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Spectra and correlations ofL and L̄ produced in 340-GeVÕc SÀ¿C
and 260-GeVÕc n¿C interactions
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We have measured the production of strange baryons and antibaryons in 340-GeV/c S21C and
260-GeV/c n1C interactions. The singlexF distributions show the expected leading particle effect, and the
single pt

2 distributions show a distinct nonthermal behavior. ThexF distributions ofL-L pairs indicate two

different phase space distributions for the two coincident baryons. On the other hand twoL̄ ’s show identical
distributions. Momentum conservation during the formation process may represent a significant source for the
observed behavior.
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The study of inclusive production of hadrons in hadr
beams with a diversity of strangeness content in the pro
tiles and the produced particles can provide new insights
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hadron interactions, since various degrees of valence q
overlap between incoming and outgoing hadrons can be
lated. Furthermore production of excited states with identi
quark flavor content but different spin structure may help
explore the importance of possible diquark structures in
cited hyperons@1#. Indeed the role of the valence quark ove
lap in the so-called ‘‘leading particle effect’’ has been know
for a long time and has been clearly demonstrated in ea
hyperon beam experiments@2,3#. This effect suggests the
presence of—at least—two distinct production stages~or
even mechanisms! for hadrons@4#: At low xF , a soft had-
ronization process may dominate which is described, e.g.
several breakups of a color string stretched between the
tons, while recombination of projectile spectator quarks
diquarks with quarks produced in the interaction may
more relevant at highxF .

Strange particle production in hadron-nucleus collisio
also represents an important baseline for the interpretatio
strange particle distributions in nucleus-nucleus (A-A) colli-
sions@5#. Considering the fast expansion time as well as
long equilibration time inA1A interactions it has been ar
gued that the observed hadrochemical equilibrium@6,7# may
serve as a fingerprint of an early hadronization proc
@7–9#. Clearly, the existence of two distinct productio
stages—if present within a singleN1A interaction—would
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not permit a straightforward extrapolation toA1A collisions
since the relative importance of the various stages m
change with projectile or target mass. For example, the
of conservation laws may differ for hadron-induced a
nucleus-induced reactions. Like strangeness conserva
@10# momentum conservation may also cause a signific
interrelation between various stages of a hadron-nucleus
action, while nucleus-nucleus reactions may be less affe
by momentum constraints.

In this paper we demonstrate thatxF correlations between
two L’s or two L̄ ’s may help to clarify the question o
whether two coincident strange baryons have indepen
and identical phase space distributions or whether additio
constraints or even more than one production mechanism
simultaneously at work in a reaction.

The hyperon beam was derived from an external pro
beam of the CERN-SPS hitting a production target placed
m upstream of the experimental target. Negative seconda
with a mean momentum of 345 GeV/c and a momentum
spread ofs(p)/p'9% were selected in a magnetic chann
At the experimental target, the beam consisted ofp2, K2,
S2, and J2 in the ratio 2.3:0.025:1:0.012.S2→n1p2

decays upstream of the target were a source of neutrons
in our measurement as a neutron beam. For neutron inte
tions thep2 track from theS2 decay had to pass the reco
structed interaction point with a distance of at least 6s (s
'25mm). The momenta of these neutrons were defined
the difference between the averageS2 beam momentum and
the momentum of the associatedp2 measured in the spec
trometer. The neutron spectrum had an average momen
of 260 GeV/c and a width ofs(p)/p'15%.

The experimental target consisted of one copper and t
carbon blocks arranged in a row along the beam, with thi
nesses corresponding to 0.026l I and three times 0.0083l I ,
respectively. Tracks of charged particles were measured
side the CERN OMEGA magnet and in the field-free regio
upstream and downstream by multiwire proportion
counters and drift chambers, with a total of 130 planes. M
details of the hyperon beam setup and parameters ca
found in Ref.@11#. For the purpose of this paper, only inte
actions in the carbon target were used.

V0 candidates~L or L̄! were selected from all pairs o
positive and negative tracks which formed a vertex dow
stream of the target with the distance between the two tra
at the decay point being smaller than 0.3 cm. The rec
structed decay points had to be at least 0.5 m downstrea
the target and at least 3 m upstream of the center of th
OMEGA magnet, i.e., outside the core of the magnetic fie
The reconstructedV0 track had to pass the interaction vert
at a distance of less than 1.2 cm. The reconstructedV0 mass
had to be within615 MeV/c2 and 65sm of the trueV0

mass, wheresm , the experimental mass resolution, was
MeV/c2 typically. Finally theV0 momentum had to be below
260 GeV/c. ForS2- ~neutron! induced interactions the back
ground integrated over the peak region amounts to 1
~13%! and 48%~35%! for L and L̄, respectively.

The left part of Fig. 1 shows the inclusive differenti
cross sectionsds/dxF of L production~top! andL̄ produc-
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tion ~bottom! in S2 ~dots! and neutron~squares! interactions
in carbon. The Feynman variablexF is defined asxF50.5
•pi /As wherepi denotes the longitudinalV0 momentum and
As the invariant mass of the beam particle and the tar
nucleon.

The striking difference between thexF distributions ob-
served inL and L̄ production and also the difference b
tweenL production byS2 and by neutrons demonstrate th
leading particle effect, i.e., the increase of the hardness of
xF distribution with increasing valence quark overlap b
tween beam particle and produced particle. This effec
well known from hyperon production in hyperon beams@2,3#
and also fromD6 production in a pion beam@3#. We also
note that the presentL spectrum for neutron interactions
compatible with hyperon spectra fromp-p interactions at
360 GeV/c @4# ~note that in Ref.@4# the invariant cross sec
tion is used!. Fits according to a distribution function}(1
2xF)n are given by the lines in Figs. 1~a! and 1~c!. The
values obtained forn are listed in Table I together with th
production cross sections in the rangexF.0. The errors ofn
include systematic uncertainties due to the fit interval a
possible efficiency variations as a function ofxF . The cross

FIG. 1. InclusivexF ~left parts! and transverse momentum dis

tributions ~right parts! of L’s ~top parts! and L̄ ’s ~bottom parts! in
S2- ~dots! and neutron-~squares! induced reactions on a carbo
target. The lines are described in the text.

TABLE I. Number of detected events, inclusive productio
cross section, and shape parametern of the xF distribution for L

andL̄ production.

Beam;
particle

Number of
events

Cross section
~mb! n

b
(c/GeV)

S2; L 1 132 01961140 41.361.5 0.9560.06a 4.060.1

S2; L̄ 70 9136324 2.260.2 8.2060.13 3.960.1

n; L 30 5856186 18.160.8 1.8060.07 3.660.1

n; L̄ 3 841671 2.460.2 8.4660.36 4.060.1

aIn the case ofL’s produced inS2-induced reactions, the fit rang
was limited toxF>0.3.
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sections have, in addition to the quoted statistical erro
systematic normalization uncertainty of 20%.

In contrast to the different inclusivexF distributions, the
shapes of the transverse momentum spectra are very sim
Only theL̄ ’s from neutron reactions show a slightly steep
distribution @squares in Fig. 1~d!#. Particularly striking is a
marked flattening of theL and L̄ spectra beyondpt

2

'1 GeV2/c2 for S2 interactions. These spectra are qu
well parametrized by an exponential functionds/dpt

2

}exp(2b•pt) @solid lines in Figs. 1~b! and 1~d!#, while a
thermal distribution of the formds/dpt

2}mt
3/2
• exp(2mt /T)

cannot describe theS2 data over the wholept
2 range~dashed

lines!.
Kinematic correlations between two strange baryons h

been studied before inZ0 decays@12–14#, in pp interactions
at 360 GeV/c @15#, and more recently also in relativisti
Pb1Pb collisions@16#. While the latter experiment analyze
correlations at small relative momenta between two ident
baryons, the former ones focused on rapidity correlations
LL̄ pairs. The high statistics of strange particles recorde
the present experiment allowed us to study for the first ti
kinematic correlations between two identical strange bary
or anti-baryons in hadron-nucleus interactions.

For the extraction of theLL andLL pairs the same cri-
teria as those for the single strange hadrons were applie
addition it was required that the two hadrons have no trac
the decay products in common. On average the backgro
due to misidentifications did not exceed 20% of the coin
dent yield and was subtracted as described in Ref.@17#. The
number of events and the corresponding cross sections
xF.0 are listed in Table II.

Figure 2~a! shows thexF distribution of the twoL’s after
sorting with respect to theirxF value. Due to the sorting
procedure, the fasterL shows a harderxF distribution than
the slow one. If bothL’s were produced independently wit
the same distributionP(xF)}(12xF)n, the xF distribution
of the fast particle is given by

Pf~xF!52N@~12xF!n2~12xF!2n11# ~1a!

while the slow particles will be distributed as

Ps~xF!52N~12xF!2n11. ~1b!

Calculations for the fast baryon according to Eq.~1a! are
shown by the solid lines in Fig. 2~a!. In these calculations the
parametern and the normalization constantN have been ad-
justed to enclose thexF distribution of the fasterL. The
correspondingxF distributions of the slowerL @Eq. ~1b!# are
indicated by the two dashed curves. Clearly, if the twoL’s

TABLE II. Number of pairs, cross sections per nucleus, a
their statistical uncertainties for the different baryon pairs.

Beam Particle pair Events Cross section~mb!

S2 LL 8830696 1.5760.02
S2 LL 142613 0.02960.002

n LL 187614 0.4460.03
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have independent and identicalxF distributions, the rear-
rangement with respect toxF is not sufficient to explain the
observed correlation.

In deriving Eq. ~1! momentum conservation was ne
glected. In order to demonstrate the importance of mom
tum conservation we adopted a two-step scenario. First
hyperon was generated according to a distributionP(xF)
}(12xF)n where xF was defined in the initial hadron

FIG. 2. xF distribution of the fast~open points! and slow~closed

squares! L @~a! and~c!#, respectively.L̄ ~b! produced inS21C ~a!
and ~b! or n1C ~c! reactions. The solid and dashed lines illustra
the effect of sorting, the dotted and dot-dashed curves includ
addition the effect of momentum conservation.
2-3
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nucleon system. The second hyperon then was produ
from the remaining system, assuming again a distribut
P( x̃F)}(12 x̃F)n wherex̃F now was defined in the remain
ing system, but the value ofn was the same for both hyper
ons. Next the momenta of both hyperons were transform
to the laboratory system and thexF values were calculated
and sorted as in the analysis of the experimental data. Fin
a cut at 260 GeV/c was imposed on the individual momen
and in addition the sum of the two laboratory momenta w
not allowed to exceed the beam momentum.

The results obtained imposing momentum conserva
are shown by the dotted curves for the fasterL and the
dot-dashed curves for the slowerL. Obviously momentum
conservation has little influence on thexF distribution of the
fasterL. For the slowerL, however, momentum conserva
tion results in a significant depletion of events withxF

.0.4. Momentum conservation—as implemented in o
scenario—seems to account for the observed distributio
the slow L. The same analysis for twoL̄ ’s produced in
S2-induced interactions is displayed in Fig. 2~b!. Here the
xF distributions of the slow as well as the fastL̄ are well
described by an exponentn'6 – 9. For such high values o
n, momentum conservation can have very little effect.
nally, Fig. 2~c! shows thexF distributions for twoL’s pro-
duced in neutron-induced interactions. Again the data in
cates that a deviation from the simple model of independ
production and momentum conservation seems to be im
tant to understand the joint probability distributions of tw
L’s.

In Fig. 3, we compare the measuredxF distributions to
calculations from thePYTHIA 5.7 @18# andFRITIOF 7.02 @19#
models using default parameters. SinceFRITIOF calculations
are not yet available for theS2 projectile we present only
results forn112C interactions. ThePYTHIA model ~dashed
lines! describes the data only qualitatively. The leading eff
for L production is too pronounced and the cross section
doubleL production is severely underpredicted. Multiple i
teractions as, e.g., implemented inFRITIOF seem to accoun
for the missingLL yield ~solid lines!. In addition we obtain
a good description of thexF correlation. HoweverFRITIOF
l
ta

l
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still underpredicts theLL to L ratio by '30% and theL̄
yield is overpredicted by a factor of 2.

To conclude, the inclusivexF spectra ofL’s andL̄ ’s and
the shape of thept distributions suggest various competin
processes for strange baryon production in hadron-indu
interactions. ThexF correlations between identical strang
baryons signal different phase space distributions for coin
dent L’s within a single event. A schematic model demo
strates that this behavior may be related to momentum c
servation during the formation process.FRITIOF calculations
indicate the importance of multiple interactions in the targ
nucleus for understanding the hyperon multiplicity distrib
tion and the hyperon pair production.
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FIG. 3. Comparison of the measured inclusive~squares! and
coincident~triangles! xF distributions to predictions ofPHYTIA and
FRITIOF.
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