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ABSTRACT. Results are presented on #tp and K 1p elastic scattering at 250 GeV /¢, the highest
momentum so far reached for positive meson beams. The experiment (NA22) was performed with the
European Hybrid Spectrometer. The #1p elastic cross section stays constant with energy while the K+p
cross section increases.

In this paper we report on a study of 7*p and K*p elastic scattering at 250 GeV/c,

the highest energy so far reached for positive meson hadron collisions.

The experiment (NA22) has been performed at CERN in the European Hybrid Spec-
trometer (EHS) with the Rapid Cycling Bubble Chamber (RCBC), filled with H,, as a
vertex detector, and exposed to a 250 GeV/c tagged positive meson enriched beam. The
data were taken with a minimum bias interaction trigger. The experimental setup and the
trigger conditions are detailed in [1]. Secondar¥ charged particle tracks are reconstructed

from hits in the wire- and drift-chambers of the spectrometer and from tracks measured in
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the bubble chamber. The majority of protons with laboratory momentum p < 400 MeV/c
stop inside the bubble chamber. Their momentum is determined from the range in the
chamber liquid. The overall < Ap/p > for fast secondary tracks and recoil protons is < 2%
and < 5%, respectively.

Elastic events are selected on the basis of 4—constraint (4C) kinematic fits to the two-
prong event sample, using the HYDRA kinematics package. The data samples consist of
1947 7T p and 2157 K+p events corresponding to 30% and 100% of our total statistics.

The probability distribution (not displayed) shows the usual peak for P(x?) < 2% due
to poor measurements and inefficiencies in the kinematics program. These low probability

events are found not to introduce biases and have been retained in the analysis.

To estimate losses of truely elastic events for which no acceptable kinematic fit is
obtained, we calculate for each two-prong the missing mass squared MM? of the event
and the laboratory angle 8 between the measured momentum of the scattered beam particle
and its momentum predicted from the recoil proton momentum, assuming the event to be

elastic. In total, 87% of fitted elastic events fall into the kinematic region
—0.15 < MM? < 0.15GeV? and — 0.5 < 8 < 0.3 mrad.

Henceforth we assume that unfitted two-prong events without associated V' °’s or «4’s falling
into this kinematic region are elastic events and can be added to the sample of fitted events.

This sub-sample contains 122 7¥p and 132 K p events.

At high energies, 4C-fit reactions may still be contaminated by reaction channels
with one or several #%’s. This bias is studied in the sample of fitted elastic events which
nevertheless have associated neutrals: a 3C-fit 4 observed in RCBC and pointing to the
primary vertex, or a forward #° identified in the lead-glass detectors of EHS, fitted to the
event vertex and also satisfying the 4C-fit hypothesis meson 4+ p — meson + p + 7°. The
corresponding contamination is estimated to be (2.4 +1.6%) and (2.8 +2.0%) for #*p and

K™p elastic events, respectively.

The interaction trigger system includes a vertically mounted scintillator sfrip, 20 mm
wide and located at 12.6 m downstream from the center of RCBC, at a horizontal focus of
the beam. The trigger vetoes an elastic collision whenever the scattered beam particle hits
the scintillator strip. This not only limits our acceptance in invariant momentum transfer
squared to [t| > 0.06 GeV?Z, but also introduces a significant loss of events in the interval
0.06 < |t| < .1 GeV?2. This trigger loss is corrected for, on an event by event basis, by a
geometrical weighting procedure based on the isotropy in azimuthal angle of the scattered

beam particle with respect to the incident beam.



For the calculation of absolute cross sections, we use the following procedure. The
weighted ¢-distributions dN/dt of the elastic data samples are fitted to the quadratic expo-
nential form Aexp (Bt + Ct?) in the intervals 0.06 < —t < 0.98 GeVZ. The lower —t limit
is chosen to avoid the losses at small-|t|. The absolute scale of the cross section is then
obtained by normalizing the distribution dN/dt at t = 0 to the value of the Optical Point
(O.T.P) = agot/167r, calculated from the Optical Theorem. We herewith neglect the real
part of the forward elastic scattering amplitude. Dispersion relation calculations[2] indeed
show at this energy that |p| < 0.1 at ¢ = 0; p represents the ratio of the real to imaginary
part of the elastic amplitude.

Figs. la,b show the do/dt distributions obtained for 7+p and K *p elastic scattering.
The solid lines are fits to the quadratic exponential given above. The fit includes the
calculated (O.T.P.) as a data point with a 2% error. The fitted values of the parameters
A, B and C are collected in Table 1. The slopes of the differential cross section at ¢ = —0.2
GeVZ, B(t = —0.2GeV?) are compiled in Figs. 2a,b. The “shrinkage” of the diffractive
elastic peak, exhibited by the data, is well parametrized by the form a + blns/so (s =
1 GeV?), with a = (6.3+0.4) GeV~2,b = (0.36+0.07) GeV~2 for 7*p, and a = (5.51+0.6)
GeV~2 b= (0.3+0.1) GeV~2 for K*p elastic scattering.

Using the results of the fits, we calculate the total elastic cross sections by integrating
do/dt in the interval 0 < |t| < B/2C GeV2. The values of o4ot[1], 04 and their ratio are

given in Table 2. The errors on o] include estimates of systematic uncertainties.

A compilation of total elastic cross sections for 77p and K *p interactions is shown in
Figs. 3a,b. The data at lower energies are taken from the “Hepdata/Compas” data-bases
described in [3]. The 7 *p elastic cross section is, within errors, independent of energy in
the s-range between 50 and 500 GeV2. In the same range, the K p elastic cross section
increases with about the same rate as the K¥p total cross section. Note that the ratios

0o/ Otot are the same for 7*tp and K+p (Table 2).
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Table 1. Parameters values from Bls of the fumtoan Ao :/if - ( 171 to "re «astic

differential cross section do/dt at 250 GeV /¢

Parameters x+p W*n
A (mb/GeV?)e 29.82 £ 0.07 20.99 = 0.08
B (GeV~%) 9.60 £ 0.25 78> 03
C (GeV™9) 2.25+ 0.50 08 04

x2/NDF 12/16 9/16

¢ Optical Theorem value neglecting the real part of the elastic amplitude.

Table 2. Total and elastic cross sections and their ratios for 7¥p and K *p interactions
at 250 GeV/c -

rtp Ktp
Otot (mb) [1] 24.16 +0.03 20.27 £+ 0.04
0] (mb) 3.30 £0.11 2.76 +0.10
Ge1/Ttot (mb) 0.136 == 0.004 0.136 % 0.005




FIGURE CAPTIONS

Fig.1 Differential cross sections do/dt (a) for #+p and (b)for K *p collisions at 250 GeV/c.
Solid lines are results of fits to the expression A exp (Bt + Ct%). The values of A, B
and C are given in Table 1

Fig.2 Slope of the differential cross section do/dt (a) for #+p and (b) for K*p collisions at
t = —0.2 GeV2, as a function of s, the centre of mass energy squared. Curves are fits
to a + blns/so, (so =1 GeV?), with a and b as given in the text

Fig.3 Total elastic cross sections (a) for 7*p and (b) for K*p collisions, as a function of s,
the centre of mass energy squared
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