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Abstract:

The production of identified charged particles in pp

collisions at /s = 63 GeV with an identified high p_ trigger

particle emitted in the central region is studied. The measure-

ments were performed at the CERN ISR using the Axial Field

Spectrometer. Trigger particle ratios, o(ir — ) / a(all — ) ,

o(K—) and o(p—)/o(all—) are presented for pT from 5 GeV/c to

8 GeV/c. In addition a( n—)/ o(all —) is presented in the

p, region from 2.5 GeV/c to 4.5 GeV/c.

The charge compensation in the hemisphere containing

the trigger particle is shown to depend strongly on the

identity of the trigger particle and on the identity of the

associated particles.
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Introduction

We report on measurements of identified charged particles

produced in pp collisions at the c.m.s. energy /s~ = 63 GeV with an

identified high pT charged trigger'particle emitted in the central

region, with rapidity less than about 0.8.

It is well established that in general such collisions

give rise to a 4-jet structure jl, 2|. In the hemisphere containing

the high p.. trigger particle other particles of moderately high p̂ .

are closely collimated around the trigger particle direction. In

the opposite hemisphere (the away side) high p_-particles are well

collimated in azimuth opposite to the trigger direction, but form,

statistically, a broad enhancement in rapidity as the rapidity of

the recoil jet varies from collision to collision.

We first present the ratios a(n-)/a(all charged particles)

in the p, interval from 2.5 GeV/c to 4.5 GeV/c and the ratios

o(iri), o(K-), o(pi)/a(all charged particles) in the p, interval from

5 GeV/c to 8 GeV/c. Such ratios or the cross sections separately

have earlier been measured only at lower /s or at lower p, |3, 4|

apart from a measurement by the CDWH collaboration of the ratio of

charged pions to all 'charged particles at the same /s and approxi-

mately the same pT range but at a c.m.s. angle of 50° ]5|.

Next we study the charge correlations between the identi-

fied high pjparticle and associated identified charged particles.

Similar measurements have been reported by the CDHW collaboration |l|

and the BFS collaboration ]2a|. However, in most cases the

associated particles were unidentified.

The correlations on the trigger side are much influenced

by the presence of resonances, but in evaluating the charge corre-

lation far different particle identities we can study effects due to

the quark fragmentation. As fragmentation is a soft process the

primary quark is likely to be found in the high p_ trigger particle,

giving rise to a particular correlation pattern. Our results will

be compared with a Monte Carlo model, the so-called Lund model |6[,

where the parton-parton interactions are calculated in perturbative

QCD to order a1 taking care of color string configurations. These

color strings then fragment in the way observed in e+e~ interactions.

Some of the different collisions at the parton level will also lead

to long range correlations between the triggering particle and the

fast particles on the away side.



Apparatus and data analysis

The experiment was performed at the CERN I5R using the

Axial Field Spectrometer, shown in Fig. 1 in a view transverse

to the colliding beams. The apparatus and its performance are

described in detail elsewhere |7|. 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. In azimuth it provides a i

full 2ir coverage except for two 16° wedges above and below the |

interaction region. It is situated in an axially symmetric magnetic!

field of 'v-O.S T. Position coordinates in the plane transverse tc )

the sense wires are determined by the drift time and have a resolutis

of ^230 pm. Along the wires, parallel to the beams, the position \

is measured by relative pulse height measurements at the two ends of;

the wires. The corresponding resolution is ^1.5 cm. The pulse i

height measurements also provide dE/dx information, used for parties
i

identification. This gives IT identification in the momentum, range j

of 0.2 to 0.5 GeV/c and K identification in the momentum range 0.3 ;

to 0.7 GeV/c and baryon identification in the momentum range 0.4

to 1.3 GeV/c. " |

Three sets of threshold Cerenkov•counters subtend an ;

azimuthal angle of 45° and 45°<9<135° in polar angle. The one :

closest to the drift chamber, the aerogel Cerenkov counter, consist:

of 88 cells arranged in 4 layers in depth. The cells are read out

using wave length shifter technique. The average number of photo- ;

electrons per cell produced by a 6^1 particle is only 0.3 as h

determined from the data, resulting in an efficiency/track of aroum'

2/3 for having at least l'signal from the aerogel counter. On the I

other hand 1555 of the tracks with momentum below the IT threshold '•'•

(0.5 GeV/c) have associated noise in the counter. In this study th<

aerogel counter is used to identify ir-mesons and in the momentum

range of 0.5 to 2 GeV/c to purify the identification of heavy partir

by comparison with the information from the dE/dx and the high

pressure Cerenkov counter.

The second Cerenkov counter, the high pressure counter,

is subdivided into 12 optical cells. The average number of photo-
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electrons produced by a Bvl particle is A,20. This allows pion/

heavy particle separation for 1.5<p<5.5 GeV/c. After appropriate

cuts the identified heavy particle sample is quite clean, whereas

the pion'sample has a contamination of heavier particles of tl.5%,

mainly due to y-conversions from overlapping ir° decays.

The third Cerenkov counter is an atmospheric pressure

counter consisting of 18 optical cells. The average number of

photoelectrons for a 8^1 particle is •vlG. Together with the high

pressure counter it provides pion, kaon and proton separation for

p > 5.5 GeV/c.

Copper'calorimeters placed behind the atmospheric pressure

counters cover 1/7 of the solid angle of these counters. They mere

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

p>8 GeV/c and were also used in the trigger for part of the data

sample.

Interactions resulting in the production of a high p-

charged particle within the solid angle of the Cerenkov counters

were selected using a three level trig'ger. The first level uses

a scintillator hodoscope surrounding the beam pipe together with

groups of wires in the PWC's to require p_>0.8-GeV/c. The second

level uses hits in individual wires of the PWC's , and the- last

level uses a microprocessor operating on the appropriate drift

chamber signals. For details see ref. |8|.

The events were first processed through the AFS drift

chamber reconstruction and fitting programs |9|. Events were

accepted if they contained a reconstructed primary vertex, a con-

dition fulfilled by 99% of the events. Cuts were imposed on the

tracks to ensure that they belonged to the event and that their

momenta were reasonably well determined. All tracks were trans-

formed to the c.m.s., using a pion mass if not identified. Cuts

on associated particles restricted them to be within -0.8 in

rapidity and within 0.3<p,<5 GeV/c. No corrections have been applied

for the gaps up and dovin or for a somewhat reduced acceptance for

/y/>0.6. Also no corrections have been applied for a reduced

efficiency for tracks crossing the trigger track. That loss was

found to be "vl5?o inside an angle of 10° to the trigger track. Data

were collected with both polarities of the magnetic field. No

significant differences were found for different magnet polarities.

The acceptance of the associated particles is thus charge independent

Tracks within the acceptance of the Cerenkov counters were refitted
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using both the drift chamber information and the reconstructed space

points in the PWC's. This procedure served to reject false high p_

tracks, to reject particles interacting in the material of the

Cerenkov counters and to improve the momentum resolution to

approximately Ap/p - 1D.S at p=10 GeV/c.

Particle ratios

Fig.2 and Fig.3 show as a function of p_ for positively

and negatively charged particles, respectively, the fractional

composition of the trigger particle flux into pions and heavier

particles (for p^ < 5 GeV/c) and into pions, kaons and protons

(for pT > 5'GeV/c). The ratios are averages-over the c.m.s. polar

angle interval from 45° to 135° with <Q> = 90° and c(|9 - 90° |).. = 20

Within our statistics we see no variation in the ratios with 0 .

For comparison we also show on Fig.2 and 3 the ratios (between in-

variant cross sections) measured by the CDHW collaboration |5|

at <0> = 50°, and the extrapolation of the fit made by the BS

collaboration to their data at lower p_ and/or lower /s*

(Table 4, ref. 4).

The ratios have been corrected for contamination of the

pion sample by heavier particles (a correction to the ratios of

1.5S for PT<5 GeV/c), for nuclear absorption and decays

(corrections of 0.5 - 3S) and for a slightly worse acceptance for

protons, than for pions and kaons at pT>5 GeU/c (corrections ^1%). I

The errors on Figs.2 and 3 are statistical errors only. The syste-;

matic errors are estimated to be everywhere less than the statistic!

errors.

For positively .charged particles we find the same pion

ratio as the CDHW collaboration over the whole p, range. For

negatively charged particles the pion ratios are again equal at
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pT < 5 GeV/c but ;ve do not -observe the rise in the ratio found by

the CDHW collaboration at higher values of p.. This may be an

indication that heavy negatively charged particles are more centrall

produced than it"' s at very high p̂ ..

The Lund model with the choice of parameters given in |6|

does not reproduce the -data very well. In the model the ratios are

independent of pj over the range from 3 GeV/c to 7 GeV/c giving the

ratios 0.7, 0.15, 0.15 for TJ~, K~, and p and the ratios 0.65, 0.175

0.175 for TT+, K+ and p.

Charge compensation

We will now investigate how the charge of a fast particle

in the trigger side jet is compensated in different regions of the

phase space. A similar study has been performed by the CDHW col-

laboration at the CERN ISR |l|. Here we will study the charge

compensation along an axis given by the direction of the trigger sid

jet. Our approach follows that given by the TASSO |1O| and

PLUTO jll] collaborations at PETRA.

The trigger side jet axis is foundby a jet algorithm |12|

using the charged particles with a pT>0-3 GeV/c. This axis is,

within a few degrees, given by the trigger particle. We define an

asymmetry A(y,y')=2P(y,y')-l where P(y,y') is the probability of

finding opposite charges for two given particles located at ra'piditi

y and y1 along the jet axis (for zero charge compensation P is equal

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

A"(y)=/ A(y ,y ' )p(y ,y ' )dy'// p(y>y')dy' which is obtained by weighti

the asymmetry A(y,y") with the two particle density p(y»yf)

averaging over all fast particles in the high rapidity interval

2—y<—5. A"(y), ranging between +1 and -1, measures the strength of

the charge compensation which acts between the average pair of

particles, the fast particle at y' and the other one at y.

Fig.4 shows the general behaviour of the charge compen-

sation as a function of rapidity along the jet-axis, for all negativ

and positive particles regardless of their identity. There is a

strong short range correlation and a much weaker long range correla-

tion: both are stronger for fast particles of negative charge.

However, the charge compensation when the second particle is a T

has the same strength for both charges of the fast particle, Fig.5a,

but a clear difference in charge compensation is seen then where the

second particle is a heavy particle (h), see Fig.5b. In Fig.6 we
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Figure captions

Fig. 1 The Axial Field Spectrometer (view transverse to the

collision axis). The magnet coils are in fact out of

the plane, on the poles. The left calorimeter wall is

shown in a retracted position.

Fig. 2 The fractional composition of the particle flux into pions,

kaons and protons, as a function of p.,, for positively

charged particles.

Fig. 3 The fractional composition of the particle flux into

pions, kaons and antiprotons, as a function of p.,

for negatively charged particles.

Fig. 4 Compensation of charge, A(y), of particles in the test

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

-: fast negative particles, x: fast positive particles

Fig. 5 Charge compensation by associated identified particles

as a function of rapidity, A(y).

-: fast negative particles, x: fast positive particles

from a test interval 2<y'<5.

a) associated particles identified as pions,

b) associated particles identified as K or p/p.

Fig. 6 Charge compensation of identified fast particles, 2<y'<5,

by associated identified particles as a

function of rapidity, A(y)

a) - fast i compensated by ir:s

x fast ir compensated by ir:s

b) - fast h~ compensated by TT:S

x fast h compensated by ff:s

c) - fast" fl compensated by h:s

x fast v compensated by h:s

d) - fast h~ compensated by h:s

x fast h compensated by h:s



Figure captions (cont'd)

Fig. 7 Monte Carlo prediction of charge compensation of

- identified fast particles, 2<y'<5, by associated

identified particles as a function of rapidity, H(y)

compensated by if

compensated by it

compensated by IT

compensated by ir

compensated by h

compensated by h

compensated by h

compensated by h

a)

b)

c)

d)

-
X

-

X

-

X

-

X

fast

fast

fast

fast

fast

fast

fast

fast

IT

ir

h

h

IT

TT

h

h



mu e ^

I i ! . I • 1 I I

I 1-I--4" / •»-(•!* I • / .' I I «J|-.U. I uJJi,. I Alltl. \ •»iit*

UR. CAL.
CHARIOT

URANIUM CAL.
• DRIFT CHAMBER

CHARIOT

URANIUM CAL.
• DRIFT CHAMBER

CHARIOT

CERENKOVS
AEROGEL + H.P
CHARIOT

CliRENKOV A.R
CHARIOT

COP CAL.
CHARIOT

OUTSIDE INSIDE

Fig. 1



100

Fig. 2

PARTICLE RATIO - POSITIVELY

• ' CHARGED PARTICLES

' © THIS EXPERIMENT

A CDHW,<9>.= 49

L EXTRAPOLATED FROM C

70

.60

50

20

10

\ .
. * . . *

4 . ' 6
Pt • GeV/c

.8 10



Fio. 3

o//o

PARTICLE RATIO - NEGATIVELY

CHARGED PARTICLES .
100

80

60

7T'

40

O . THIS EXPERIMENT

A CDHW,<e> =52.9°

— EXTRAPOLATED FROM E

20 — K'

- p

I '
4 : 6

Pt GeV/r

8

K"

IT

a
ii.

10



DATA:ALL CHARGED TRACKS

±r~r

a
1-1

L>

tfc
» *

_-ul ^

~\l 5 f

RAPIDITY



CHARGE COMPENSATION
Fig. 5

3
S

t
2
CO.

P
S3

CO
II

T3

CHARGE COMPENSATION

5
s

5
S3

CO

CO



CHARGE COMPENSATION - A(y) Fig. 6 a,b

CHARGE COMPENSATION A (yj



T ^

|

CHARGE COMPENSATION A (yj

++
t

2

2
33

•3
7
3

F i g •' 6 c , d

d , r

TO

CHARGE COMPENSATION A

-H-,

i i i i i

TJ

2

1



CHARGE COMPENSATION - A ly) Fig . 7 c,d

I I

TO

5

I 1

r
i
2

(A
. II

CHARGE COMPENSATION

7
I

I
M
O

I
CO
II



« - 1 -

CKARGE COMPENSATION ,4 (y)

o
i i ~T~ J

m
o
73

O

Fig. 7 a.b

TO

s

CHARGE COMPENSATION A(yJ

f
4

I
I
3
P

n

3

t • , ,



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any sgency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.


