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Summary. The single-particle inclusive transverse-momentum distribution in the
multiparticle systems produced in low-p, proton-proton interactions at v/s = 30 and
62 GeV has been studied. The analysis was performed removing from the final state
the leading proton and redefining the effective hadronic energy available for particle
production. Excellent agreement for effective hadronic energies up to 13 GeV is found
between (pp) and (ete~). At higher energy the (pp) data show a less pronounced.
growth than the (ete~) data.

Introduction. The study of the properties of the multihadron systems produced
in low-p, proton-proton collisions using the method of removing the leading proton
and then redefining the effective hadronic energy (H,,,) available for particle pro-
duetion, has produced several interesting results (1%). In particular, the inclusive
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fractional momentum distribution turns cut to agree quite well in the effective energy
range from 3 to 80 GeV with the equivalent distribution obtained in the study of
e+e~ — hadrons. These distributions reproduce well even the dramatic increase at low »
(# <0.1) of the particle density. Furthermore, the average charged multiplicity, when
expressed in terms of Hy4, also agrees well with the average charged multiplicity
measured in e+te~ annihilations. It is, therefore, very interesting to test whether these
similarities extend to the inclusive transverse-momentum distributions which represent
a key feature of the dynamics of multihadron production.

The experiment was performed at the CERN Intersecting Storage Rings (ISR)
with protons at two nominal total c.m. energies: Vs = 30 and 62 GeV. The reason
for the choice of these energies is that they allow the study of the widest range of the
effective hadronic energy, i.e. Hy,q = (3 --32) GeV.

Data analysis. Similarly to our previous analysis (%), for all reconstructed events
(at least two tracks fit a common vertex), we identify for each hemisphere the leading
proton as the fastest particle with positive charge and

2|ps
Vs
(where p;=longitudinal momentum). The measurement of the momentum of the leading
proton is required to satisfy the condition Ap/p<89. The particles accompanying
the identified leading proton in the same hemisphere are analysed if their momenta

are measured with Ap/p <309%,.
The available effective hadronic energy is determined by

(1) 0.4 < wp = <0.85

Vs
(2) Ehad = '"2_'—Eleading

with B, being the leading-proton energy.

The transverse momentum for each particle is determined with respect to the (pp)
line of flight in the (pp) c.m. system. This choice is suggested by the consideration.
that the missing momentum py.; = Pi.. — Presaing ()» » Datural choice for the jet axis,
turns out to be always very close to the beam axis.

The inclusive transverse-momentum distribution, normalized to the number of
events N, , (1/N,,)(dN/dps) has been determined by correcting the number of tracks
dN corresponding to the interval dp, for acceptance loss via Monte Carlo simulation.
The quantity N,, is the total number of events with at least one charged particle
produced. This number has been computed from

(3) Nev = Nl.p.(]' — €Xp [_‘ <nch>]) s
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Fig. 1. ~ The inclusive single-particle transverse-momentum- distribution. (1/N NN /dp,%) for
3 < 2Ey,q< 4 GeV compared with (1/¢)(de/dpd) measured at SLAC (MARK I) at vs =3 GeV.
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Fig. 2. — The inclusive single-particle transverse-momentum distribution (1/_Nev)(dN/dpé) for
4 < 2F 4,4< 6 GeV compared with (1/c)(do/dpd) measured at SLAC (MARK I) at v =4.8 GeV.
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Fig. 4. — The inclusive single-particle transverse-momentum distribution (17N, XAV /dp%) for
11 < 2y, < 13 GeV compared with (1/0)(do/dpd) measured at PETRA (TASSO).at /5 = 12 GeV.
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Fig. 5. — The inclusive single-particle transverse-momentum distribution (1/N  NAN japd) for
13 < 2E,,< 17 GeV, compared with (1/0)(do/dp?) measured at PETRA (TASSO0) at vs =12 GeV.
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28 < 2Ey,q< 32 GeV compared with (1/0‘)((10‘/(110%) measured at PETRA (TASS0) at ve=
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where N, , = number of leading protons including the case with no accompanying
particle, {(n,> is the measured average charged multiplicity in the same hemisphere
as that of the leading proton and for the FH,., interval under study. We have also
assumed that thel charged multiplicity is Poisson distributed.

The above choice implies that the (ete~) distributions have to be normalized to
one hemisphere and that the relation between the (ete~) annihilation energy (Vs)+e-
and the effective hadronic energy (Hy,a),p in (pp) inberactions is given by

(4-) (\/g)e*’e' == 2(Ehad)pp .
Results. Six Hadronic energy intervals have been studied:
2B, = (3-+4), (46), (69), (11+13), (13=+17), (28--82) GeV .

The corresponding number of analyzed events, with at least one charged particle
detected at thesel energies is

184, 488, 897, 652, 1099, 1153,

respectively.

The data in the 2H,,; energy range, from 3 to 13 GeV, are obtained from (pp)
collisions at Vs = 30 GeV. The data from 13 to 32 GeV are obtained from (pp) col-
lisions at Vs = 62 GeV.

The inclusive transverse-momentum distributions (1/N,,)(dN/dp3) are shown in
fig. 1-6, where they are compared with data from SLAC (MARK I) (Vs = 3, 4.8,
7.0+7.8) (°) and PETRA (TASS0) (Vs = 12, 27.4 +31.6) (9.

These data show that in the lower 2K,,, energy range, 4.e. from 3 to 13 GeV
(fig. 1-4), the agrpement with (ete~) data in the same energy range is excellent. This
means that the inclusive transverse-momentum distributions of the particles produced
in (pp) interactions, when relation (4) is used, do follow the same pattern as the in-
clusive transvers¢-momentum distributions of the particles produced in (ete”) anni-
hilations. This pattern changes for effective hadronic energies, 2E,,,, above 13 GeV,
as shown in fig.. 5 and 6, where the (pp) data corresponding to two 2K, ranges,
(13< 2E, < 17) GV and (28<2F,,,< 32} GeV, are reported. The (pp) distributions
do not show a significant variation. However, the corresponding (ete~) data show a
clear change; from 4/s = 12 GeV to 4/s = (27.4--31.6) GeV. A comparison of the data
in fig. 5 and 6 shows that in this energy range, the growth of high-p, particles in (pp)
data is less pronounced than for the (ete) data.

Oonclusions. We have extended our previous study of the properties of multiparticle
production in propton-proton collisions to the inclusive single-particle transverse-mo-
mentum distributions in an energy range from 3 to 32 GeV. Here again the method
of removing leading protons shows that for energies below 13 GeV, the fransverse-
momentum distributions of the particles produced in (e*e~) annihilations and in (pp)
interactions are the same.

Above 13 GeV, the (pp) data show a growth which appears to be less pronounced
than in the (ete~) case; this is bound to be of great importance in the understanding
of the hadronization mechanisms at work in (pp) collisions and in (ete~) annihilations.

(*) G. G. HanNsoNt XIII Renconire de Moriond, Vol. 2 (1978), p. 15.
(1) R. BRANDELIK|ef al. (TASSO COLLABORATION): Phys. Leil. B, 89, 418 (1980); 83, 261 (1979).
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