial
distribution, which In the KNO liait Is:

This Is the distribution expected from a. Independent



identical sources wlch aean values < a >/n. The UA5
data is flc with a - 3, although a • 2, which givey
che Liu and Meng form is also satisfactory. Present
data does not aeasure a significant change of a with
energy.
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Fig. 7. KSO distribution for pp collisions at
540 GeV.

Correlacloas

A final aajar difference between e*e~ data and
hadronic bean jecs is in che absence of
forward:backward correlations in the former case as
compared to the scrong^effects seen for the beaa
jets. The UA5 daca'1"' when fit by:

< Hr > - j - b SB (5)

jives b • 0.57 ± 3.01. Ihe slope parameter decreases
linearly as a larger and larger rapidity gap is
iaposed between the F and B regions, buc b ~ 0.1 even
tor a rapidity gap of 6 units. A. similar but weaker
effect is seen in the 1SR data.

The correlations on the rapidity plateau.
however, in both e+e" data and for all of che hadronic
data shows a similar short-range effect over * 1 unit:
of rapidity.

The hadronic F:B correlations, as well as the
rapidity correlations can be jointly explained In a
aodel of Independent emission of low clusters.**"
This aodel, however, does not obviously explain tne
difference with the e e~ results. At the SSC, sany
events <rill contain two jets coming froa hard
collisions as well as the beau jets and so will
provide a laboratory for exploring these dlfercnces
attain a dingle experiment.
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