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Pp and pp rapidity correlations

Abstract: We investigated correlations between pairs of charged secondar-
ies produced in antiproton-proton and proton-proton interactions at a
centre-of-mass energy of 31 GeV using the pseudorapidity variable
n = -ln(tanB/2). Positive, short-range correlations were observed in
both reactions. In the antiproton-proton case, however, there is a
stronger correlation at very short range when both particles are pro-
duced in the central region and when the charged multiplicity of the
event is about 30% higher than the mean. A simple Monte Carlo calcula-
tion indicates that quark-antiquark annihilation into two hadronic jets

could account for the observed effect.
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1. INTRODUCTION

It is commonly held that the differences between antiproton~proton
and pr§£on;proton interéctions will vanish at asymptotic energies. At
the highest energies where both reactions can be studied (i.é. at the
CERN Intersecting Storage Rings), differences  in terms of total and
elastic cross-sections -- whilst diminishing -- are still appreciable
[1-5). . In this letter, we shall show that differences in multiparticle

production also persist to ISR energies.

At low energy, the differences between Pp and pp reactions can be
ascribed folthe annihilation channel [6]. In contrast to the soft,
‘"peripﬂerél" processes common to both Pp and pp interactions, annihila-
tion ig a very inelastic process, and one expects that this should be
manifested in the final-state topologies of Pp collisions. A compara-
tive study of multiparticle production is, thereforé, a potentially
fruitful way of expanding our understanding of the persisting Pp/pp dif-

ferences.

Results on multiplicity and single-particle distributions [7,8] and
on two-body correlations [9,10] in Pp and pp collisions at the ISR have

already been reported. Within the accurécy of these measurements, no
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clear difference in the two reactions was apparent. When the
correlations are considered in terms of second-order (Bose-Einstein)
interference, however, there is some evidence of differences between the

two reactions [10].

in this communicatiom, we present the results of an analysis of sec-
ondary production in Pp and pp collisions at the centre-of-mass energy
Vs = 31 GeV in terms of the ;two-particle correlation function. Earlier
measurements of this guantity in pp collisions at the ISR {11-15] showed
that secondaries are not emitted independently, but are found to cluster
in rapidity over a range of about two units (short-range correlations).
This correlation is commonly understood as being due to the independent
production of low-mass objects which subsequently decay into few parti-

cles [16,17].
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2. THE EXPERIMENT

The apparatus ~-- the same as that used for .the measurement of the
total cross-section ~- has been described in detail elsewhere [1,2}.
Briefly, it consisted of a set of scintillation-counter trigger hodo-
scopes which covered almost 100% of the full solid angle. The fully
inclusive trigger, which required at least one detected charged particle
in each hemisphere, was sensitive to about 99% of all inelastic events.
Single-beam background, originating in the collisions of beam protons
with the vacuum chamber or with the residual gas, was quite severe in Pp
runs because of the very asymmetric currents and the low luminosity. It
was minimized by using a small-angle trigger, more restrictive than the
fully inclusiye trigger but still sensitive to about 75% of all inelas-
tic events. Timing information provided by the hodoscopes could be used

off-line to reduce background contamination of the data te < 3%.

Two different systems were used for the detection of charged secon-
daries:
-~ hodoscopes of scintillation coﬁnters, which covered the entire azi-
muth in the pseudorapidity ramge |n| < 5 but which had poor n and ¢
resolution, and

- a drift-chamber vertex detector, which had a much better 7n resolution
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but covered a more limited polar ramge (|n| < 2).

The scintillator hodoscopes were divided into annular rings with a width
. in ©n.ranging from 0.5 units in the central region to 0.1 units at small

angles. - The rings were subdivided into quadrants or octants. in azimuthal

-angle.

The vertex detecfor (described in detail in Ref. 18) was oberated in the
abseﬁce of a maénetic fielé,.and 50 no measurements of momentum or charge
sign were perforﬁed.‘ The system.had a resolution in n of 0.05 units in the
cén£¥a1 region. In tﬁe analysis performed with the chamberé, the interac-
tion vertex was recénstructed with a spatial resolution of < %10 mm; thus
all baékground events Were.positively identified. About 70% of.all inelas-

tic events survived the fiducial cuts imposed on the vertex distribution.

The Pp data were collected with currents of 2-4 mA for P's and 10 A for
p's, yielding an instantaneous luminosity of 10%%-10%7 cm"? s°! and an
integrated luminosity of 4-7x10%*? c¢m™?. In order to minimize systematic

biases, the pp data were taken immediately before the Pp run at the corres-

ponding energy.

The correlation function obtained after integrating over azimuthal angle

is defined by the following expression:
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Rz(m1,n2) = [p2(n1,m2)1/[pa(ny) + pa(n2)] ~ 1,

-where p2(n,,n2) is the two-particle density at. (n;,n.), and p,(n) is the
single-particle density at 1. In terms of directly measured quantities, R,

" can be written:

Re(na,mz) = INg 0 - NaGhauna)1/[Ni(na) + Nanad] - 1,

where Ninel is the measured counting rate of inelastic collisions, N;(n) is
the rate of a single charged particle at n, and Na(n,,n;) is the rate of
two charged particles, one at n; and one at Nz, in the same event. If par-

ticles are emitted independently, R,(n,,nz) is zero.

Note that Ra(n;,n2) is insensitive to many experimental biases, to first
order, because it is a ratio of experimental rates. Secondary interactions
in the ambient material surroundiné the interaction region could, however,
have affécted tﬁe value of R,. In addition to being small, such effects
are expected to be.the s#me for both Pp and pp reactions on fhe basis of
the similarity of their measured secondary distributions, and, conse-

quently, no corrections were made.



Ppp and pp rapidity correlations 6

3. THE RESULTS

First, -let us consider the scintillation-counter data. In Fig. 1 we
present Ra(n,,nz2) as a function of nz, with n, held fixed at m, = 0.25 for
both Ppp and pp collisions. Within the accuracy of the measurement, no dif-
ference between Pp and pp is apparent. The figures exhibit the familiar
positive short-range correlation peaking at %, = nz, in good agreement with

a previous measurement performed at the ISR [11].

Let us now turn to the chamber data. We shall see that, although the
statistics of these data is poorer (we analysed about 30 000 chamber events
compared with 100 000 counter events for each reaction), the better n reso-

lution of the chambers was essential.

Figure 2 again shows R2(ni,n2) as a function of n, for Pp and pp colli-
sions, this time for six regions of fixed n,. Let us first examine Fig.

2c, in which the region of fixed n; corresponds to that in Fig. 1.

The data presented in Figs. 1 and Qc are broadly similar, except that
the height of the maxima at n, = nz are slightly lower for the chamber
data. This is an artefact of the different event-selection criteria for
the two sets of data. The most striking aspect of Fig. 2c is the excess of

correlation, at the maximum of the Pp distribution, that emerges with the
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improved resolution of the chamber data. This excess of correlation is
limited to a range in n; of about *0.3 units (hence its apparent absence in
the counter data). Reducing by a factor of 2 the n; interval over which Ra
was integrated, we found no appreciable change in the width of.the Pp
excess in np -- it is much nérrower than the shOrt-fange correlations com-
mon to both reactions, and, consequently, indicative of a separate dynami-

cal mechanism.

In order to be certain that the effect was not due to secondary interac-
tions, we reanalysed the data, imposing more stringent cuts on the recon-
structed vertex, thus improving the identification and rejection of secon-

dary vertices. The extra Pp correlation was not affected.

To investigate the correlation as a function of the rapidities of both
charged particles, we calculated Rp(n,,n;) for the other values of fixed 7,
shown in Fig. 2. Both Pp and pp correlation functions have maxima at
My = N2, a&s expected from earlier pp correlation studies. The Pp excess,
howgver, diminishes as 1, moves away from zero. In order to quantify the
N, dependence of the extra Pp correlation, we integrated the diffe;ence
AR2 = R2(Pp) - R2(pp) over mn, at each n, setting and plotted this differ-
ence as a function of mn,. The results are shown in Fig. 3: one sees

clearly that the enhancement of the Pp correlation function occurs only for
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We then:i#vestigated the corrglation.semi-inglusively, i.e. in different
multiplicity ranggs. ‘The PP |nu1tiplici§y distribution has already been
measured at the ISR [19]f_ We‘found that the Pp distribution is broadly
similar with a mean 2% higher than in the pp case [20,21]. Ihe distribu-
tion in the difference of the topological cross-sections -- which we shall
refer to as the annihilation distribution -- peaks 4t a multiplicity 30%
higher fhan 'in the Pp and pp. distributions from which it is dexived,
aithough it has a similar Gaussian shape. .We separated our data into three
multiplicity-réngés with reference to the mean annihilation multiplicity

N 2 Ry < 2/3 N 2/3 Nann < ngy, < 4f3 Nann; and 4/3 Nann <ng,.

ann ann’

The semi-inclusive correlation functiéhs for both reactions are shown in
Fig{ 4 fdr these multiplicity ranges. The Pp enhancement is visible only
in the middle range, indicating that not all Pp inelastic events give this
extra éofrelation; but only the subsample where the number of produced par-
tiéles is larger than the averége pp or Pp multiplicity, i.e. around the

mean value of the annihilation multiplicity.

Finally, we examined the data to see if there was an azimuthal correla-

tion associated with the Pp excess in the pseudorapidity correlation. We
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calculated R2(¢:,92) (defined analogously to Rz[wi,n2)) at fixed ¢, for
pairs of tracks. The results are shown in Fig. 5: a) for all events, and
,b). for medium-multiplicity events considering only tracks in the range
In] < 2. 1In both cases there is no apparent difference between Pp and pp:
both reactions show.the observed [16] positive_co;relation_for_A¢.= 0 and

Ag = w.

~ The featpres.pf‘ﬁp and pp correlations discussed above show that, in
addition to the observed persisting difference in total. cross-sections,
- there are also differences in the final-state topologies at ISR energies.
In this 1gpter, we have reported the effect as seen at vs =31 GeV, where
the total cross-section difference is the largest measured at the ISR.. We
have also investigated our 53 GeV anq 63 GeV data for differences in two-
body_cor;elations between Pp and pp: at all energies, the excess of Pp
correlation is present with properties similar to;those_we have reported at

31 GeV. (The s dependence of the effect is currently under investigation.)

The effect can be summarized as follows:

- in pp inelastic interactjons, the particles produced are more corre-
. lated than in pp interactions;

- the extra component of correlation is superimposed on the maximum at

n: ® N2, and has a width n; - 7z = 30.3 units;.
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- this excess is confined to the central region -1 < 1, = 1, < 1;

- it is present predominantly in that subset of events with charged
multiplicity corresponding to the mean of the annihilation multipli-
city distribution; and

- no eéxtra azimuthal correlation is associated with the rapidity

effect.

‘The cause of this effect is not obvious. Inithe language of Regge-pole
theory, rapidity correlation lengths are related to the difference between
the Pomeron intercept and the intercept of the next leading pole: correla-
tion length, £ = [up - aR]-l. The p and w odd charge-conjugation poles,
which are associated with the ﬁp - pp total cross-section difference, have
intercepts of @, =a® 0.5, giving a correlation 1ength £ = 2 -- too large

compared with the observed value of 0.3. Even the lowest-1lying baryon tra-

jectory (with uN = -0.3) gives & = 0.7, which is still too large.

In the framework of quantum chromodyhamics (QCD), one might expect that
quark-antiquark annihilation inte quark or gluon pairs would play & more
important role in Pp collisions than it does in pp, and, in that case,
yield extra events in which two jets of particles are emitted. Owing to
the balanced quark and antiquark structure functions in the protgn and in

the antiproton, this production would be central in rapidity.
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Motivated by these ideas, we performed a naive Monte Carlo calculation
to see if gquark-antiquark annihilation could be the source of the .extra
correlation. The Monte Carlo simply took pp events from our data, superim-
posed two jets on a variable fraction of the events, and then calculated
the associated correlation function. 'The jets were generated centrally in
rapidity and back-to-back in azimuth, and their properties (mean multipli-
city, <njet> = 2; mean opening angle of jet <ijet> = 20°%) were taken from
results on e“e” annihilation into hadrons [22]. It is interesting to note-
that 20°, the mean opening angle of jets in e'e” collisions, is equivalent

te a rapidity of 4An = 0.3 in the central regiom, i.e. the width of the

excess in the pp correlation.

The results are shown in Fig. 6: the open circles represent the input
pp data; the full circles represent the Monte Carlo calculation when the
two jets are superimposed on 1 in every 70 events. Comparison of this fig-
ure with Fig. 2c shows that this simplified model can indeed reproduce the

excess of Pp correlatiom that is observed.

The Monte Carlo .also calculates the azimuthal correlation function; the
result is presented in Fig. 7 as is the correlation function derived from
the input data. This is to be compared with Fig. 53a: the superimposition

of jets on a small fraction of pp events has no effect on the azimuthal
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correlation, and the model calculation is again in agreement with our Pp
data. In the central region, the particles of two back-to-back jets are
all close in rapidity, whereas in azimuth it is only within each jet that
- particles cluster. This explains the presence of a polar correlation in

the absence of an azimuthal one. '

The .cross-section associated with this frequency of jet production is
not, however, sufficient to account for the ent{i.re Ppp - pp total cross-
section différencé, but only a fraction of it (15-20%). This suggests
tﬁaf, whilst single gq ann.ihilation into hadroﬁ jets is a significant
mechaﬁisﬁ in the diffe);'ence between Pp and pp interactions, it is not the

only mechanism.
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FIGURE CAPTIONS
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i:

R:(ni1,nz) versus mny for fixed m; in Pp and pp interactions at
¥s = 31 GeV (scintillation-counter data).

Rz(ny1,n2) versus n, for six regions of fixed n: in Pp and pp

interactions at Vs = 31 GeV (drift-chamber data): a)
=1.44 < My < -0.84; b) -0.84 <mny < ~0.36; ¢) =0.36 < q,; < 0.12;
d) 0.12 < n; < 0.60; @) 0.60 < n; < 1.08; and £) 1.08°<:n; < 1.56.
The (Pp - pp) difference in R,(n;,n2) integrated over n;land plot-
ted as a function of n, at ¥s = 31 GeV.

The semi-inclusivé correlation function in Pp and pp interactions
at 31 GeV for a) ng, < 2/3N_ ;b) 2/3 N, <n, < 4'/3’Nann; and
) 4/3 Nann <. Pen i » e

The azimuthal correlation function Rz(¢.,¢;) versus pz”fof3fixed
¢, at ¥s = 31 GeV: a) for all events, and b) for med fuin hultipli-
city events and |m] < 1. ' v
Model calculation of the Pp pseuderapidity correlation. ThéLopen
circleéﬂ are pp data taken as iﬁput, the full 'éircleé are the
results of the jet Monte Carlo (see text). t

Model calculation of the Pp azimuthal correlation. The open cir-
cles are pp data taken as input, the full circles are. the results

of the jet Monte Carlo (see text). N
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