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Results on charge and multiplicity fluctuations in 205-GeV/c pp interactions are pre-
sented. The data are shown to be consistent with a simple picture of independent emis~
sion of low-multiplicity clusters, rather than of single pions, for the major part of the

inelastic pp cross section.

In this Letter we present results on multiplicity
and charge-transfer distributions using an in-
clusive sample of ~3500 inelastic 205-GeV/c pro-
ton-proton interactions obtained from an exposure
of the Fermi National Accelerator Laboratory
(FNAL) 30-in. hydrogen bubble chamber.! Earlier
discussions of multiplicity distributions in the
forward and backward center-of-mass (c.m.)
hemispheres in the energy range 100-1500 GeV/c
have been reported.>® Data on the charge trans-
fer across the c.m. hemisphere boundary have
been presented in Ref. 3.

The kinematic variable used for the separation
into the forward and backward hemispheres is the
c.m. rapidity y. The mass assignments to each
outgoing track for the calculation of y have been
discussed in detail elsewhere.* That our hemi-
sphere separation is reliable (on the average) is
demonstrated by considering the average value of
the charge transfer # across the c.m. hemisphere
boundary,

u E%(Qf - Qb) final —%(Qf "Qb) initial »

where @, (@,) is the total charge in the backward
(forward) hemisphere. For pp interactions the
average charge transfer should be zero. From
our data we find %) =0.015+0.017. One bracket
denotes an average over data within a given mul-
tiplicity, while the second bracket denotes an av-
erage over all multiplicities.

Asymmetry studies of multiplicity cross sec-
tions® within a single c.m. hemisphere are ex-
pected to reveal whether a diffractive (fragmenta-
tion) or independent-emission (multiperipheral)
mechanism dominates multiparticle production.

Figure 1 shows, for different charged multiplici-
ties n (4 s n< 18), the cross section for producing
f particles in the forward hemisphere (b=7n - f
particles in the backward hemisphere). The dis-
tributions have been folded and averaged about
f=b=n/2. For n=>6 the distributions are sym-
metric with a maximum at f=b=n/2, i.e., events
are most likely to have equal numbers of parti-
cles in each hemisphere, as expected in an in-
dependent-emission picture. Diffractively pro-
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FIG. 1. Cross section for producing f particles in
one ¢.m. hemisphere for different topologies #.
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duced events are expected to be asymmetric with
a minimum at #/2.° Such a contribution from
configurations f(b) =1, b(f) =3 is seen in the data
for n=4.° Results from 102-GeV/c pp interac-
tions, published for n <8, show a similar be-
havior.?

In an independent-emission picture one expects
the mean squared charge transfer fluctuation
across a boundary at any fixed y to be propor-
tional to the charged-particle density dn/dy=(1/
o)do/dy™®:

D*(y)={u?(y)) = Cu () <dn/dy. 1)

In Fig. 2(a) we compare the shape of D?(y) with a
curve which represents dn/dy for charged parti-
cles with leading protons excluded.® Relation (1)
is satisfied by our data. Similar results have
been obtained at lower energies.™® We find re-
lation (1) to hold for semi-inclusive distributions
as well, i.e., D,%(y)x (0,) *do,/dy for n=6.
Asymptotically, diffractive models! predict
that (u%)=D?(0)=V's, while an independent-emis-
sion calculation gives {#2) = const.? Our value,
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FIG. 2. (a) The dispersion of the inclusive charge
transfer distribution across a boundary at any fixed
rapidity y. The curve represents the charged-particle
density distribution with leading protons excluded.

(b) The ratio of the average charge transfer across the
hemisphere boundary for fixed number of negative par-
ticles in each hemisphere, (u,_ .f_), and the excess of
negative particles in one hemisphere, |b.—f.|, as a
function of multiplicity of negative particles, n.. (c) The
mean fluctuations in charge transfer for different topol-
ogies.
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for all charged particles, {u%)=0.99+0.03, at
205 GeV/c, is not significantly different from the
measured value of {#2)=0.90+0.04 for 102-GeV/
¢ pp interactions.® The variation of {#2) with s
thus appears to be slower than Vs,

The above results support the picture that in
high~energy multiparticle production “something”
is independently emitted. Independent emission
of single pions, however, is not consistent with
some known experimental results. For example,
there is a positive correlation between neutral-
and charged-pion emission in high-energy pp
collisions.’® An analysis of the event-to-event
fluctuations in longitudinal phase space'* and re-
cent studies of the two-particle rapidity'® and
azimuthal®® correlations suggest that the indepen-
dent emission of low-multiplicity clusters can
account for multiparticle production. Similarly,
clustering effects are indicated by the observed
magnitude of the mean charged-particle multi-
plicity’” and the second moment of the multiplici-
ty distribution, f,. It is therefore of interest to
compare the present data with a cluster picture
in which neutral clusters are emitted.

In the further analysis of our data we use a
simple asymptotic cluster model (because of the
leading-particle effect the clusters are assumed
not to participate in energy-momentum conserva-
tion) which is discussed in Refs. 12 and 8: Neu-
tral clusters are independently emitted along the
rapidity axis and decay as “w” - 7*7" 7° by placing
one pion at the position y of the “w” and the other
two pions at rapidities y+A and y - A, respec-
tively. The parameter A is related to the cluster
mass. Clusters in the interval (y,—-A4, y,+A) de-
posit charged particles both to the left and to the
right of y, with a probability 2A/Y. Here Y is
the effective width of the rapidity distribution
which we choose such that (@n/dy)y-,* Y=(n,:)
and obtain Y=~ 4, Both charge transfer and its
fluctuation increase with increasing cluster mass.
In particular,®

D*(y)=%Adn/dy .

From the scale factor in Fig. 2(a) we estimate
A=~0.9."® Note that our value of D?(0) is incon-
sistent with the prediction for independent emis-
sion of single pions, D?(0)={n.)=2.8 at 205 GeV/
c.

Figure 2(b) shows the average charge transfer
for fixed number of negative particles in one
hemisphere as a function of n.. The values for
different |b. — f.| are approximately equal and



VoLUME 34, NUMBER 11

PHYSICAL REVIEW LETTERS

17 MARcH 1975

independent of n. as expected for independent
emission.’®> The amount of charge transfer for
“w” clusters is'?

<ub_,f_>/|b- _f_‘: %A/Y.

The expected value for independent emission of
single pions is 0.5,'2 which is inconsistent with
our data. Using an average value of (u,_ ;_ )/
6. - f.]~0.3, we find A=~0.9. In Fig. 2(c) the
dependence of the charge-transfer fluctuation on
topology is shown. The observed approximate
linear rise is expected if independent emission
is the production mechanism. From the “w”
cluster prediction,'?

), =$@/Vn.,

we get A~0.8. The expected slope of 1 for in-
dependent emission of single pions is again in-
consistent with the data.

In Fig. 3(a) we show the average multiplicity
( f) in the forward hemisphere as a function of
the number of particles in the backward hemi-
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FIG. 8. (a) Average multiplicity ( ) in the forward
hemisphere as a function of multiplicity in the backward
hemispheres b. Data denoted by full circles were ob-
tained with all tracks of each event included. Particles
within a gap |y|<0.75 were excluded to obtain the data
denoted by the open circles. (b) The ratio of the for-
ward-backward multiplicity fluctuation, {(f—5)%, to
the multiplicity of negative particles, n._, for different
topologies. The solid curve is a result of a Monte
Carlo calculation (Ref. 19). The dashed line marks
the value of the plotted variable which was used to esti-
mate the value of the A parameter.

sphere b (full circles). We believe that the min-
ima at b=1, 3 are partly due to the 1-1 configura-
tion (1-3 and 3-1 configurations) of the diffractive
two- (four-) prong events® and partly due to an
odd-even effect caused by charge conservation
which is more pronounced for lower multiplici-
ties. For b > 4 there is a positive correlation be-
tween ( f) and b. Emission of clusters provides
a mechanism for such a correlation which in-
creases with growing cluster mass.® Introduc-
tion of a suitable rapidity gap around y=0 should
eliminate this mechanism. This is achieved in
our data for gap sizes greater than about % (open
circles) which roughly equals the value for 2A as
derived from the charge-transfer data. The mul-
tiplicity fluctuations {(f - 5)?), given in Fig. 3(b)
as a function of the number of negative particles
n., is approximately proportional to n., as ex-
pected in independent emission. The fluctuation
decreases with increasing cluster mass and the
asymptotic prediction for the “w” cluster is®

((f =0 /n.=4(1 = $A/Y).

From the measured fluctuation at average values
of n. (dashed line) we estimate A ~0.6. Note that
the single-pion emission prediction®

((f =) /n. =2

is inconsistent with the data. The solid (Monte
Carlo) curve'® for single-pion emission agrees
with the value 2 at average multiplicities and de-
viates from the asymptotic prediction because of
charge and energy-momentum conservation.

Note that diffractive production would not give
a correlation between f and b, and the asym-
metric events would show a considerably larger
forward-backward multiplicity fluctuation than
shown in Fig. 3(b).

We conclude that our measurements of multi-
plicity cross sections in different hemispheres
and charge-transfer cross sections in 205-GeV/c
pp interactions are consistent with independent
emission of low~-mass clusters and inconsistent
with single-pion emission. The clusters can be
characterized, within the framework of the in-
dependent-cluster-emission model of Ref. 12, by
a rapidity spread A of their decay products of 3
to 1 unit in rapidity.

We are thankful to E. L. Berger, P. Grannis,
G. Thomas, and C. N. Yang for interesting con-
versations. We are particularly indebted to
C. Quigg for helpful suggestions and discussions
about cluster models.
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