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ABSTRACT

Results are reported from an investigation of proton-proton collisions at a
c.m. energy of 52.6 GeV, in which a charged hadron with large transverse momentum
is produced near 90° in the c.m.s. We have studied the momentum and charge corre-
lations between identified high Pr trigger particles and other charged particles
in the central region (rapidity |y| < 3). When the momentum of the trigger par-
ticle is increased, we observe an increase of the density of high Pr particles
with charge opposite to that of the trigger particle in a small solid angle around
the trigger particle. The sum of the momenta of charged particles inside lyl <1,
following the triggér particle, is found to increase by 35 * 6 MeV/c per GeV/c in-
crease of the trigger momentum. Opposite in azimuth to the trigger particle we
observe close pairs of high Pr particles in both neutral and doubly charged com-
binations. In this region we see an indication of scaling in the Xp variable for
trigger momenta exceeding 3 GeV/c. The distribution of charge is strongly corre-
lated with the charge of the trigger particle. Otherwise the type of trigger par-
ticle does not affect strongly the observed event structure, but for trigger momenta
above 3 GeV/c K and P triggers are observed to have fewer negative high Pr recoil

particles within |y| < 1 than other trigger particles.



INTRODUCTION

The small fraction of high-energy proton-proton collisions in which one or
more particles with large transverse momentum, pps are produced, is a promising
source of information about the interaction between constituents of the two protons.
Several experiments [1-4] indicate that a large transverse momentum is frequently
carried by a group of particles moving in similér directions, a so-called "jet",
balanced by another group of particles roughly opposite in azimuth. In some theo-

retical models [5-11] such jets are interpreted as resulting from the fragmenta-

tion of scattered constituents of the colliding protons.

In the experiment described here, we have studied the momentum and chérge
distributions of the particles associated with an identified charged particle of
large transverse momentum, in proton-proton collisions of c.m.s. energy Vs = 52.6 GeV,
in the CERN Intersecting Storage Rings (ISR). In what follows we shall call these
particles "the associated particles'". The large Pr trigger particle was required

in a direction close to 90° to the collision axis in the c.m.s. of the colliding

protons.

In a previous publication [12] (hereafter referred to as paper I) we have
described correlations between the high Pr trigger particle and the forward charged
particles in the event. In the present paper we describe correlations between the
trigger particle and the associated charged particles in the central region defined

by |y| < 3, where y is the rapidity.

The paper is organized in the following way: Apparatus, data samplés and
definition of variables are described in Section 2. Distributions of associated
particles in rapidity and azimuth are given in Section 3. Quantum number dependence
of the correlation function is discussed in Sectioﬁ 4. Associated momentum in the
central region is considered in Section 5. Jet-like structures are described in

Section 6. The summary and conclusions are given in Section 7.
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APPARATUS, DATA SAMPLES, AND DEFINITION
OF VARIABLES

2.1 Apparatus
The experiment was carried out at the CERN ISR, using the Split Field Magnet

(SFM) and its detector (SFMD) in conjunction with the British-Scandinavian Wide
Angle Spectrometer (WAS) which was placed at the SFM in a direction perpendicular

to the bisector of the acute angle between the two colliding proton beams.

The main components of the apparatus, WAS, SFM, and SFMD are described in

paper I and in references given there. A schematic drawing of the set-up is shown

in fig. 1.

The WAS was used to detect and analyse the track of a high Pr particle, and
to give a trigger.for registration of the event with the SFMD. In order to avoid
having the trigger particle traversing the SFMD in an insensitive region around
a set of support wires, the WAS was mounted with its axis pointing 4° upwards from

the horizontal plane.

2.2 Data samples

+ +
The trigger particle in WAS could be unambiguously identified as 7, K, p,
or p in the c.m.s. momentum range 0.5-4.5 GeV/c (see paper I for details). For
momenta above 4.5 GeV/c the particle identity could only be classified as "heavy

particle" or 7.

From the SFMD signals the tracks of about 657 of the charged particles emitted
from the pp collisions were found and analysed, giving the charge and momentum
vectors at the collision point. This analysis was carried out using the pattern
recognition and geometry programs MARC and NICOLE, developed by the CERN Data
Handling Division and adapted to this experiment. In the Lorentz transformation
to the c.m.s. system a T mass was used for all the associated particles, except
for positive particles with |x| > 0.4, where a proton mass was used (x is the
Feynman variable, x = ZpEmS//g).

Table 1 gives the numbers of events, classified according to type and momen-

tum of the trigger particle.
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During the experiment a set of events forming an almost unbiased sample of
inelastic pp collisions was registered for calibration purposes. It was obtained
by using the SFMD in a self-triggering mode, requiring at least two track candi-
dates in the detector. In the analysis it was required that at least two tracks
could be reconstructed per event. This trigger was sensitive to Vv 957 of the
total inelastic cross—section. The resulting sample (with the elastic events

removed) consists of 23,340 events, and is called the minimum bias (MB) sample.

For the major part of the experiment the complete SFMD was available for use
in the analysis of the full event, but a part of the experiment was done simul-
taneously with another experiment [13] which required absorber material placed in
the SFM, so that during that time essentially only the very central region was

useful for this experiment (see below). In table 1 the events from such "absorber

runs" are labelled "A".

2.3 Variables

The events are described in a right-handed Cartesian coordinate system, where
the x-axis is pointing radially outwards from the ISR centre, the y-axis is the
bisector of the acute angle between the beams, and the z-axis is pointing verti-
cally upwards (see fig. 1). The direction of the trigger particle in WAS is close
to the direction of the negative x-axis. In the c.m.s. of the collision the y-axis

is along the beams.

-
p = (px,py,pz) is the momentum vector of a particle in the c.m.s.

1 E+p
y=735 1n ir:—sx is the longitudinal rapidity in the c.m.s., where E = v/p? + m?

y
is calculated with the mass assignment as described above.

Pp = /bi + p; is the transverse momentum in the c.m.s.
0 is the azimuth angle around the beam direction in the c.m.s.

¢ = 0 in the direction of the positive x-axis (away from the
trigger direction). We define |¢| < 180°, and we shall refer

to the regions |¢| > 90° and |¢| < 90° as the TRIGGER side and

the AWAY side, respectively.
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6 is the polar angle measured from the y-axis in the c.m.s.

PTRIG is the c.m.s. momentum of the trigger particle (= Pr of the

trigger particle).

2.4 Acceptance

The WAS has a solid angle of v 4 X 1072 sr, with a momentum resolution typical-

ly of Ap/p = 3% at p = 3 GeV/c.

In the SFMD the momenta are measured with greatly varying precision, owing
to the particular form of the magnetic field and the geometry of the detector.
Figure 2 illustrates the average Ap/p as a function of the measured momentum for
particles in various regions of rapidity and azimuth. It is seen that in particular .
for particles in the central up-down regions, |y| < 1, 60° < |¢| < 120°, the momen-
tum is very poorly determined, even below 1 GeV/c. In the remaining regions the

momentum resolution varies from a few per cent in the forward region to 10-407 in
the central region.

In the above-mentioned absorber runs only associated particles with |y| <1
and Pr > 0.4 GeV/c are detected with the same efficiency as for the runs with no

absorber material in the SFM.

Figure 3 illustrates the acceptance for particles measured with Ap/p < 0.5.
It is obtained from the particle densities observed in the minimum bias sample

and the inclusive single particle spectra [14—18]:

observed minimum bias density W

Acceptance = inclusive single particle density °

One notices that the acceptance for particles with Pr > 0.5 GeV/c in the
region |y| < 1, 45° < |¢| < 120° is very low. If, however, the requirement

Ap/p < 0.5 is dropped, the acceptance for these particles becomes of the order of

607%.

2.5 The correlation function R

The two-body correlation function for particles 1 and 2 is defined as
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do
dy1d¢1de1dy2d¢2de2

= %inel
do do

dy1dd1dp,,  dy.dd,dp
T, To

In the present case, particle 1 is the trigger particle, with y; = 0, ¢, = 180°
and Pr, ¥ Prpig’ The variables with suffix 2 refer to an associated particle.
An experimental approximate value of R is found from a sample of NTRIG events,
with the trigger particle in a specified parameter range, and a sample of NMB

minimum bias events by integrating over suitable parameter regions for the associa-

ted particle, i.e.

dn
1 f TRIG
dydodp
R = Nipg / dydedpy T
1 dnyg

—— [ =——— dydodp,
Ng j[dyd¢de T

-1. (3

where the suffix 2 has been dropped. dnTRIG and anB represent the number of par-
ticles found in the element dy d¢ de at (y,¢,pT) in the triggered and the minimum
bias samples, respectively. Both integrations are performed over the same para-
meter regions, in which the particle densities and the acceptance do not vary too

much. Thus the formula simply reduces to

mean track density for high pp events

(4)

R+ 1= - — q .
mean track density for minimum bias events

This representation of the correlation function minimizes the effect of the
varying acceptance. It assumes that the acceptance of the SFM detector is the
same for the high Pr triggered events as for the minimum bias events, even though
the mean multiplicities of observed charged particles in the two cases are 10 and
7, respectively. The corrections to the acceptance due to the different structure

of the high Pr triggered events are expected to be small.

With this assumption about the acceptance we find the "true" (acceptance
corrected) associated particle densities, p, from R and the known [14—18] inclusive

single particle densities, pg:

p=(R+1) pg - (5)



DISTRIBUTIONS OF ASSOCIATED PARTICLES
IN RAPIDITY AND AZIMUTH

In order to obtain an over-all picture of the distribution of charged par-
ticles emitted in events with a high Pr trigger of any type at 6 = 90° we first
classify the particles as a low Py 8roup with Pr < 0.5 GeV/c and a high Py group
with Pr > 0.5 GeV/c, without restrictions on the precision of the momentum measure-
ment.

R(y,9) + 1 for the high Pp 8roup obtained with 3.0 < Prric < 4.5 GeV/c is
shown in fig. 4, using a cylindrical coordinate system where the coordinates are
R + 1, ¢, and the rapidity y.

The main features of fig. 4 are an increase in the value of the correlation
function in a small region in y and ¢ near the trigger particle and a much larger
increase on the AWAY side, mainly within |¢| < 45°, but extending in rapidity to

ly| = 3. The events. with high pp triggers are therefore to some degree coplanar.

A clearer picture of this coplanarity is seen when R + 1 is plotted as a func-
tion of |¢| for particles in the very central region |y| < 0.5, where the increases
are largest. This is shown in fig. 5, both for the low Pr and the high Py 8roup
and for two intervals of PrrIG? namely 0.5 < ppp . < 1.0 GeV/c and 3.0 < Prric <

< 4.5 GeV/c.
The main features of fig. 5 are:

i) The correlation function has generally much higher values for the high Pr

group than for the low Py group.

ii) There is a clear dependence on the trigger momentum, with higher values of

R for the higher Prrig’ eXcept for a small region around |¢| = 125°, where

R 2 0 for all four distributionms.

iii) The distribution for the high Py 8roup with the high value of PrRIG shows

two peaks, one at ¢ = 0° and one at |¢| = 180°, both with a half width at

half maximum of about 45°.
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One may, in particular, note that the value of the correlation function in-

creases with PrRIG also in the up-down regions around [¢| = 90°, with R = 0.5.

In fig. 6 the correlation function is shown as a function of y in three azi-
muthal regions, separately for the low Pr and the high Py group, and for two in-

tervals of the trigger momentum: 0.5 < Prric < 1.0 GeV/c and 3.0 < Prric < 4.5 GeV/c.

A strong increase of R with PrRIG is seen in a broad y-range on the AWAY side
(|¢] < 30°). The increase is strongest for the high Py group. On the TRIGGER
side (|¢| > 150°) a strong increase is seen only in the rapidity interval |y| < 0.5
and only for the high Py group. In all three azimuthal regions a negative corre-

lation is seen for large |y|, which also becomes more pronounced with increasing

PTRIG (see paper I).

QUANTUM-NUMBER DEPENDENCE OF THE
CORRELATION FUNCTION

We now turn to a discussion of how the correlation function depends on the
quantum numbers of the trigger particle and the associated particles. As described
above, the trigger particle is identified as m, K, or p, while for the associated
particles only the charge is determined. In this section we shall first discuss
charge effects by looking at the positive and negative charged particles associated

with n7 and 1 triggers, and then proceed to effects caused by changing the trigger

to K or p.

4,1 Charge correlations

Figures 7a and 7b show the y-dependence of R with n triggers, separately for
positive and negative associated particles. There are charge effects which are
particularly strong on the TRIGGER side for particles with P > 1 and |y| < 1.

We therefore select the region |y| < 1 and restrict ourselves to |¢| < 30° on the
AWAY side and |¢| > 150° on the TRIGGER side, where the momentum resolution of
the SFMD is sufficiently good to allow a more detailed study of the spectra in
terms of the associated particle momentum. Furthermore, when we make comparisons
between sets of data for which the SFMD acceptance is identical, we can compare

the observed particle densities directly, rather than compare the correlation

functions.



-8 -

Figures 8a and 8b show, as a function of PrRIG? the observed associated par-
ticle densities on the TRIGGER side and on the AWAY side. In each case the
associated particles are grouped into four Pr intervals, separated according to

their charge and trigger type (ﬂ+ or m ).
On the TRIGGER side (fig. 8a) the following effects are clearly seen:

i) There is a clear charge-compensating effect, in the sense that the density
. . . - + . . .
of negative particles associated with ™ triggers is always higher than that
associated with m triggers, and conversely for positive particles. This

effect becomes more pronounced as Py increases.

ii) The increase of density with PrRIG’ corresponding to the increase of R with
PTRIG discussed in Section 3, becomes more pronounced as Pp increases. For
pr < 0.5 GeV/c there is little increase with Prrig® 28 already indicated in
fig. 6. It follows directly that the Py spectrum of associated particles

around the trigger flattens as Prrig lncreases.
On the AWAY side (fig. 8b) the situation is quite different:

i) The charge compensating effect is smaller, and it does not change significantly
with Pre

ii) The increase in density with PrRIG is much stronger than on the TRIGGER side,
corresponding to the much larger values of R on the AWAY side, discussed in
Section 3. Again, the increase with PrRIG becomes stronger as Pr increases,

so that the AWAY side Py spectrum flattens for increasing PrrIG

The charge compensating effect is seen again in fig. 9, where the quantity

X - Ropp051te + 1
c Rsame +1

is shown for T triggers as a function of p_ for the interval |y| < 1. RrOPPOSite

sam . . . . . .
and R°*™® are the correlation functions for particles with the opposite and with

the same charge as the trigger particle, respectively.



-9 -

For all trigger momenta above 1 GeV/c a common dependence on Py is observed.
RC increases with increasing |px| on the TRIGGER side to Rc % 2 at p, = -2 GeV/c.
On the AWAY side (px > 0), Rc is approximately independent of Pys with the value
Rc % 1.15. A similar level of the charge-compensating correlation has been ob-
served between the trigger particle and the fast forward particles (see paper I).
The fact that Rc has a low value over the whole p range for 0 < PrRIC <1l GeV/c
probably just reflects the similar relationship between large PrrIC and low |px|,

and between low PrrIG and large |pX!.

In order to compare the strengths of the charge-compensating effects for T
and T triggers, we calculate the charge density dQ/dyd¢de as the difference
between the densities of positive and negative particles, corrected for acceptance
[Section 2.5, eq. (5)]. Integrating over Pp and the whole ¢ range we get dQ/dy,
which is shown in fig. 10 for m* and T triggers in the range 2.0-4.5 GeV/c. Also
shown is dQ/dy for the single particle inclusive spectrum. It is seen that the
charge of a m trigger is more strongly compensated within |y| < 3 than that of a
nt trigger. The total associated charge in this y-region for the two trigger types
is found to be Q(T ) = 1.88 * 0.09 and Q(ﬂ+) = 0.44 * 0.08, respectively, while

the charge in this region from the inclusive single particle distribution is

Q(incl) = 0.96.

4.2 Correlations with other quantum numbers
of the trigger particle

We now consider effects also involving other quantum numbers than charge.
Figures 1la, b and c show the average particle densities associated with ﬂi, Ki,'
p and p trigger particles as functions of PrRIG" The particle densities and the
charge correlations associated with different trigger types —-- and their increase

with Prrig ~~ @re in general similar, with two exceptions:

i) Events with a p or p trigger have about 107 more associated particles with

pp < 0.5 GeV/c on the TRIGGER side than events with other types of trigger

particles.
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ii) It is observed that K  and p triggered events with PIRIG > 3 GeV/c have a
low content on the AWAY side of negative particles with Pr > 1.5 GeV/c as

compared to ™ triggered events. The effect is not seen for PrRIG < 3 GeV/c.

To study this latter effect further, we show in fig. 12, on a linear scale,
the data points from fig. 1llc for pp > 1.5 GeV/c and 3.0 < Prric < 4.5 GeV/c.
This figure gives a valid basis for comparison of the number of particles with
the same charge associated with the different trigger particles, but the ratio be-
tween positive and negative associated particles for each trigger type may be in-
fluenced by small (< 107) acceptance effects. Nevertheless, the data indicate a
positive to negative ratio of about 1 for ﬂi, K" and p triggers, and about 2 for
K and p triggers. In order to minimize the effects of the varying acceptance
and of the general charge-charge correlations, K and p triggered events have been
normalized to the T triggered events, while the K" and p triggered events have
been normalized to the m triggered events. The results are shown in fig. 13.
We conclude that K and p triggers have a particularly low number of negative
associated particles in the considered kinematical region: relative to T triggers

the numbers are 0.55 * 0.10 and 0.56 * 0.16, respectively.

This observation may be connected with the fact that among the six types of
trigger particles K and p are distinguished by not having any valence quarks in
common with the incoming protons. This may force specific mechanisms to be domi-

nant at the quark level when a K or a p trigger is required.

The same effect is shown in fig. 14 in a few rapidity intervals., It is seen
that for K triggers the effect is strongest in the rapidity interval 0.5 < |y| <
< 1.0 (where the number of negative particles relative to that associated with m
triggers is 0.35 # 0.13), while for p triggers the effect is only significant in

the range |y| < 0.5 (where the corresponding ratio is found to be 0.32 % 0.17).

These AWAY side correlations to the type of the trigger particle are not
supported by the investigations in the recent FNAL experiment E 494 [19] at a c.m.s.

energy Vs = 27.5 GeV. However, that experiment is concerned with proton-beryllium
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collisions and the AWAY side kinematical region which is investigated is a narrow
cone around 90° to the collision axis in the proton-nucleon c.m.s., so it is not

clear at the present time whether there is a disagreement between the two experi-

ments.

ASSOCIATED MOMENTUM IN THE CENTRAL REGION

In this section we shall investigate in more detail the momentum spectrum
in the central region, especially for |y| < 1. We shall begin by examining the
correlation function as a function of P, of the associated particles, and then
consider the associated momentum on the TRIGGER side and the Xp distribution
) on the AWAY side. 1In the latter two cases we pay particular atten-

(xg = P, /Prrig

tion to acceptance corrections and unfold the momentum resolution as described

below.

5.1 Dependence of the correlation function on p
213

We have required Ap/p < 0.5. This cut implies (Section 2.4) that particles
with Pp > 0.5 GeV/c in the central up-down azimuthal regions are strongly suppressed,

but in the same way in the high Prric events and in the minimum bias events.

Figures 15a and b show the results obtained for R(px) for particles within
|y| < 1 associated with n triggers. Bearing in mind the charge effects discussed
in Section 4, we have classified the associated particles according to their charge
relative to that of the trigger particle. For bogh charge combinations the corre-
lation function has a minimum at P, ® -0.3 GeV/c. This is related to our earlier
observation that R(¢) has a minimum at |¢| = 125° (see Sections 3 and fig. 5). At
the minimum, the value of R is apparently independent of the trigger momentum. The
correlation on the TRIGGER side depends strongly on the charge of the associated

particle relative to that of the trigger particle.

Although the values of R become quite large at large ]pxl, the number of
additional particles in this region is in fact quite small. Figure 16 shows the
increase of the density of the associated charged particles in three rapidity in-

+ . . . .
tervals for T~ triggers when the trigger momentum is increased from
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0.5 < Prric © 1.0 GeV/c to 3.0 < Prric € 4.5 GeV/c. (Acceptance has been correc-
ted for as described in Section 2.5.) One notes that the vast majority of addi-
tional particles are at low |px|, particularly on the AWAY side. In the interval
|y| < 1, the particle density is seen to increase in two well-defined regions:

a weak increase on the TRIGGER side and a much stronger increase on the AWAY side,
separated by a small decrease in the region of small negative values of P, For
the larger |y| values this decrease becomes more pronounced, while the TRIGGER
side increase in the particle density disappears. This may be taken as an indica-
tion that the observed increase in the particle density near the trigger (for

|y| < 1) may have a complex composition of an increasing component (e.g. high Ipx|
particles following the trigger) and a decreasing one [e.g. a reduction in the
number of particles with small negative P> due to recoil against the trigger

(see also paper I)].

By integration 'of the spectra in fig. 16 we find the increase in the numbers
of associated charged particles per GeV/c increase of PrRIG" This is given in

table 2, together with the corresponding increase in the total associated P,

On the TRIGGER side we thus find that the positive correlation (which is
largely due to particles with charge opposite to the trigger charge) is confined
within |y| < 1. Summed over the whole |y| < 3 range the total increase in the

number of particles on the TRIGGER side is negative, and the increase in total

P, is almost zero.

On the AWAY side we find a positive increase both in the number of charged
particles and in the total associated Py for all |y| < 3. The fact that in this
y region we observe only about half of the additional associated Py required by
transverse momentum balance is presumably due to several factors, e.g. momentum

carried by unobserved neutral particles and a recoil of the fast forward particles

outside the region |y| < 3 (see paper I).

5.2 Corrections to the momentum spectra

The shape of the magnetic field in the SFM makes the momentum resolution in

the central region a strongly varying function of direction and momentum, as
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already discussed in Section 2.4 (exactly along the x-axis Ap is infinite!). This
feature of the SFM makes systematic studies involving varying regions of direction
and monentum quite difficult, especially when the momentum is high. The observed

spectra will be influenced by the poor momentum measurements in a way which depends

on the shape of the true spectra.

Selecting the regions of good pattern recognition efficiency |¢| < 25° and
|6 > 145°, with |y| <1 in both cases, we treat this problem as follows. At
sufficiently high momentum (p > 400 MeV/c) multiple scattering is unimportant and
the error in the momentum measurement is dominated by the error in a sagitta meas-
urement, leading to a momentum independent value of A(l/p) and a Gaussian distribu-
tion in 1/p around the true value. This allows us to perform an unfolding of the

measured momentum spectra, using an iterative procedure which is found to converge
very fast.

The method has been tested on minimum bias events, where the results can be
compared with previous measurements of the inclusive spectra [14-18]. It should
be noted that these spectra are steeper functions of Pp than the spectra associa-
ted with a large Pp trigger particle, and that the corrections are therefore lar-
ger. The method used on minimum bias data appears to be reliable up to at least
pp = 2.5 GeV/c in the region |y| < 1, and since the corrections do not change the
momentum spectra by more than 107 when the trigger momentum is large (pTRIG >

> 2 GeV/c), the main results in this section should be correct within 107, even

when p, is as large as 4 GeV/c.

A lower pattern recognition efficiency around the trigger track has been

corrected for by assuming a smooth variation of the track density near the trigger

track.

5.3 Associated momentum on the TRIGGER side

We now go on to investigate the mean value (pr) for the associated charged
particles in a specified y and ¢ region. In fig. 17 this quantity for the par-

ticles in the interval |y| <1, |¢| > 145° is shown as a function of PTRIG for
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+ + - . . p . .
m, K, p, and p triggers. The increase in momentum which follows the trigger

particle as the trigger momentum is increased is consistent with being linear,

with the slopes o indicated on the figure.

In general the values of o are fairly'small, with typical values of a few
per cent, reaching the highest value of about 5% for p triggers. The spectra do
not include neutrals, and the effects of using a limited region in y and ¢ are
not quite clear. If, however, acceptance corrections are applied in order to in-
clude the regions 90° < |¢| < 145° the values of o are changed very little. (This
reflects the observation in Section 3 that most of the increase in particle den-

sity associated with a large Pr trigger occurs in the region close to the trigger.

See also fig. 16.)

To get better statistics in the region where PrRIG is large (larger than
2.5 GeV/c) we also include the data described in Section 2.2, where only the cen-
tral region is acceésible ("absorber runs'"). To be sure that there are no syste-
matic problems in adding these two data samples together, some restrictive cuts
were made, |y| < 0.5, |¢] > 145° and |px] > 0.4 GeV/c, and the results from the
two sets of data were consistent. The combined result is shown in fig. 18, where
it is seen that in this region the spectra associated with the different trigger

particle types look more alike than in fig. 17.

It is an interesting question how much of the observed correlations can be
explained by the presence of resonances. This is a complicated question, and we
plan to return to it in a later publication. The resonances seen by combining
the trigger particle with other particles in the event, above a background con-
structed by combining trigger particles with particles from other events, corres-
pond to approximately 5% of the triggers (fig. 19). The background spectrum has
been normalized to the real spectrum in the regions 2.2 to 5.2 GeV/c? for m trig-
gers, 2.6 to 5.6 GeV/c? for K triggers, and 3.0 to 6.0 GeV/c? for p triggers. A
preliminary analysis indicates, for example, that p »> 71" can account for 20% of

* .
the slope o seen for T triggers.
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5.4 AWAY side
In order to study further the increase with PrrIG of the particle density

on the AWAY side, discussed in Section 3, we restrict the analysis to a region of

good acceptance by requiring |y| < 1 and |¢| < 25°.

The degree of coplanarity of the high Pr triggered events is illustrated in
fig. 20, where we have plotted the particle distribution as a function of |¢| for
two regions of Pr- One sees a marked deviation from an isotropic distribution

in ¢. Also, the ¢ distributions become steeper when Pr is increased.

Another measure of the coplanarity of the events is the steepness of the
particle distributions as a function of Pout® the momentum component perpendicular
to the plane defined by the incoming beam protons and the trigger particle (in
our case p_ . % |pz|). The Pout distributions shown in fig. 21 are severely limi-
ted by the cut |¢| < 25°, necessary due to acceptance. The lines on the figure
correspond to an isotropic ¢ distribution. Again, we see a clear deviation from
¢ isotropy.

It is interesting to see whether the AWAY side distribution scales in the

variable x_, = px/pTRIG’ as expected in some hard-scattering models. On fig. 22

E

the quantity (1/N, )(dn/de) is shown as a function of PrrIG for fixed intervals

TRIG
of Xps including only particles with Pout < 0.5 GeV/c. One sees a strong indica-

tion of scaling for PrRIC > 3 GeV/c.

To investigate whether the presence in these high Pr eyents of particles not
directly related to the high P process can explain the approach from above to a
scaling curve, we have calculated the contribution from such a.sodrce, assuming
that these 'background particles" behave as in minimum bias events. As seen on
the graph the subtraction of such a background diminishes the deviation from

scaling, although it does not change the results very much.

The Xp distribution has also been-investigated for the six different trigger

particle types, but no significant differences were found.
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In fig. 23a the Xg distribution is shown for PrRIG > 3 GeV/c in several inter-
vals of PrRIG The spectrum is approximately exponentially decreasing in Xp- In
order to compare the slope with that obtained in the study of e'e” collisions a

better variable to use would be

, P %
X © 3 B 3
[1 * E’a}PTRIG L+

where we have included the momentum of the particles which follow the trigger
particle (o is the slope parameter described in Section 5.3). The factor % is
used in order to include the momentum of unobserved neutral particles, and the
values for o are taken from fig. 24, where o is seen to vary as a function of Xp
approximately as o = 0.015 + 0.1 Xpe The resulting contribution is shown in

fig. 23b, where we have grouped the whole interval 3 < PrrIC < 6 GeV/c together.
The straight line on. the figure, which represents an exponential fit to our data,
has a slope of -9.0 * 0.2. The shape of this distribution is close to the shapes
observed for the corresponding distributions in other proton-proton experiments,
both at the ISR [1-3] and FNAL [4]. The distribution is also similar to, although
somewhat steeper than, the distributions found in e'e” collisions at SLAC [20] and

at DESY [21,22].

Finally, we note that there is a complicated interplay between the structure
on the TRIGGER side and on the AWAY side. Figure 24 shows, as an example, the
momentum following the trigger particle as a function of PrRIG for five different
intervals of the largest Xp found on the AWAY side. It is seen that the presence

of particles on the AWAY side and the magnitude of their momenta substantially

changes the value of the slope o of the accompanying momentum on the TRIGGER side.

JET-LIKE STRUCTURE

In this section, we investigate to what extent our results show evidence for

jet-like structures similar to those already observed in other experiments.
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The observed growth of tﬁe particle density over a broad range of rapidity
(]y] < 3) on the AWAY side whep PIRIG is increased (fig. 6) has already been dis-
cussed. In order to study further the structure of this broad distribution of
particles, we investigate the distribution in the rapidity difference Ay between
any two AWAY side high Pr particles observed in an event. The result is shown in
fig. 25 for pairs of particles with Pr > 0.8 GeV/c associated with triggers with
< 6.0 GeV/c. The particles were required to be within |¢| < 30° and

<
2:5 < Prprg
to have Ap/p < 0.5. The character of the results is not sensitive to the precise

values of the PrRIC and the P cuts.

We have also constructed a sample of particle pairs by combining one particle
from one event with one particle from another, subject to the same cuts as those
described above. The pairs formed by particles from the same event have a Ay dis-
tribution with a strong peak within Ay < 1, as compared to the corresponding dis-
tribution for the pairs formed by particles from different events, also shown on
fig. 25. The shapes of the two distributions are very similar for Ay > 1. It is
therefore natural to take the "mixed events distribution" as a representation of
a background to a correlation phenomenon, an "AWAY side jet". Figure 26 shows the
difference between the two Ay distributions, normalized to the same area for Ay > 1.
The correlation peak seen in the region of small Ay is the primary evidence for
an AWAY side jet in the present experiment., The peak has a half width at half
maximum of Ay = 0.5, and it is a factor of two larger for pairs of oppositely

charged particles than for pairs of particles with the same charge.

The cut |¢| < 30° is necessary due to the variation of the acceptance with ¢,
and with this rather limited ¢ region a study of the A distribution similar to
that of the Ay distribution discussed above cannot be done. The particles are
correlated in ¢ to the fixed direction of the trigger particle, with a distribution
which is fairly broad compared with the acceptance region (fig. 5). In order to
see a A correlation we need high statistical accuracy, and we have found it neces-
sary to include the "absorber data' at the cosﬁ of restricting the y region to

|y| < 1. Furthermore, we have chosen pairs of oppositely charged particles in the
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peak region Ay < 0.6 of Fig. 25. For these points the observed A¢ distribution
and the '"background" curve constructed from mixed events (normalized to the same
area) are shown in fig. 27. It is seen that although the "background" curve des-

cribes the A distribution to some extent, there is a difference in shape, as ex-

pected.

We conclude from these observations that in a few per cent of the events two
or more high Pp charged particles are observed close together in rapidity on the
AWAY side. The rapidity of this group of particles (considered as one system)

changes from event to event, with a broad distribution ranging over about *3 units.

Having seen indications of jet-like structures on the AWAY side, we shall
now proceed to study the q distribution for particles within such a "jet". q is
the momentum component transverse to the "jet axis", which is defined to be parallel
to the total momentum vector of the jet. Again, we restrict our study to the
simple case of pairé of charged high Pr particles, and regard the directiop of the
total momentum of the pair as an approximation to the direction of the jet axis

(a more comprehensive study of jet-like systems will appear in a forthcoming paper).

We consider pairs of AWAY side particles with Pr > 0.8 GeV/ec. 1If no other
selection criteria were applied, the q distribution would be strongly influenced
by the acceptance function and the pp cut. Therefore, we only accept particles
within |y| < 1 and |¢| < 30°, where the acceptance is reasonably uniform. The jet
system is then required to be very central: ijet| < 0.2 and I¢jetl < 10° (where

y and ¢jet are the rapidity and azimuth angle, respectively, for the pair of

jet
particles), and the plane of the two particles is required to be inclined less
than 30° with respect to the plane defined by the beams and the jet axis. Finally,

in order to avoid the bias introduced by the pp cut, we require each particle in

the pair to have a longitudinal momentum along the jet axis larger than 1 GeV/c.

With this set of selection criteria the q distribution is unbiased by the
acceptance for 0.1 < q < 0.8 GeV/c. The result is shown in fig. 28 for events

with Prric > 1 GeV/c. The figure also shows the estimated "Background" distribution
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again constructed from a "mixed events'" sample, applying the same cuts as described
above. The normalization of the "background" is determined from the observed rate
of particles with Pr > 0.8 GeV/c extrapolated to Prric = 0, with the assumption

that this "background" rate is independent of PrrIC

The q distribution after subtraction of the background is also shown on
fig. 28. Over the unbiased q range (q < 0.8 GeV/c) this distribution is well des-

cribed by an exponential:

1 ~Bq
. (6)

5le
]
>
o

with B = 2.5 * 0.7 (GeV/c)~!. This corresponds to an average value (q) = 0.80 + .
t 0.25 GeV/c. Particles of lower Pr have a much steeper q distribution relative
to the "jet axis'" defined by the pair of high Pr (pT > 0.8 GeV/c) particles, but
since estimates show that the low Pr region is dominated by particles from the
"background event', and since we have no simple way of distinguishing betweenv"jet
particles" and "background particles", we have not investigated the properties of

"jet particles" of low momenta.

Turning now to the TRIGGER.side, we have already noted (figs. 5 and 6) that
with increasing PrrIC there is an increasing probébility of finding associated
high Pr particles close to the trigger particle in rapidity and azimuth. The
total number of additional particles, as well as the additional momeﬁtum, is quite
small, 0.022 £ 0.007 particles and 31 * 4 MeV/c, respectively, per GéV/c increase

of PrRIG (table 2).

Using the events where a large Pr charged particle is observed close to the
trigger, we can obtain a relatively unbiased q distribution for particles in a
"TRIGGER side jet" in a similar way as for the "AWAY side jet". We choose events
with PrRIG > 2.5 GeV/c and require the associated particle to have Pp > 1 GeV/e
and |y| < 1. The plane defined by the trigger particle and the associated particle
is.again required to be inclined less than 30° with respect to the beam-trigger

plane. 1In this case the background is estimated by imposing a typical trigger
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spectrum with PrRIG > 2.5 GeV/c on a sample of minimum bias events, assuming that
"background particles' are similar to minimum bias particles in rate and distribu-
tion. The resulting q distributions are shown in fig. 29. Again, the subtracted
distribution is well described in the unbiased q range by the exponential given

in eq. (6). In this case we find B = 3.8 * 0.3 (GeV/c)~!, which corresponds to

an average value (q) = 0.52 * 0.05 GeV/c.

It should be noted that the kinematical configurations represented by these
pairs of particles are probably not typical for "jet particles", in particular in
that the longitudinal momentum along the "jet axis" is fairly large. The differ-
ence in the observed values of (q) on the TRIGGER side and on the AWAY side is

quite possibly due to the difference in the selection criteria for "jets" on the

two sides.

Another quantity of interest is the mean value of z, the fraction of the
"TRIGGER side jet" momentum carried by the trigger particle. If we assume that
(pr), the mean momentum following the trigger particle, is a linear function of
PIRIG with slope a (Section 5), we can write (z) = (1 + a)”'. The values for a
given on fig. 18 and in table 2 give (z) = 0.97. We emphasize that this result

does not include effects of the momentum carried by neutral particles, y and ¢

cuts, and, in particular, possible dependence of (z) on jet momentum.

The general observations in this section show that the charged particle dis-
tributions in high Pr triggered events are consistent with a picture [5-11], where
these events are basically originating from hard scattering processes between con-
stituents of the incoming protons, and where the TRIGGER side and the AWAY side
jets are the fragmentation products of the two scattered constituents, the TRIGGER
side jet being severely biased through the trigger requirement of one high Py par-
ticle [8,11]. With the rest system of the colliding constituents having predomi-
nantly longitudinal motion in the pp c.m.s., the two jets should tend to be co-

planar, but not collinear, in accordance with the observations.
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SUMMARY AND CONCLUSIONS

We have studied a sample of proton-proton collisions at Vs = 52.6 GeV, from

which a charged, identified hadron (the trigger particle) is emitted close to

90° to the beams in the c.m.s. with a transverse momentum in the range 0.5-4.5 GeV/c

+
(0.5-6.0 GeV/c for m triggers).

In the present paper we have presented results on the charged-particle dis-

tribution in the central region associated with the trigger particle.

The main results are:

i) The charged particles associated with a high P trigger particle are con-

ii)

iii)

iv)

centrated in the azimuthal regions close to the trigger plane, with a dis-

tribution having a half width at half maximum of ~ 45°,

There is a strong charge-compensating correlation between the trigger par-
ticle and the associated particles with |y| < 1 on the TRIGGER side. Outside
this region a charge-compensating correlation to the trigger is present at

a level of about 15%.

Apart from the above-mentioned charge effects, the distribution of the charged
particles is not very senmsitive to the type of the trigger particle. However,
at least 5% of the trigger particles are seen to come from resonances. For
K triggers with momentum above 3 GeV/c, the AWAY side region |y| < 1,

P > 1.5 GeV/c, contains only about half as many negative particles per

event as for other trigger particles, while the number of positive particles

is approximately the same. A similar, but statistically less significant,

effect is seen for p triggers.

There is a positive correlation between the trigger particle and the associa-
ted particles in almost all of phase space. The correlation is particularly
strong for associated particles on the AWAY side within the region |y| < 3,
|¢] < 45°, and within a smaller region |y| < 1, |¢| > 135° on the TRIGGER
side. The correlation increases strongly in both of these regions with in-

creasing momentum of the trigger particle, most for associated particles of

high Pr-
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Owing to the steep decrease of the inclusive cross-section with increasing
P> the increase in the associated particle density itself is largest for par-
ticles of low pp on the AWAY side and for particles with pp near 1 GeV/c on the
TRIGGER side. For each GeV/c increase of the trigger momentum, the total increase
in the number of associated charged particles per event in the y and ¢ regions
mentioned above is 0.8 particles on the AWAY side and 0.02 particles (predominantly
of charge opposite to that of the trigger particle) on the TRIGGER side. Similarly,

the increase of the charged particle momentum in the same regions is 0.5 GeV/c on

the AWAY side and 35 MeV/c on the TRIGGER side, per GeV/c increase of PrRIG"

v) The AWAY side particle distribution within |y| < 1 and Pout < 0.5 GeV/c as
a function of the parameter xg = px/pTRIG changes with the trigger momentum up to
> 0.3 it appears to be independent

~ 3 GeV/c. > 3 GeV/c and x

PrrIC For prpig E

of Prprg
vi) On the AWAY side there is a positive two-particle correlation between high
Pr associated particles with a width of about Ay = 0.5. Particles with
opposite charges are more strongly correlated than particles with the same
charge. Operationally defining a "jet" as a pair of high Pp (pT > 0.8 GeV/c)
particles we find that the rapidity of the AWAY side jet changes from event
to event with a distribution ranging over about *3 rapidity units. The dis-
tribution (1/q)/(dN/dq) for particles within such pairs (after some additional
cuts), where q is the momentum transverse to the jet axis (defined by the
direction of the total momentum vector of the pair), shows an exponentially
decreasing behaviour for small values of q. The average value (q) for this
exponential distribution is found to be 0.80 * 0.25 GeV/c for such AWAY side

jets and 0.52 * 0.05 GeV/c for TRIGGER side jets (pairs consisting of the

trigger particle and an associated high TRIGGER side particle).
P ] Pr

Current theoretical models for high Pr hadronic collisions are concerned with
the nature of the colliding constituents and of the objects emerging from the hard

scattering process. Several specific mechanisms are under discussion:
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qq > qq quark-quark scattering
Mq - Mq meson-quark scattering
qq >~ MM - quark-antiquark fusion
qg > qg quark-gluon scattering

gg > gg gluon-gluon scattering

Our observation that the trigger particle is usually unaccompanied by other
particles close to it in rapidity and azimuth is most easily reconciléd, within
this framework, with models which produce a meson in the final state, e.g. the
meson—-quark scattering (Constituent Interchange Model) [9] or the quark fusion
[8,11] mechanisms. The high ratio of positive to negative particles opposite a
K or p trigger also finds a natural explanation in these models. Thus our re-
sults seem to indicate important contributions from these mechanisms to high Pr
processes in the studied pp range. All the different basic processes enter how-

ever in a comprehensive theory like QCD, and this may well be in accordance with

the observations.
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Table 1

Trigger spectrum of the studied sample

T
: + - + - - + - =
PIRIG % T T K K ) P K/p|K /p
(GeV/c)§
0.5—1.0E {3023 1923 1993 | 1213 1406 | 2344 - -
1.0-2.0 13399 9150 4154 | 2765 6515 | 4540 - -
2.0-2.5 3749 3107 435 203 378 134 - -
2.5-3.0 4197 3531 1312 775 1189 389 - -
A 4495 4334 1658 | 1129 1479 539 - -
3.0-4.5 2569 2044 1019 558 601 177 26 13
A 3185 2862 1404 832 880 313 43 16
4.5-6.0 129 93 - - - - 61 18
A 152 127 - - - - 62 26
0.5-6.0 34951 | 27277 | 11984 | 7490 | 12451 | 8443 | 192 91
3.0-6.0 6035 5126 2423 | 1390 1481 490 | 192 91
Minimum Bias sample (elastic events removed): 23340

The letter A refers to the "absorber data" (see text)
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Table 2

The increase per event of the mean number of associated particles,
(n), and of the mean sum of their x-component of momentum, (pr),
per GeV/c increase in the mean trigger momentum. The asterisk in-
dicates values obtained when only associated particles of opposite
charge to that of the trigger particle were considered.

An) 3 Al(sz)l 3
% x 10 T x 10
(Prr1G) . (Prr1G)
(Gev/e) ™!
range TRIGGER AWAY TRIGGER AWAY
y g side side side side
ly| <1 -22 % 7 510 + 30 31 + 4 287 + 34
1< |y| <2 -29 + 18 250 + 20 -5 £ 4 160 + 10
2 < |y| <3 -69 + 15 80 + 20 | -23 +4 56 + 10
ly| < 3 -76 + 20 840 + 40 3 +7 503 + 37
ly| < 1* 26t 4 | 260+ 20 28 + 4 | 143 21
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Figure captions

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

Schematic plan view of the apparatus. The beams intersect in the
vacuum chamber inside the Split Field Magnet (SFM). In the Wide
Angle Spectrometer (WAS) BM is a bending magnet, SC1-SC5 are spark
chambers, 1H-4H and 2V-4V are horizontal and vertical scintillator
hodoscopes, respectively, and Cl-C2 are gas Cerenkov counters. The

coordinate system used is also shownm.

Curves representing the average momentum resolution (Ap/p) for SFMD
tracks, as a function of the measured value of the momentum for
particles in various regions of c.m.s. rapidity and in the azimuth
intervals 60° < |¢| < 120° (dashed line) and |¢| < 30° or |¢| > 150°

(full line).

Acceptance functions for charged particles with Pr < 0.5 GeV/c (full

1ine)‘and Py > 0.5 GeV/c (dashed line), when Ap/p < 0.5 is required.

The average distribution of charged particles with Pr < 0.5 GeV/c

in high pp events ({pTRIG) = 3.4 GeV/c) relative to the distribution
observed in minimum bias events. The ratio R + 1 is shown as a
function of y and ¢ in cylindrical coordinates. The coordinate

system (R + 1, ¢, y) is indicated in the insert.

R + 1 as a function of ¢ in the rapidity range |y| < 0.5 for two

intervals of PIRIG and for a) pp < 0.5 GeV/c, b) Py > 0.5 GeV/c.

The rapidity dependence of R + 1 in the three azimuthal regions:

the TRIGGER side, |¢| > 150°; the up-down regions, 60° < |¢| < 120°;
and the AWAY side, |¢| < 30° for a) charged particles with Py <

< 0.5 GeV/c and b) charged particles with Pr > 0.5 GeV/e. In both

cases R(y) + 1 is given for two intervals of PrrIG

a) The correlation function R + 1 for mt trigger particles and
associated charged particles with [¢]| > 15_0° on the TRIGGER side,
as a function of rapidity and charge of the associated particle

for two regions of Pr and four intervals of PrRIG"
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b) As (a), but for associated charged particles within o] < 30°

on the AWAY side.

Fig. 8 : " a) The average number of observed charged particles per event on
the TRIGGER side within |y| < 1, |¢| > 150° associated with nt
and T trigger particles, shown as a function of PrRIG for
different values of Py (in GeV/c).

b) As (é), but for associated charged particles on the AWAY side

within |¢| < 30°.

+
Fig. 9 : The correlation between the charge of the trigger particle (77) and
the charge of the associated charged particles within ly| <1, as
measured by the ratio

Ropp031te charge + 1

R =

c ame char
s g 41

R

as a function of P, for four intervals of PrrIG"

Fig. 10 : The average charge per unit of rapidity of particles associated with
T and T trigger particles, respectively. The corresponding quan-

tity for the inclusive spectrum is also indicated.

Fig. 11 : The average number of observed associate& particles per event on
the TRIGGER side within |y| < 1, |¢]| > 1509, with the six different
types of trigger particles, as functions of PrrIC and Pr (in GeV/c).
The number of associated particles with a) the same charge as that
of the trigger particle and b) the opposite charge are shown separ-
ately; c) The average number of observed associated particles per
event on the AWAY side within |y| < 1, |¢| < 30°, with the six
different types of trigger particles, as functions of PrRIC and
Pr (in GevV/c).

Fig. 12 : The average number of observed positive and negative particles with
Pr > 1.5 GeV/c on the AWAY side within |y| < 1, associated with the

six different types of trigger particles with 3.0 < PrrIG < 4,5 GeV/ev
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Fig. 13 ¢ The observed densities of AWAY side positive and negative particles
with pp > 1.5 GeV/c and |y| < 1 associated with K and p triggers
relative to the observed densities associated with 7 triggers, and
‘the corresponding densities associated with K= and p triggers rela-
tive to the densities associated with 7 triggers for 3.0 < PrRIG <

< 4.5 GeV/e.

Fig. 14 : The densities of positive and negative AWAY side particles with
Py > 1.5 GeV/c within |¢| < 30° associated with K and p triggers,
relative to the corresponding densities associated with m triggers

as functions of rapidity for 3.0 < Prric < 4.5 GevV/e.

Fig. 15 : The correlation function R as a function of P, and PIRIG for par-
+
ticles within |y| < 1 associated with T trigger particles, separately
for associated particles with a) the opposite charge of that of the

trigger particle and b) the same charge.

+

Fig. 16 : The increase in the density of charged particles associated with 7~

trigger particles when the trigger momentum is increased from

< = <

0.5 < PrRIG 1.0 GeV/c ((pTRIG) 0.8 GeV/c) to 3.0 Prric < 4.5 GeV/c

((pTRIG)'= 3.4 GeV/c). The particle density increase is shown as

a function of Py for three different intervals of |y]|.
Fig. 17 : The mean value per event of the sum of the momentum component 18

of associated particles within |y| < 1 and |¢| > 145° (TRIGGER side)

+  _+ -
as a function of the trigger momentum for 7, K, p and p triggers.

The slopes o = d<lsz|)/deRIG obtained by linear least squares fits
are indicated.

Fig. 18 : As fig. 17, but for |y| < 0.5 and with the additional requirement
that p > 0.4 GeV/c. Here the "absorber run" sample described in

the text is included.
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Fig. 19 : The two-particle mass distributions of the systems of a trigger
particle combined with other particles observed in the SFMD and
assumed to be pions. A background spectrum, constructed as des-

cribed in the text, has been subtracted.

Fig. 20 : The ¢ distribution of charged particles on the AWAY side fér ly| <1
in two intervals of Pp when PrrIG > 2.5 GeV/c, compared with the
minimum Biés level multiplied by the indicated factors. The lines
represent Gaussian fits to the data points with G¢ = 30? for

0.5 < py, < 1.0 GeV/c and 0, = 26° for Py > 1.0 GeV/e.

¢

Fig. 21 : The distribution of p (1/NTRIG)(dn/dpout) in intervals of Py

out’
for particles with |y| < 1 and for PrrIC > 2.5 GeV/c. The histogram
lines correspond to the distribution one would obtain if the AWAY

side P distribution for |¢| < 25° were independent of ¢.

Fig. 22 : The value of (I/NTRIG)(dn/de) in intervals of Xp for particles on
the AWAY side with |y| < 1 and Poye < 0.5 GeV/c, as a function of
PTRIG" The crosses represent the result after subtracting a back-
ground estimate as described in the text.

Fig. 23 : a) (1/NTRIG)(dn/de) for AWAY side particles with |y| < 1 and

P < 0.5 GeV/c as a function of Xp in four intervals of the
out

trigger momentum (indicated in GeV/c on the figure).

b) The distribution (I/NTRIG)(dn/dxé) (see text for the definition
of xé) for AWAY side particles with |y| < 1 and Pout < 0.5 GeV/c
when 3.0 < PrRIG < 6.0 GeV/c. The line represents an exponential

fit to the points, giving a slope of -9.0 * 0.2,

Fig. 24 ¢ The mean value per event of the sum of the momentum component Py of
associated particles with p, > 0.4 GeV/c within |yl < 0.5 and
|¢| > 145° (TRIGGER side) as a function of PrRIG for m triggers.
The events have been divided into four groups according to the value

of the largest x_, observed within |y| < 1, |6] < 25° on the AWAY

E






Fig. 29
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The distribution (1/NTRIG)(1/q)(dn/dq) on the TRIGGER side for pairs

of particles of which one is a trigger particle with PrrIG > 2.5 GeV/e

- and the other a charged particle with Pr > 1 GeV/e, |¢| > 145°, and

|y|] < 1. The background has been estimated as described in the

text, and the difference between the real spectrum and the estimated

background is also shown.



Fig. 25

Fig. 26

Fig. 27

Fig. 28
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side, and one group for the events where no charged particles were
observed in this region on the AWAY side. The slope a is indicated
on the figure for each group. The data from the "absorber runs"

have been included.

The distribution of the difference in rapidity (Ay = |y, - yp|) for
pairs of particles on the AWAY side with Pp > 0.8 GeV/c and

|| < 30°, when 2.5 < Prrig < 6-0 GeV/c. The distribution is shown
separately for neutral and doubly charged pairs. The histograms
represent the uncorrelated distributions, obtained as described in

the text.

As fig. 25, with the uncorrelated distributions normalized for

Ay > 1 and subtracted as background.

The distribution of the difference in ¢ for pairs of oppositely
charged particles on the AWAY side with Py > 0.8 GeV/c and

|¢] < 30° for 2.5 < Prric € 6.0 GeV/c. These pairs are selected
such that Ay is in the peak region of fig. 25 (Ay < 0.6). The
curve represents the uncorrelated background constructed from mixed

events and normalized to the same area as the real distribution.

The distribution (1/NTRIG)(1/q)(dn/dq) for pairs of particles on
the AWAY side with p; > 0.8, |y| < 1 and || < 30°, when

PrRIG > 1 GeV/c. Additional cuts, described in the text, have
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