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We report on the measurement of the cross sections of =~ —hyperons produced in high energy ¥7— 77— and
neutron—interactions in copper and carbon. Measuring the p;—, xy— and A—dependence of the production cross
sections for the different projectiles, we observed a strong leading particle effect for == produced by ¥~. This
constitutes the first measurement using three different projectiles and two different targets within the same

experiment ensuring small systematic uncertanties.

1. Introduction

The inclusive production of =~—Hyperons in
high energy collisions of different hadrons with
target nuclei allows to study the role of the projec-
tile valence quarks in the production process. It
gives therefore insight in the physics of the hadro-
nisation process.

The inclusive production of hyperons has been
studied mostly in proton— and neutron—beams
[1][7]. =~ -production in =~ -Be- and =~ -N-
interactions was measured In a previous exper-
iment with the SPS charged hyperon beam at
CERN [11,12]. The measurements were per-
formed in different kinematical regions and there-
fore a comparison of the different results is diffi-
cult.

The WAS89 experiment gives the opportunity to
measure the =~ —production under homogeneous
conditions with different types of beam particles
on several targets.

2. Experiment WA89

The Experiment WA89 (Fig. 1) was performed
using the charged hyperon beam of the CERN
SPS. Its main purpose i1s to study the produc-
tion of charmed baryons and to search for exotic
states. The production studies of =~ were per-
formed in parallel with the main program.
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Hyperons were produced by 450 GeV /e protons
impinging on a beryllium target. A subsequent
magnetic channel selected negative particles with
a momentum of 345 GeV/c¢ and a momentum
spread of o(p)/p = 9%. After a distance of 16 m
this secondary beam hit the experimental tar-
get which consisted of one copper and three car-
bon blocks. The copper target had a thickness
corresponding to 2.6 % of an interaction length.
The thickness of each carbon block corresponded
to 0.83 % of an interaction length. The size of
the beam at the experimental target was 3.6 cm
horizontally and 1.5 cm vertically. An average
beam spill of 2.1 s contained about 1.8 10° £~—
hyperons and about 4.5-10° 7~ at the experimen-
tal target for an incoming intensity of 3.0 - 10°
protons per spill.

A transition radiation detector (TRD) was used
to discriminate online between 7~ and hyperons.
In special runs 7~ — interactions were recorded for
normalisation purposes.

The beam and the secondary particles were de-
tected by silicon microstrip—planes with 25 and
50pum pitch. Positioning the target about 14 m
upstream of the centre of the Q2-spectrometer pro-
vided a 10 m long decay area for short living
strange particles. The products of these decays
along with the particles coming directly from the
target were detected by drift chambers. Special
MWPC chambers were used in the central region
of high particle fluxes. The particle momenta
were measured by the Q-spectrometer [14] con-



sisting of a super-conducting magnet with a field
integral of 7.5 Tm and a tracking detector con-
sisting of MWPCs and drift chambers. Further
downstream a Ring Imaging Cherenkov Detector
(RICH) [15], a Lead Glass Calorimeter [16] and a
Hadronic Calorimeter allowed for particle identi-
fication but were not used in this analysis.

We present here results of the analysis of about
100 million events recorded in 1993.

3. Event Reconstruction

=~ were reconstructed in the decay chain
E- — A%~ — pr—7~. In the search for
A" — pr~ decays criteria on the decay vertex
were applied. To select candidates for the =7 —
decay, the invariant mass of the reconstructed A
was required to be within a mass window of 3¢
(6 =~ 3.7 MeV/c?) around the reference mass.
The =~ trajectory had to be measured in the ver-
tex detector and we cut on the parameters of the
=~ —decay vertex.
To identify ¥~ and 7~ interactions we required
the transverse distance of the ¥~ — or 7~ -beam
track to the reconstructed vertex position to be
less than 60, (0 & 25um) and the beam track not
to be connected to any outgoing track.
To identify interactions of neutrons stemming
from Y~ —decays upstream the experimental tar-
get, the following criteria were imposed: No high
momentum 7~ was detected in the TRD (7~
from X~ —decays are below the TRD threshold),
the #~—track from the X~ —decay missed the re-
constructed interaction point by at least 6o and
the #~—track was connected to a track in the
spectrometer.

4. Beam conditions

The negative beam particles ( ¥~ | #~ ) had
an average momentum of 345 GeV /¢ and a mo-
mentum spread of o(p)/p = 9%. Since the
beam momentum in each individual event was
not measured we used the average momentum
of 345 GeV/c for the analysis. The momentum
of the neutron was defined as the difference be-
tween the average ¥~ -momentum and the 77—
momentum measured in the spectrometer. The

neutron spectrum has an average momentum of
260 GeV/c and a width of o(p)/p = 15%.
Despite the beam particle identification in the
TRD the ¥~ - respectively #~—beam was contam-
inated by misidentified #~, ¥~ , Z~and neutrons.
Therefore, the beam composition for each data
set was studied in a dedicated analysis.

To measure the Z~—contamination of the X7-
beam a sample of events with beam particles
passing through the target without interaction
was used. In this data sample we identified
¥.7— and =~ —decays by the correlation between
the decay angle (angle between the incoming
beam particle and the daughter—7~ in the decays
ET — Ar” or ¥ — nn~) and the momentum
of the daughter-7~ measured in the spectrome-
ter. With this method we obtain a =~ to X~
ratio of (1.2 £ 0.1)%. This contribution was sub-
tracted from the differential cross sections taking
the 2= + A — =27 4+ X cross section from [11].
Further contamination of the X~ —beam comes
from misidentified 7= . The 7~ to X~ ratio was
measured offline evaluating the pulse height in-
formation of each TRD chamber. We obtained a
value of (12.5 + 2.5)%.

In addition the ¥~ data sample was contaminated
by low momentum 7~ stemming from ¥~ —decays
upstream of the experimental target. This 7~ to
3~ ratio was determined in a Monte Carlo sim-
ulation to amount to 28 % . Beam X~ show
a strong correlation between their incident an-
gle and their position at the experimental target.
A cut on this correlation not being fullfilled by
7~ from X~ —decays allows to suppress this back-
ground.

The n~—sample was contaminated by misiden-
tified X7 Analysing the TRD pulseheight
information, we measured the remaining X7 -
contamination in the pion data sample to be
14 1.5%.

The sample of neutron interactions was contam-
inated by AY-interactions stemming from =~-
-decays upstream of the experimental target.
From the measured =~ to X~ ratio one yields a
A° to neutron ratio of (1.2 4 0.1)% . We assume
the production cross section for 2~ by AY to be
as large as the one by X~ and correct for this
background.



5. Detector Efficiencies and Systematics

The large aperture of the spectrometer pro-
vided a relatively flat apparatus function in the
whole region of the kinematic variables zp and
pr . To measure the reconstruction efficiency we
generated =7 assuming a uniform z g distribution
for 0 < xp < 1 and a p? dependence of the form
do/dp? ~ exp(—3p?). A complete detector sim-
ulation was performed in the frame of GEANT
3.15 [20]. The simulated events were subsequently
passed through the event reconstruction chain.
The uncertainty in the efficiency is an important
source of systematic error in the measurements.
To estimate this uncertainty we varied the event
selection criteria applied to the data and the sim-
ulated events. The resultant changes in the ob-
tained cross sections are of the order of 10 %.

A larger systematic uncertainty comes from the
normalisation of our measured cross sections. We
estimate this error to be as high as 30%.

6. Results

The differential cross sections as function of z
are shown in Fig. 2. We observe a strong leading
particle effect for =~ —production by X~ . Fig. 3
shows the differential cross sections as function of
p?. A systematic deviation from the exponential
behaviour is visible at high values of p?. The fol-
lowing parametrisation was used for the approxi-
mation of our data:

d’c

- = 1— n —b 2
Dider C( zp)exp(—bp;)

where the three parameters C,b and n were as-
sumed to be independent of p? and zp. The er-
ror bars contain the statistical error contribution
from data and Monte Carlo.

To obtain a total cross section we integrated the
measured differential cross sections. For the neu-
tron and #~ the data were extrapolated from the
measured range 0 < xr < 0.6 to the total range
with the parameters obtained in the fits to the
differential cross section.

The ratio of the cross sections for the copper and
carbon targets for the different incident particles
can be directly translated into a dependence on

the atomic number A of the target material. We
used the conventional parametrisation

o =og- A“.

The ratio of the differential cross sections allows
us to demonstrate the variation of the parameter
a versus rp and p? (Fig. 4).

7. Discussion and conclusion

In fig. 5 a) we present our result on the =~
production cross section in neutron—induced re-
actions together with data for proton—induced re-
actions at similar energies. Our result agrees well
with the existing proton data.

The cross sections for pion—induced =7—
production, however, is about a factor 10 higher
than existing data as shown in fig. 5 b). In con-
trast to the old measurement our data on =7-
production by pions is only about 30% smaller
than the corresponding value for protons (fig. 5
a)). This is in good agreement with the ratio of
the total inelastic cross sections for #~and pro-
tons.

In fig. 6 a) and b) we compare our data on Z~—
production by ¥~ with other production cross
sections of hyperons by different projectiles. Fig-
ure 6 a) shows the zp-dependence of =~ -
production by protons, ¥~ and =~ . Although
projectile and produced =~ differ in strangeness
by different amounts the three cross sections are
equal at small zp. At large zp a leading effect
is observed for 27— and X~ —projectiles, which is
strongest for =~ but clearly visible also for X7 .
In fig 6 b) we compare three reactions in which
projectile and produced particle differ by one unit
of strangeness. Here the cross sections are of ap-
proximately equal size at large zp , but differ
by about one order of magnitude at small zp.
The two figures both indicate that in the cen-
tral region all strange quarks of the final state are
produced in the interaction process. In the pro-
jectile fragmentation region, however, the cross
sections depend strongly on the overlap of the
strange quark content of projectile and produced
particle. This is an interesting observation, since
no such dependence on the overlap of light quarks
between initial and final state exists (fig. 5 a)).
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Figure 1. Setup of the WA89 experiment in the
1993 run
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Figure 2. The differential cross section do/dap
as function of zp integrated over p? in case of
neutron—, 7~ — and ¥~ —interactions in a) copper,

b) carbon.
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