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Abstract

Volkov A.A. et al. Angular Dependence of Symmetric Hadron Pair Production in 7~ p Collisions
at \/s=8.7 GeV: IHEP Preprint 93-101. - Protvino, 1993. - p.7, figs. 1, tables 2, refs.: 13.

The angular dependence of symmetric hadron pair production cross section with effective
mass in the range 2.4-5.4 GeV/c? at 1/3=8.7 GeV is measured with a double arm spectrometer.
The results are compared with a QCD calculations.

ABpHOTanMsA

Bonxos A.A. 1 mp. Yrioas 3aBUCHMOCTH 06Da3OBAHNS CUMMETPHYHEIX ANPOHEBIX Map B T~ P
CTONIKHOBEHUAX NDH v/8=8.7 T'sB: Tlpenpurt UPB3 93-101. - IIporsumo, 1993. - 7 c.,
1 puc., 2 Tabin., 6ubamorp.: 13.

Ha nByxmnewesoM cnekTpomeTpe H3MepeHa yrroBadi 3aBHCHMOCTDL CEUEHHH 0B6pasoBaHms
CAMMETPHIHEIX A[POHHEIX Hap ¢ 3¢¢dekTHBHOE Maccodl B mEamasoHe oT 2,4 mo 54 I'aB/c?
mpu /5 = 8,7 I'sB. DkcmepuMenTalLHLE NaRALe CPABEMBAIOTCA C PacIeTaME 0O MoeNH,
ocHoBarHOH Ha KXII.
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The measurement of symmetric hadron pair production at high transverse
momentum is a means of parton-parten dynamic interaction investigation,
since, firstly, it is generally accepted that large Pr hadrons are produced as
a result of hard scattering of hadron constituents — quarks, gluons, and, per-
haps, diquarks; secondly, as it has been shown experimentally [1] at zp > (0.2
(zp = 2Pr/\/3) a leading hadron carries away a larger fraction of the jet mo-
mentum (80-90%); thirdly, the angular dependence of these symmetric hadron
pairs is not practically influenced bty the hadron intrinsic transverse momentum
kr in colliding hadrons [2]. Besides the fragmentation process leads to the re-
sult that large Py hadron in Major cases contains a scattered parton. Thus the
quantum numbers of the hadrou must partially reflect the Havor of the frag-
menting partoa [3]. Az comparatively low energies large deviations from scaling
and contribution of diquark inceraction [4],15] can be expected.

This article presents the experimental data on the dependence of h*th~ pair
production invariant differentia] cross section (where h=r, K, p) in 77 p colli-
sions on the angle of pair scattering in the pair rest reference (#). The measure-
ments of the cross section angular dependences of symmetric hadron pair and
two-jet event production in Pp, pp-collisions have been carried out in several
experiments [1,6-10]. However the results on 7~ p-collisions are obtained for the
first time. This is tnainly explained by two reasons: celatively low intensity of
7~ beams and at the same time difficulties in detecting of Such rare events as
production of symmetric hadron pairs at large Pr.

The measurements ure carried out with a double-arm spectrometer described
in detail elsewhere [11] at 8.7 GeV energy in the c.m.s. of 7 p-collisions. Pion
beam with the Intensity up to 10° 7~ /s first strikes a 40-cm hydrogen target
and then an absorber. The beam position and its intensity are measured by
multichannel and solid electrode ion chambers. The chambers are calibrated
at low beam intensity by scintillation and Chereukov counters placed into the
beam. The chamber calibration precision is 10%. The spectrometer is based



upou a double gap magnet with the angle between the gap axes 320 mrad. This
provides the detection of hadron pairs produced back-to-back in pp-collisions at
Vs=11.5 GeV. After the magnet particle trajectory coordinates are measured
by drift chambers. The particles (7, K, p) are identified by a spectiometer of
Cherenkov rings (SCOCH) [12] with known momentum defined by the parti-
cle bending angle in the magnetic field. To suppress the counting rate from
electromaguetic showers there is installed a lead absorber 30 cm thick with a
scintillation counter after it put into the trigger. The trigger of one arm is
organized by the coincidence of 4 scintillation counters, the double-arm trigger
is the coincidence of the single-arm triggers.

The whole spectronﬂeter can be rotated in the horizontal plane around the
target center up to 60 mrad. The measurements are carried out for two valzes
of the aungle: 0 rrad and 60 mrad.

The data analysis consists of geometrical reconstruction, evaluation of mo-
mentum and angle of pafticle emission from the target, particle identification by
the radius of the Cherenkov ring measured by the SCOCHs. Then after back-
ground subtraction the data are corrected for the detection efficiency different
particle species. The cross sections are calculated with Monte Carlo modelling
of the experiment.

For the analysis of the argular dependence of the pair production cross
section the data are selected by requiring:

1. Prig > 1 GeV/c, where Pry and Pry are the transverse momenta of the
h~ and k™ hadrons, respectively;

2. IPTI — PT2| < 0.6 GeV/c;

2.4 < Mp+p- < 5.4 GeV/c?, where My+4- — effective mass of hadron pair;

4. 160° < |¢; — ¢2] < 200°, where ¢ and ¢, are the azimuthal angles of the
hadrons.

w

The absolute value of the pair longitudinal momentum in the c.m.s. for all
pairs satisfying the aforementioned criteria is not exceeding 1 GeV/c.

The invariant differential cross section of hadron pair production of various
species versus C'osfl is presented in Table i. The angle 4 in the rest system of
the hadron pair is defined by the expression:



Table 1. The angular dependence of the invariant differential cross sections of symmetric
hadron pair production.

Cost “ ElEz—:?jiTp; (ph/GeVe) |

” Sort ﬁ Mass {GeV/c?) g

% e |
| -0.44 26.9 4 3. l
72037 IERE i
-0.30 1744 1.8
012 86L 12
b 3.5 —0.04 10.6 0.5
0.04 101x64
0.12 1M2+13 ]
0.30 1T5+£17
0.37 Wi+21
i 0.44 |} 501+46
| —045 577 +£1.95
—0.37 287 £0.71
—0.30 2.77 £ 1.01
~0.13 1.36 £ 0.38
Tt~ 3.5 -0.04 1935020 °
0.04 T £ 0.1
612 256 £ 0.67
0.29 285+ 0.61
0.37 114 £ 0.8
0.44 345+£2235 ]
—0.44 5.50 & 2.34
—0.37 5.95 £ 0.92
~0.29 5.67 = 1.10
~0.12 5.13 % 0.84
Ktx™ 35 —0.04 345 £0.29
0.04 3.66 £ 0.98
0.13 438093
0.30 6.39 & 1.61
037 IIIE15
04571 232+35
—~0.45 7.83 £ 2.09
—0.37 1.70 £ 0.31
Z0.30 3.05 £0.94
~0.12 349 £ 0.66
K+K- 3.5 —0.04 2.65 £ 0.27
0.04 252 £0.25
012 2.40 £ 0.64
! 0.25 174 £1.19
| | 0.37 518£1.20
i ' 0.45 7.82 £ 268 !




Table 1.fContinued }

Sort || Mass (GeV/c?) [| Cos8 | EvEz 25— (pb/GeV?)
' —0.47 5.74 £ 1.49
—~0.38 273 £ 1.21
—0.30 264+ 1.85
~0.16 712044
pr- 2.5 ~0.05 0.82 £ 0.23
0.05 1.73 £ 0.31
0.15 T.47 £041
0.27 482 £0.86
0.37 458 £ 1.62
0.44 6.31 + 2.61
—0.43 240 £5.7
—0.37 211+3.3
—0.27 216 £ 2.0
—0.15 207 £ 1.4
T+p 3.5 —0.05 15.0£0.38
0.05 145038
0.15 26618
0.31 51.7£8.3
0.38 683 £ 5.8
0.47 123£8
—0.46 6.13 £ 2.19
—0.37 5.36 & 1.32
20.28 430 £ 1.31
—0.13 253  0.67
PP 3.8 —0.05 2.80 £ 0.33
0.05 338 £ 0.36
0.13 3.62 £ 0.67
0.28 585+ 1.44
0.37 10.0 £2.0
0.46 244 +34

where 9, and ¥, are polar angles of the A~ and h* hadrons, respectively, in the
c.m.s. The cross section errors presented in table 1 include statistical errors of
the measurements and the Monte-Carlo simulation of the detector acceptance
only. The absolute normalization precision of the cross sections is evaluated
to be 15% and is mainly determined by the monitor absolute calibration, the
momentum determination precision and various corrections. The systematic
extor of Cosf determination, associated with 7~ beam size on the target and
precise knowledge of the detector geodesy, is not larger than 0.02.

As seen from Table 1 there is some asymmetry of angular dependence be-
tween forward-backward scattering for all pair sorts. The presence of this asym-



metry may be explained by the difference between constituents of colliding 7~-
mesons and protons.

The shape of the angular dependence of hadron pairs produced in 77 p coi-
lisions is described by the first order perturbative QCD:

do /do
dz [ dz
where n, A, B are parameters and z = cos#.

The experimental results for all pairs versus C'os€ are fitted by expression
(1). The obtained values of n, A, B and x? per number of the degrees of
freedom are presented in Table 2. As seen from the table the values of the n,
A, B parameters for various pair sorts differ from each other. This is due to
the different production wnechanisms of hadron pairs.

In article [13] that was published before the experimental measurements,
the angular dependence of the 7+~ pair production cross section in the lowest
perturbative order of QCD for pair mass 4 GeV/c? at /s = 8.7 GeV had been
calculated. For the calculation the following values of the parameters have
been chosen: QCD parameter A = 0.4 GeV/c, the average intrimsic parton
momentum < kr >= 400 MeV/c. To cut the infinities of constituent cross
sections at small values of momentum transfer the regularization parameter
m? =1 GeV? has been added to the values of 8, -1, -i.

Fig.1 shows the angular dependence of 7*7~ pair production with mass
4 GeV/c? based on the experimental data and on the calculation [13]. One can
see from Fig.1 the calculations are in a qualitative accordance with the exper-
imental data. The quantitative comparison depends on the chosen parameters
of the model, the used approximation, and also on the chosen fragmentation
function.

Our measurements are in a good agreement with the published results on
the angular dependence of the cross section of the symmetric hadron pair pro-
duction in pp-collisions at /s = 11.5 GeV [10].

It is a pleasure to thank the IHEP management for support and the ac-
celerator division, extraction division, and beam division for their contribution
which made the work possible. '
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Figure 1. The angular dependence of invariant differential cross sections of #+x = pair pro-
duction. The il line is the fitting of the experimental data with mass 3.5 GeV/c?

by funciion (1) (r = 3.21 4 0.21),
with mass 4 GeV/c? {p=3.1

the dashed line is the calculation based on QCD
5) frora wriicle [13].

Table 2. The fitted parameter values of cross section angular dependence of hadron pair pro-
duction by function {1).

0o~

Sort A B n x4/d. of .
7Tx- 1059 « 0.03 | 0.4L £ 0.02 | 3.21 +0.12 217
7 K~ | 0.56 £0.08 | 0.44 %007 [ 277 £0.37 0.77
K¥r— [ 06740031 033£0.04 13.26+022 1.61
K¥K-[G667+£0.10 (052 £0.0812.21 £0.42 1.64
pr- | 0.73£0.08 027 £6.02 | 3.62 £ 0.11 7.7
TP 067i033 033 £0.07 | 4.07+£06.33 1.58
pp | 0712007 | 0.29 £0.05 [ 3.65 + 0.5 9.95
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