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ABSTRACT 

We study the production of identified charged particles in pp colli

sions at a c.m. energy of 63 GeV in events with an identified high-pT 

trigger particle. The measurements were performed at the CERN Intersecting 

Storage Rings using the Axial Field Spectrometer. 

Production ratios are presented as a function of pT in the range 

2.5 to 8 GeV/c. 

The charge compensation in the hemisphere containing the high-pT 

trigger particle depends strongly on the identity of the trigger particle, 

and on that of the associated particles. 

The positive to negative ratio of away-side particles depends on the 

trigger particle identity, but in all cases it rises with the pT of these 

particles. 

A comparison with the predictions of the Lund model shows that this 

model can account for all the qualitative trends of the data. However, the 

particle ratios as a function of pT and the production of protons and 

antiprotons are not well reproduced. The data on correlations with protons 

suggest a more elaborate mechanism for baryon production. 
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1. INTRODUCTION 

We report on measurements of identified charged particles produced in 

pp collisions at a c.m. energy of 63 GeV with an identified charged par-

ticle at high pT emitted in the central region. 

The composition of charged particles up to pT ~ 8 GeV/c is measured. 

Previous data on identified particles at this collision energy are limited 

to pT < 2.5 GeV/c (British-Scandinavian (BS) Collaboration [1]) or cover more 

forward angles (Ames-Bologna-CERN-Dortmund-Heidelberg-Warsaw (ABCDHW) and 

CERN-Dortmund-Heidelberg-Warsaw (CDHW) Collaborations [2]). 

Charge correlations between an identified high-pT particle and 

associated identified charged partic~es are also studied. Such data are 

sensitive to detailed questions of quantum number correlations in jet 

fragmentation. Similar measurements have been reported by the BFS Colla-

boration [3] and the CDHW collaboration [4]. However the associated 
• 

particles were not identified in either of these previous studies. In 

particular our results are compared with the Lund model [5], where the 

parton-parton interactions are calculated in lowest-order perturbative 

QCD. In this model the fragmentation of the colour strings has been tuned 

to describe particle production in e•e- interactions. 

In hadronic collisions the requirement of a high-pT particle is 

expected to select parton-parton interactions. The quantum numbers of 

the primary parton are likely to be found in the leading high-pT particle. 

The charge of this particle is normally compensated locally as a result of 

quark-antiquark pair creation, and therefore short-range correlations 

which depend on the nature of the trigger particle can be expected. 

Furthermore, as the proton contains one d and two u valence quarks, 

a scattered valence quark is more often a u quark, implying more leading 
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positives than negatives both on the trigger side and on the away side. 

In pp collisions, long-range charge correlations can arise from the uud 

valence quark content of the proton, and from the two-gluon annihilation 

process gg ~ qq. The Lund model predicts that this latter process will 

contribute less than 1\ in our case. (More subtle long-range correlations 

can arise in special kinematic configurations as studied by the CDHW 

group [4].) 

This paper is organized as follows. Section 2 describes the apparatus 

and data analysis. In Section 3 the inclusive particle production is 

studied in terms of ratios between identified particles. Section 4 des

cribes our investigation of the charge compensation versus rapidity along 

the jet axis, given essentially by the trigger particle. In Section 5 

we study the associated production of protons and antiprotons, and in 

Section 6 the various aspects of away-side correlations with the trigger 

particle. 

2. APPARATUS AND PATA ANALYSIS 

This experiment was performed at the CERN Intersecting Storage Rings 

(ISR) using the Axial Field Spectrometer (AFS) in its Cherenkov arm con

figuration, as shown in Fig. 1 in a view transverse to the colliding beams. 

The apparatus and its performance are described in detail elsewhere [6). 

Here we mention briefly only those components of the apparatus which were 

used in the present investigation. 

The central cylindrical drift chamber is 1.4 m long and extends 

radially from 0.2 to 0.8 m. It is segmented azimuthally in 4• sectors, 

each with 42 sense wires. It provides full 2w coverage in azimuth except 

for two 16. wedges above and below the interaction region. It is situated 



in an axially symmetric magnetic field of 0.5 T. Position coordinates in 

the plane transverse to the sense wires are determined by drift time with 

a resolution of 230 ~m. The position along the wires, parallel to the 

beams, is found from the pulse heights measured at the two ends of the 

wires. The corresponding resolution is ~1.5 em. The over-all momentum 

resolution is dp/p ~ /[(0.025 p) 2 + (0.01) 2
] (pin GeV/c), where the 

first term comes from measurement errors, and the second term from mul-

tiple scattering in the chamber. The pulse-height measurements also pro-
~ 

vide dE/dx information used for particle identification. This gives pion 

identification in the momentum range 0.2 to 0.5 GeV/c, kaon identification 

in the momentum range 0.3 to 0.7 GeV/c, and proton identification in the 

momentum range 0.4 to 1.1 GeV/c. 

Three sets of threshold Cherenkov counters subtend an azimuthal angle 

of 45" and 45" < 6 < 135" in polar angle. The Cherenkov counter closest to 

the drift chamber -- the aerogel Cherenkov counter -- consists of 88 cells 

arranged in 4 layers in depth. The cells are read out using wavelength-

shifter bars. The average number of detected photoelectrons per cell from 

a P ~ 1 particle is only 0.3 as determined from data. For the full 88-cell 

counter the probability for a track to give at least one photoelectron is 

around 60%. On the other hand, 20% of the tracks with momentum below the 

pion threshold (0.5 GeV/c) have associated noise in the counter (fig. 2). 

In this study the aerogel counter is used to identify pions in the momen-

tum range 0.5 to 2.0 GeV/c. 

The second Cherenkov counter, containing Freon-12 at 4 atm, is sub-

divided into 12 optical cells. The average number of photoelectrons 

produced by a p ~ 1 particle is 20. The performance of the detector is 

illustrated in fig. 3. It allows pion/heavy particle separation for 

3 
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1.5 < plab < 5.3 GeV/c. After appropriate cuts the identified heavy

particle sample is quite clean, whereas the pion sample has a contami

nation from heavier particles of ~1.5\, mainly due to overlapping 

1-conversions from w0 decays. 

The third Cherenkov counter contains Freon-12 at atmospheric 

pressure, and comprises 18 optical cells. The average number of photo

electrons for a p ~ 1 particle is ~10, giving a good separation of dif

ferent particle identities, (fig. 4.) Together with the high-pressure 

counter, it provides pion, kaon, and proton separation for Plab > 5.5 GeV/c. 

Copper calorimeters placed behind the atmospheric pressure counters 

cover 14\ of the solid angle of these counters. These calorimeters were 

installed to provide a cross-check of the momentum measurement at 

Plab > 8 GeV/c, and were used in the trigger for part of the data sample. 

Two sets of multiwire proportional chambers (MWPCs) placed between 

the Cherenkov counters cover the same solid angle as these counters. 

Interactions resulting in the production of a high-pT charged par

ticle within the solid angle of the Cherenkov counters were selected using 

a three-level trigger. The first level uses the scintillator hodoscope, 

which surrounds the beam pipe, together with groups of wires in the MWPCs 

to require pT > 0.8 GeV/c. The second level uses hits from individual 

wires of the MWPCs. The third level uses a microprocessor, ESOP, which 

finds track candidates from a set of the drift chamber signals selected by 

the lower level triggers, and estimates track momentum from the curvature 

in the magnetic field. The trigger threshold for these data was set to 

pT ~ 5 GeV/c. The experiment relies heavily on ESOP to reduce background 

from false pretriggers, and the sensitivity is increased by a factor of 

between 200 and 750 compared with the second-level trigger. Details have 

been given elsewhere [7]. 



The events were first processed throuqh the AFS drift chamber recon

struction and fittinq proqrams [8). Events were accepted if they contained 

a reconstructed primary vertex, a condition fulfilled by 99\ of the 

events. Cuts were imposed on the tracks to ensure that they belonqed to 

the event and that their momenta were reasonably well determined. All 

tracks were transformed to the centre-of-mass system, usinq the pion mass 

if the particle was not identified as a kaon or proton. Cuts on associated 

particles restricted them to be within ±0.8 in rapidity and in the ranqe 

0.2 < pT < 5 GeV/c. Data were collected with both polarities of the maq

netic field, and for associated particles the acceptance is checked to be 

charqe independent. Tracks within the acceptance of the Cherenkov counters 

were refitted usinq both drift chamber information and the reconstructed 

space points in the MWPCs. This procedure served to reject false hiqh-pT 

tracks, to reject particles interactinq in the material of the Cherenkov 

counters, and to improve the momentum resolution to 6p/p ~ 10\ at 

p = 10 GeV/c. 

The final data sample contains 75,500 events, out of which 52,750 

have a triqqer particle identified as wand 22,750 as a heavy particle. 

The pT of the triqqer particle was required to be larqer than 3 GeV/c, 

resultinq in a mean pT of 4.1 GeV/c. For plab above 5.3 GeV/c, 3000 heavy 

triqqers are separated into kaons and protons. 

3. PARTICLE COMPOSITION 

5 

The fractional composition of the particle flux is shown in fiq. 5a 

for positive particles and in fiq. 5b for neqative particles. Below 5 GeV/c 

only pions are identified. The data are averaqed over the c.m.s. polar 

anqle interval from 45" to 135" with <9> = 90" and <19-90"1> ~ 20". We 
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have not observed a significant variation with 9. For comparison we also 

show the particle composition at <9> ~ 50' derived from the invariant 

cross-sections measured by the CDHW Collaboration [2], and an extrapolation 

of the fit of the data at lower p 's from the BS Collaboration (table 4 in T . 

ref. 1). 

our data have been corrected for contamination of the pion sample by 

heavier particles (a correction of 1.5\ for pT < 5 GeV/c), for nuclear 

absorption and particle decays (corrections of 0.5-3\), and for a slightly 

worse acceptance for protons than for pions and kaons at PT > 5 GeV/c 

(corrections about 1\). The errors shown in fig. 5 are statistical only. 

The systematic errors are estimated to be smaller than the statistical 

errors. 

For positively charged particles we find the same fraction of w• as 

that found by the CDHW Collaboration over the whole pT range, and 
+ -similar fractions of K and p. However, for the fraction of w we do not 

observe the rise found by the CDHW Collaboration at <8> ~ 50' for 

pT > 5 GeV/c; we find a significantly larger fraction of antiprotons. 

In order to compare positive and negative particle production, we 

need to know the relative trigger acceptance, which is very sensitive to 

systematic effects. It was calculated using a Monte Carlo program, taking 

into account the position and shape of the interaction region (the 

diamond), and the geometry of the inner hodoscopes and of the groups of 

proportional-chamber wires which enter into the first two levels of the 

trigger system. Furthermore, multiple scattering, relative positions of 

the drift chamber and the proportional chambers, and the effects of 

spatial resolution in the chambers were taken into account. Finally, the 

effect of the on-line microprocessor trigger condition was included in the 

program. 



The event sample used was obtained under rather different conditions 

in terms of these parameters. The fact that the +/- ratios, calculated 

from different runs, were found to be consistent after corrections pro

vided a good check of the acceptance calculations. The residual error from 

run-to-run systematics is estimated to be around 8\. 

Figure 6 shows the +/- ratio versus pT after correction for these 

trigger acceptance effects. This ratio is increasing in the interval 

4 < pT < 8 GeV/c, as expected from a simple quark-parton model in which 

scattered valence quarks are expected to contribute to a larger par of the 

cross-section at large pT. 

7 

From the +/- ratio and the particle ratios discussed above, it is 

possible to calculate the fractional composition of all charged particles 

versus pT. This is shown in fig. 7 for the interval 5-8 GeV/c. Our measure

ments are also given in table 1. 

The predictions of the Lund model, with the choice of parameters 

given in ref. 5, are shown as hatched areas in figs. 6 and 7. The data are 

not very well described by the model. In fig. 6 we see that the model pre

dicts a substantially larger +/- ratio for pT < 7 GeV/c than that observed 

in the data. The trigger bias effect, i.e. the tendency to select events 

where one particle takes most of the parton momentum, makes our data quite 

sensitive to the detailed behaviour of the fragmentation near z = 1. For 

example we find that increasing the width of the jets in the model results 

in a significant decrease of the +/- ratio. On the other hand, a change in 

the mixture of quarks and gluons in the model will also effect the relative 

frequencies of different particles. 

Figure 7 shows that the fraction of proton and antiproton production 

is larger in the model than in our measurements. A basic assumption in the 
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model is that a diquark-antidiquark pair can be produced in a colour force 

field in a way that is similar to the production of a quark-antiquark 

pair [9]. The ratio (0.075) of diquark-antidiquark pair creation to 

quark-antiquark pair creation is adjusted to reproduce the baryon pro-

duction in e•e- annihilations. 

4. CHARGE CQMPENSATION VERSUS RAPIDITY ALONG THE TRIGGER-JET AXIS 

We will now investigate how the charge of a high-pT particle in .the 

trigger-side jet is compensated in different regions of phase space. A 

similar study has been performed by the CDHW Collaboration at the CERN 

ISR [4]. Our approach follows that given by the TASSO [10] and PLUTO [11] 

Collaborations at PETRA. 

We will study the charge compensation as a function of rapidity along 

an axis given by the direction of the trigger-side jet. This axis is found 

by a jet algorithm [12] using the charged particles with pT > 0.3 GeV/c, 

and is given, within a few degrees, by the trigger particle direction. As 

in ref. 11, we define an asymmetry A(y,y') = 2P(y,y') - 1, where P(y,y') 

is the probability that two particles, located at rapidities y and y' 

along the jet axis, have opposite charges. For no charge compensation P is 

equal to 0.5 and A is zero. We will study the quantity 

!(y) 
5 5 = f A(y,y').p(y,y')dy'/f p(y,y')dy' 

2 2 

which is obtained by weighting the asymmetry A(y,y') with the two-particle 

density p(y,y') and averaging over all 'fast' particles, i.e. particles in 

the rapidity interval 2 < y' < 5. An equivalent expression of the function 

A(y) is 



A(y) =Is (g(y,y'lopp.charge- g(y,y'lsame charge]dy'/J: g(y,y')dy' · 

Thus A(y), which is bounded between -1 and +1, measures the strength of 

the average charge compensation between a pair of particles, one of which 

(the fast one) has rapidity 2 < y' < 5, and the other (the associated one) 

has rapidity y. It is clear from the definition of A(y) that acceptance 

effects are divided out. 

Figure 8 displays the single-particle density of the associated par

ticles and the trigger particles as a function of rapidity on the jet 

axis. We see that the region 2 to 5 in rapidity selects mainly the trigger 

track. The accumulation at a rapidity of around 4 corresponds to pion 

triggers which define the jet-axis by themselves. The depletion around 0 

in rapidity is due to the lower cut at 0.3 GeV/c in pT of the associated 

particles which was used to limit the influence of beam jets. 

4.1 Particles identified as pions and as heavies 

Fig. 9a shows the charge compensation as a function of rapidity along 

the jet axis for negative and positive fast particles separately, dis

regarding their identity. There is a strong short-range correlation, which 

is more pronounced for negative fast particles, and a much weaker long

range correlation, which also depends on the charge of the fast particle. 

If we now require the associated particle to be a pion, the charge 

compensation has similar strength for both charges of the fast particle, 

as shown in fig. 9b. However, a clear difference in charge compensation is 

seen when the associated particle is a heavy particle (h) (fig. 9c). 

In fig. 10 we require that both the fast particle and the associated 

particle should be identified as w or heavy. We notice the following 

effects: fast w• particles show much less short-range charge compensation 

9 
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by h particles than do fast w particles; fast h- particles have stronger 

charge compensation by other h particles than do fast h+ particles; 

whereas the compensation of the charge of a heavy particle by pions is 

equally strong for the two charges. 

Short-range effects can be understood in a naive model of quark frag-

mentation. First we discuss fast-w charge compensation by h particles, the 

majority of which are kaons. A fast w• often contains a valence u quark 

from the proton and a d quark from a dd pair creation. The remaining 

d quark cannot form a K- , thus suppressing a short-range compensation of 

the leading w• by charged kaons. On the other hand, a fast w (du) 
+ -can get a K (us) as a close partner, giving rise to a short-range effect. 

Short-range effects from resonance production should be charge symmetric 

for the w,K case. 

A possible explanation for the charge compensation being stronger for 

h-h (most of them are leading K-) than for h+h (most of them are leading 

K+) is as follows. The K•(us) can be formed from a scattered valence 

u quark from the proton. Certainly there must be an associated s quark, 
- =I) but this s quark can materialize as a K ,K , or even as a strange baryon. 

on the other hand, K-(us) contains no valence quark in common with the 

proton, and so we have both an associated u quark and an associated 

s quark, strongly favouring the production of an associated K+. However, 

the whole effect could also be explained by a general surplus of protons 

over antiprotons. 
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4.2 Fast heavy particles separated into kaons and protons 

With more limited statistics we can separate the heavy particles 

into identified kaons and protons. For the associated particles, identi-

fication by drift chamber dE/dx extends only to momenta of ~1 GeV/c. There 

is therefore a large rapidity gap between the fast particles and iden-

tified kaons and protons, preventing a study of short-range effects in 

this case. In fig. 11 we show the charge compensation by pions, kaons, 

and protons for a pion, kaon, and proton fast particle. The kaon effect 

discussed in subsection 4.1 is compatible with the data but is not 

statistically significant. 

We find that the charge compensation difference between positive and 

negative triggers for different species of associated particles comes 

mainly from a strong effect,for associated protons. The effect is clearly 

established for fast pions and kaons, and shows no dependence on rapidity, 

++ which excludes a pure resonance effect (6 }. A simple interpretation is 

that there is a general surplus of protons compared with antiprotons 

uncorrelated with the trigger particle, as we will see below. 

The Lund model predictions for these effects are shown as lines in 

figs. 9-11. We see that the model reproduces the main features of the 

data. Given the somewhat different composition of particles as seen in 

figs. 6 and 7, we cannot expect a detailed agreement for figs. 9 and 10. 

5. CORRELATIONS BETWEEN PROTONS AND ANTIPROTONS 

5.1 Associated protons and antiprotons at low pT 

The inclusive proton and antiproton production at high pT was 

found not to be very well reproduced by the Lund model (see Section 3}. 
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The underlying assumption for baryon production through diquark

antidiquark string-breaking can be more directly tested by studying the 

correlations between protons and antiprotons. No such identified pairs 

are, however, available in the Cherenkov arm, but at lower momentum the 

dE/dx measurement in the drift chamber permits a large sample of protons 

and antiprotons to be identified. It is possible to define an interval in 

pT where the pp acceptance is uniform in the centre of mass, 0.55 < PT < 

0.9 GeV/c, and we can study how protons and antiprotons in this PT range 

range are correlated to the trigger particle, which is required to have a 

pT larger than 3 GeV/c. We will study the distribution in ~~. the differ

ence in azimuthal angle between the trigger particle and the associated 

particle. Tracks are lost in the 16' wedges up and down in the drift 

chamber, but we can correct for these losses since the distribution of the 

trigger tracks in azimuth is wider than the size of the holes. We also 

correct for a loss of associated tracks within 6' of the trigger particle 

due to a limited resolution for close tracks in the drift chamber. 

In fig. 12a we show the acceptance-corrected distribution in~~ be

tween an h+ trigger and associated antiprotons and between a w• trigger 

and antiprotons. The ~~ distribution is normalized by the number of 

triggers. The latter distribution gives the general charge correlation 

behaviour without any contribution from trigger protons. We find that 

most of the h+p correlation exhibits the same behaviour except for a very 

small enhancement near the trigger particle(~~~ 0). This weak effect is 

probably due to proton-antiproton pairs. Figure 12b shows the corresponding 

case for h- triggers with associated protons and for .- triggers with 

protons. The correlations of associated protons and antiprotons with the 

trigger particle are very similar. 



The Lund model predictions are shown in fig. 12 as a full line for 

v trigger cases, and as a dashed line for antiprotons associated with an 

h+ trigger (fig. 12a) and for protons associated with an h trigger 

(fig. 12b). We see that the antiproton-proton correlation in~~ is very 

weak in the data -- in fact it is hardly seen -- in contrast with the 

large effects anticipated in the Lund model. Even if we reduce the proton 

(antiproton) part of the h+ (-) trigger in the model, as suggested from 

the results shown in fig. 7, it still predicts too strong correlations. 

In table 2 we give the proton and antiproton production rate per 

trigger, corrected for acceptance losses, for the different triggers 

types. The protons/antiprotons are summed over the full range in~. 

0.55 < pT < 0.9 GeV/c, and -0.44 < y < 0.44. The errors shown are stat

istical only; the systematic errors between the different trigger types 

13 

are negligible. The over-all acceptance for identified protons and anti

protons in this part of phase space has been estimated to be 76\ (cor

rected for in the table 2) with a systematic error of 15\. This estimate 

was obtained from a comparison of the inclusive proton and antiproton 

spectra, measured in minimum bias data, with published cross-sections [13]. 

The p and p triggered data are a subsample of the h+ and h- triggered 

data and have a trigger particle with mean pT of 5.5 GeV/c, whereas the 

v,h triggers have a mean PT of 4.1 GeV/c. 

Table 2 shows that the production of low-momentum (p T~ 0.7 GeV/c) 

protons and antiprotons is roughly independent of the identity of the 

trigger particle, except for a small charge effect and a somewhat larger 

p,p correlation. The sizeable correlation in rate does not, however, give 

rise to any clear angular correlation, as discussed above. The Lund model 

gives too few associated protons and antiprotons except for the 

p(trigger)p(associated) and p(trigger)p(associated) cases. 
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5.2 Associated heavy particles at high PT 

In another paper [14], where we discuss a data sample taken with a 

calorimeter trigger selecting antiprotons with a mean PT of ~1 GeV/c, we 

have reported a tendency for the baryon number to be conserved within the 

trigger hemisphere. The ratio of the associated p/w• on the same side as 

the trigger was found to be 0.213 ± 0.005, whereas on the away side it 

was only 0.141 ± 0.003. With the higher pT of the trigger in the present 

sample, the same ratio, in the same apparatus, for the p (b-) trigger par-

ticle is only 0.114 ± 0.034 (0.116 ± 0.008) on the same side, which is even 

smaller than the value 0.146 ± 0.031 (0.143 ± 0.008) found for the away 

side. We find that this ratio depends neither on the pT of the trigger par

ticle within the range 3-8 GeV/c, nor on the pT of the associated protons, 

which is however limited to 0.55 < pT < 0.9 GeV/c. 

One essential difference between the data of ref. 14 and the present 

sample is the proximity of the proton and antiproton in momentum space. 

The minimum 6pT so far investigated here is 2 GeV/c. In order to minimize 

6pT but still use the trigger p or pas one of the pair, we shall use the 

high-pressure Cherenkov (HPC) to identify associated K,p (heavy) particles. 

The threshold of the HPC for tt/h separation is at plab = 1.5 GeV/c. It is 

required that the associated particle be separated from the trigger par-

ticle in azimuthal angle by 6" < 16~1 < 30" in order to get equal accep-

tance for different combinations of charges. Within this 6~ region, we 

define R as the ratio of the number of associated particles with opp/same 

charge opposite to the trigger, to the number with the same charge. In 

table 3 we see that the value of R I is much larger for associated opp same 
h particles than for associated v particles. Table 4 shows the ratios in 

the same 6~ region for associated particles identified in the drift 
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chamber. As already explained, 6pT is now at least 2 GeV/c, and one sees 

+ - - + much reduced h h and h h correlations. 

Thus there is indeed a strong compensation of charge between h par-

ticles provided they are sufficently close in phase space. The numbers in 

parentheses are predictions of the Lund model incorporating the constraints 

of the experiment. The data of table 3 are reasonably well described by 

the model, but the predicted hh correlation as the particles become more 

separated, is too strong (see table 4). 

It is interesting to note the local charge correlation between the h 

particle and accompanying fast pions (see table 3). It is somewhat stronger 

than predicted by the model, suggesting a possible mechanism of diquark 

splitting in which a meson, rather than an antibaryon, is produced in the 

break up of the colour field [15]. Such a mechanism would also weaken the 

angular correlation between associated protons (antiprotons) and h-(+) 

trigger particles, as observed in our data. It is further supported by the 

h' fw' ratio of HPC-identified associated particles for an h trigger, which 

is found to be 0.26 ± 0.06, whereas the Lund model gives the very high 

value of 1.25 ± 0.07. (In order to get the same acceptance for the h-h and 

h-w combinations, only tracks traversing different modules in the HPC, and 

thus separated by 20' < 16~1 < 30' have been used.) 

The local compensation of baryon number in e'e- annihilations has 

recently been reported by the TASSO Collaboration [16] to be in agreement 

with the Lund model. 

6. AWAY-SIDE CORRELATIONS 

The compensation of trigger charge was seen to extend into the away 

side (long-range effects, fig. 9). Usually the away-side jet is balanced 



16 

in azimuth (pT plane) in an event with a high-pT trigger particle, whil~t 

the polar angle varies from event to event. Thus to study the away side 

we choose a variable depending on the pT of the associated particles, 

instead of the rapidity along the trigger-jet axis. This is the usual 

xE variable: 

A particle is said to belong to the away side if xE > 0. 

The charge ratio, R+/·, of the mean densities of positive and ne-

gative particles is studied as a function of xE in subsection 6.1 for 

unidentified particles, and in subsection 6.2 for identified particles. 

Correlations between a high-pT trigger and charged particles on the 

away side have been studied by, for example, the BFS Collaboration [3] at 

essentially the same c.m. energy, using the SFM detector. 

6.1 Unidentified associated particles 

Figure 13a shows the charge ratio R+/- on the away side versus xE 

for positive and negative pion triggers. The charge ratio grows with xE 

and is similar for both trigger charges but with an over-all larger 

positive excess for negative triggers. Just as was found in the case of 

charge compensation versus rapidity, we find the low-xE particles to be 

influenced by the trigger charge. The clear rise of R+/· with increasing 

xE is in agreement with the assumption that the leading away-side par

ticle more often contains a scattered u valence quark than a d quark. 

Our previously published w0 triggered data [17] fall roughly in the 

middle between our positive and negative trigger data, confirming the 

influence of the trigger charge on the away side, at least at low xE. At 

high xE the values of R+/- for w•, -
w ' and w0 triggered data are very 
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similar, supporting the simple idea that scattered ~harged partons are 

predominantly valence u quarks. 

The Lund model gives smaller values of R•/- for the higher values of 

xE' as shown by the hatched area in fig. 13. Figure 13b shows the charge 

ratio on the away side versus XE for positive and negative heavy triggers. 

The BFS Collaboration has reported a higher ratio opposite an h- trigger 

[3]. They studied density ratios of away-side particles with aPT of more 

than 1.5 GeV/c, and found a 3o difference in the charge structure opposite 

an h- trigger compared to that opposite w and h+ triggers. The results of 

our measurements are compatible with theirs but do not show any significant 

effect. A detailed comparison has been made elsewhere [18]. 

6.2 Identified associated particles 

Particle identification using dE/dx in the central detector separates 

pions, kaons, and protons at low momentum. In table 5 we give the charged 

ratios R•/- integrated over the small xE range of identification, 

0 < xE < 0.3, together with corresponding results from the Lund model. 

For away-side kaons the ratio R+/- for h- triggers is larger than 

for.- triggers (a 3o effect), whilst for w• and h+ triggers these ratios 

are roughly equal. To interpret this effect we consider the h- as being a 

K-. If the correlation were due to the decay of a particle X ~ K+K-, it 

should be present for h+ triggers as well. An invariant mass plot contains 

no significant signal. We thus interpret this effect in the same way as in 

subsection 4.1, which in this case means that the fragmentation giving 

rise to a leading K- on the trigger side will in some cases produce a 

correlated K+ on the away side. 



18 

The largest R+/- values are found for away-side protons, in line with 

section 5. 

The Lund model reproduces essentially the features as seen in data at 

low x , and its predictions are also given in table 5. E 

7. CONCLUSIONS 

The composition of the charged particle flux around a = 90" in the 

c.m.s. has been measured in pp collisions at the energy Is = 63 GeV for 

transverse momenta up to 8 GeV/c. 

For the charge correlations between an identified high-pT particle 

and associated particles we find that the charge compensation on the same 

side as the trigger depends strongly on the identity of the associated 

particles and on the identity of the trigger particle. The compensation 

follows qualitatively a simple picture of quark fragmentation, and the 

effects are generally reproduced by the Lund model of pp collisions. 

However, this model has difficulties in describing baryon effects, and the 

data suggest a more elaborate mechanism for baryon production. 

Particle production on the away side is influenced by the trigger 

charge. The +/- ratio of low-pT away-side particles is significantly 

larger for negative triggers than for positive triggers. The ratio grows 

with xE' as expected for flavour-independent parton scattering. 
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Table 1 

The+/- ratio and the relative frequency·of the.trigger particles 
as a function of pT. The errors are statistical only. 

The +/- ratio of the trigger particles 

<pT> R 
+/-

GeV/c 

4.09 1.18±0.02 

4.52 1.20 ± 0.03 

4.96 1.27 ± 0.04 

5.39 1. 28 ± 0.06 

5.83 1.25 ± 0.08 

6.44 1.32±0.09 

7.31 1.60 ± 0.19 

8. 18 1.58±0.31 

9.48 1.60 ± 0.43 

The ratio 11/all 

<pT> Positives Negatives 

GeV/c 

2.79 0.567 ± 0.011 0.656 ±·O.OH 

3.27 0.591 ± 0.008 0.691 ± 0.008 

3.75 0.610 ± 0.007 0.716 ± 0.007 

4.22 0.630 ± 0.010 0. 734 ± 0.009 

The relative frequency of 11, K, and p 

<pT> 

GeV/c 

5.4 

6.4 

7.4 

<pT> 

GeV/c 

• 11 

0. 359 ± 0. 011 

0. 366 ± 0.014 

0.371 ± 0.027 

p 

11 

0.321 ± 0.009 

0.318 ± 0.010 

0.290 ± 0.019 

p 

5.4 0.075 ± 0.009 0.045 ± 0.006 

6.4 0.069 ± 0.009 0.036 ± 0.006 

7.4 0.066 ± 0.017 0.021 ± 0.009 

K• 

0.136 ± 0.011 

0.141 ± 0.011 

0.155 ± 0.011 

-K 
~ 

0.074 ± 0.008 

0.070 ± 0.008 

0.096 ± 0.018 
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Table 2 

The number of associated protons and antiprotons per trigger 

a) Number of associated protons per trigger 

Trigger una Lund model 

+ 
0.066 ± 0.003 0.027 ± 0.001 11 

11 0.070 ± 0.003 0.033 ± 0.001 

h+ 0.067 ± 0.003 0.027 ± 0.001 

-h 0.086 ± 0.004 0.058 ± 0.002 

p 0.055 ± 0. 011 0.029 ± 0.005 

p 0.089 ± 0.017 0.085 ± 0.005 

b) Number of associated antiprotons per trigger 

Trigger una Lund model 

+ 0.049 ± 0.003 0.023 ± 0.001 11 

11 0.043 ± 0.003 0.023 ± 0.001 

h+ 0.061 ± 0.003 0.046 ± 0.002 

-h 0.046 ± 0.003 0.022 ± 0.001 

p 0.068 ± 0.016 0.062 ± 0.008 

p 0.047 ± 0.009 0.015 ± 0.005 



Table 3 

Ropp/same for associated particles (pT > 1.3 GeV/c) 

identified in the HPC 

Numbers in paranthesis are the predictions of the Lund model 

Trigger Associated particles 

particle h 11 

-h 6.3 ± 1.0 (7.0 ± 0.7) 2.3 ± 0.4 (1.7 ± 0.1) 

h. 3.3 ± 0.4 (3.3 ± 0.2) 2. 1 ± 0.3 (1.7 ± 0.1) 

Table 4 

Ropp/same for associated particles (pT < 1.3 GeV/c) 
identified in the drift chamber 

Numbers in paranthesis are the predictions of the Lund model 

Trigger Associated particles 

particle h 11 

-h 2.0 ± 0.2 (4.4 ± 0.7) 1.40 ± 0.07 (1.55 ± 0.03) 

h. 1.2 ± 0.1 (2.7 ± 0.2) 1.27 ± 0.03 (1.31 ± 0.03) 

23 



24 

Data 

----

Lund 
model 

Table 5 

R•/- for identified associated particles 

on the away side for different triggers 

Identified associated particles 
Trigger 

v K p 

• v 1.09 ± 0.01 1.00 ± 0.04 1. 53 ± 0.06 

-h 1.04 ± 0.02 1.27 ± 0.08 1. 58 ± 0.10 

• 0.95 ± 0.01 0.95 ± 0.04 1.33 ± 0.06 11 

h. 0. 95 ± 0.01 0.84 ± 0.05 1. 16 ± 0.06 

---- ------- ------- -------
-

11 1.07 ± 0.01 1.13 ± 0.05 1. 31 ± 0.07 

-h 1.06 ± 0.01 1.44±0.10 1.73 ± 0.15 

• 0. 99 v ± 0.01 1.10 ± 0.05 1. 20 ± 0.06 

h. 1.02 ± 0.01 0.91 ± 0.05 1.08 ± 0.04 
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Figure captions 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7 

Fig. 8 

The Axial Field Spectrometer viewed transversely to the 

collision axis. The magnetic field is perpendicular to the 

plane of the paper. 

The efficiency of the aerogel counter for pions. The pions 

below plab = 0.5 GeV/c are identified by dE/dx measurements 

in the drift chamber, and pions above Plab = 1.5 GeV/c by the 

HPC. 

The HPC performance showing the number of photoelectrons as a 

function of particle momentum. The band of pions is clearly 

separated from heavier hadrons. 

The APC performance showing the number of events as a function 

of the number of photoelectrons for particles identified as 

non-pions by the HPC. The kaons and protons are well separated. 

The fractional composition of the particle flux into pions, 

kaons, and protons, as a function of pT , for a) positively 

charged particles; b) negatively charged particles. 

The charge ratio R+/- of trigger particles as a function of pT. 

The hatched area is the result of a simulation with the Lund 

model. 

The fraction of different charged trigger particles as a func

tion of pT. The hatched areas are given by the Lund model. 

The density of charged tracks, uncorrected for acceptance, as 

a function of the rapidity along the jet axis. The jet includes 

the trigger particle. 
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Fiq. 9 

Fiq. 10 

Fiq. 11 

Charqe compensation, A(y) of particles in the interval 

2 < y' < 5 (fast particles) as a function of rapidity alonq 

the jet axis. The indices "f" and "ass" stand for fast particle 

and associated particle, respectively: 

a) allf, all : charqe compensation of all fast particles by ass 

all associated particles, reqardless of their identifi-

cation; 

b) allf' 11 • ass· charqe compensation of all fast particles by 

associated particles identified as pions; 

c) allf, h : charqe compensation of all fast particles by ass 

associated particles identified as heavier than pions. 

The full line represents the Lund model calculation for 

neqative fast particles, the dashed line for positive fast 

particles. 

Charqe compensation, A(y), of identified fast particles (11 or 

h) in the interval 2 < y' < 5 by identified associated par-

ticles (11 or h) as a function of rapidity y. Notation as in 

fiq. 9. 

Full line represents the Lund model calculation for neqative 

fast particles, the dashed line for positive fast particles. 

Charqe compensation, A(y), of identified fast particles (11, K 

or p) in the interval 2 < y' < 5 by identified associated par-

ticles (11, K or p) as a function of rapidity y. Notation as in 

fiq. 9. 

Full line represents the Lund model calculation for neqative 

fast particles, the dashed line for positive fast particles. 



Fig. 12 

Fig. 13 

Distribution of the difference in azimuthal angle a~ between 

a proton/antiproton, 0.55< pT < 0.9 GeVjc, and the trigger 

particle, pT > 3.0 GeVjc. 
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a} The a~ distribution for antiprotons with respect to h+ 

(crosses} and v• triggers (histogram}. The full line repre

sents the Lund model result for v• triggers, the dashed 

line for h+ triggers. 

b) The a~ distribution for protons with respect to h- triggers 

(crosses} and v triggers (histogram}. 

The full line represents the Lund model result for w triggers, 

the dashed line for h triggers. 

+/-Unidentified away-side particles. Charge ratio R versus xE 

for different triggers: 

a} v (empty circle} and w• (full circle} triggers; 

b) h (empty square} and h+ (full square} triggers. 

The triggers are required to have pT > 3.0 GeV/c. 

The hatched areas and the lines represent the Lund model 

results. The full line gives the charge ratio for negative 

triggers, the dashed line that for positive triggers. At low 

xE a difference in charge ratio is seen, which depends on the 

trigger charge. 
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