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Spectra and correlations of A and A produced in 340-GeVc %~ +C
and 260-GeVc n+C interactions
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We have measured the production of strange baryons and antibaryons in 349-8&eW/C and
260-GeVE n+C interactions. The singlg: distributions show the expected leading particle effect, and the
single pf distributions show a distinct nonthermal behavior. Redistributions of A-A pairs indicate two
different phase space distributions for the two coincident baryons. On the other hardstwhow 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 hadronhadron interactions, since various degrees of valence quark
beams with a diversity of strangeness content in the projemverlap between incoming and outgoing hadrons can be iso-
tiles and the produced particles can provide new insights inttated. Furthermore production of excited states with identical

quark flavor content but different spin structure may help to

explore the importance of possible diquark structures in ex-
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not permit a straightforward extrapolationAat+ A collisions
since the relative importance of the various stages might 102
change with projectile or target mass. For example, the role
of conservation laws may differ for hadron-induced and
nucleus-induced reactions. Like strangeness conservation 1
[10] momentum conservation may also cause a significant
interrelation between various stages of a hadron-nucleus re- g
action, while nucleus-nucleus reactions may be less affected %10
by momentum constraints. 5

In this paper we demonstrate thgt correlations between

two A’s or two A’s may help to clarify the question of
whether two coincident strange baryons have independent 3
and identical phase space distributions or whether additional
constraints or even more than one production mechanism are
simultaneously at work in a reaction. A E
The hyperon beam was derived from an external proton 0305 07 o0 1 2 3
beam of the CERN-SPS hitting a production target placed 16 X P} (@Gevic)
m upstream of the experimental target. Negative secondaries FIG. 1. Inclusivexg (left party and transverse momentum dis-
with a mean momentum of 345 GeWAnd a momentum tributions (right part$ of A’s (top part$ and A’s (bottom partgin
spread ofo(p)/p~9% were selected in a magnetic channel.2 - (dotg and neutron{squares induced reactions on a carbon
At the experimental target, the beam consistedrof K~,  target. The lines are described in the text.
%7, and E~ in the ratio 2.3:0.025:1:0.01%2  —n+m" _ _ _ _
decays upstream of the target were a source of neutrons us@n (bottom in %~ (dotg and neutrorisquaresinteractions
in our measurement as a neutron beam. For neutron interail carbon. The Feynman variabie is defined as;=0.5
tions thew~ track from theX, ~ decay had to pass the recon- - P;/+'s wherep, denotes the longitudina® momentum and
structed interaction point with a distance of at least(@ V' the invariant mass of the beam particle and the target
~25um). The momenta of these neutrons were defined agucleon.
the difference between the averaye beam momentum and ~ The striking difference between the: distributions ob-
the momentum of the associated measured in the spec- served inA and A production and also the difference be-
trometer. The neutron spectrum had an average momentufweenA production by~ and by neutrons demonstrate the
of 260 GeVt and a width ofa(p)/p~15%. leading particle effect, i.e., the increase of the hardness of the
The experimental target consisted of one copper and threg- distribution with increasing valence quark overlap be-
carbon blocks arranged in a row along the beam, with thicktiween beam particle and produced particle. This effect is
nesses corresponding to 0.0R6and three times 0.0088, , well known from hyperon production in hyperon bea2s3]
respectively. Tracks of charged particles were measured irand also fromD* production in a pion bearf8]. We also
side the CERN OMEGA magnet and in the field-free regionsnote that the present spectrum for neutron interactions is
upstream and downstream by multiwire proportionalcompatible with hyperon spectra fromp interactions at
counters and drift chambers, with a total of 130 planes. Moreg60 GeVt [4] (note that in Ref[4] the invariant cross sec-
details of the hyperon beam setup and parameters can ien is used. Fits according to a distribution functierf1
found in Ref.[11]. For the purpose of this paper, only inter- —x.)" are given by the lines in Figs.(d@ and ¥c). The
actions in the carbon target were used. values obtained fon are listed in Table | together with the
VO candidategA or A) were selected from all pairs of production cross sections in the range>0. The errors oh
positive and negative tracks which formed a vertex downdinclude systematic uncertainties due to the fit interval and
stream of the target with the distance between the two trackgossible efficiency variations as a functionxgf. The cross
at the decay point being smaller than 0.3 cm. The recon-
structed decay points had to be at least 0.5 m downstream of TABLE I. Number of detected events, inclusive production
the target and at lea$ m upstream of the center of the cross_section, and shape parametef the x¢ distribution for A
OMEGA magnet, i.e., outside the core of the magnetic fieldand A production.
The reconstructe® track had to pass the interaction vertex
at a distance of less than 1.2 cm. The reconstrudfethass ~ Beam; Number of  Cross section b
had to be within+15 MeV/c? and *50,, of the trueV®  particle events (mb) n (c/GeV)
mass,zwhgrarm, t_he experirrgental mass resolution, was 227; A 11320191140 41315 095006 4.0+0.1
MeV/c* typically. fmally the\( momentum hqd to be below s A 70913+ 324 29602 8.20-013 3.9-0.1
260 GeVE. For2, - (neutron induced interactions the back- ’
ground integrated over the peak region amounts to 149%™ A 3058%186 18.1-08  1.80-007 3.6-0.1
(13%) and 48%(35%) for A and A, respectively. m A 38al=rl 2402 846-036 4.0-0.1

The left part of Fig. 1 shows the inclusive differential 3 the case of\’s produced ir® ~-induced reactions, the fit range
cross sectionsa/dxg of A production(top) and A produc-  was limited toxz=0.3.

o I
® neutron

do/? (mb GeV2c?)
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TABLE II. Number of pairs, cross sections per nucleus, and
their statistical uncertainties for the different baryon pairs.

Beam Particle pair Events Cross sectiomb)
P AA 8830+ 96 1.57#0.02
3 AA 142+13 0.029+-0.002

n AA 187+14 0.44+0.03

sections have, in addition to the quoted statistical error, a
systematic normalization uncertainty of 20%.

In contrast to the different inclusive: distributions, the
shapes of the transverse momentum spectra are very similar.

Only the A’s from neutron reactions show a slightly steeper
distribution [squares in Fig. @)]. Particularly striking is a
marked flattening of theA and A spectra beyondpt2
~1 GeV?/c? for 3~ interactions. These spectra are quite
well parametrized by an exponential functicto/dp?
cexp(—b-p) [solid lines in Figs. ) and Xd)], while a
thermal distribution of the forndo/dpZsm¥?. exp(—m/T)
cannot describe the ~ data over the wholpf range(dashed
lines).

Kinematic correlations between two strange baryons have
been studied before iA° decayg12—14, in pp interactions
at 360 GeV¢ [15], and more recently also in relativistic
Pb+Pb collisiong 16]. While the latter experiment analyzed
correlations at small relative momenta between two identical
baryons, the former ones focused on rapidity correlations of

A A pairs. The high statistics of strange particles recorded in
the present experiment allowed us to study for the first time
kinematic correlations between two identical strange baryons
or anti-baryons in hadron-nucleus interactions.

For the extraction of th A and A A pairs the same cri-
teria as those for the single strange hadrons were applied. In
addition it was required that the two hadrons have no track of
the decay products in common. On average the background
due to misidentifications did not exceed 20% of the coinci-
dent yield and was subtracted as described in R&f. The
number of events and the corresponding cross sections for
Xg>0 are listed in Table 1.

Figure 2a) shows thexg distribution of the twoA’s after
sorting with respect to theikg value. Due to the sorting
procedure, the fastek shows a hardexg distribution than
the slow one. If botl\’s were produced independently with
the same distributiodP(xg) o (1—xg)", the xg distribution
of the fast particle is given by
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FIG. 2. x¢ distribution of the fastopen pointsand slow(closed
squares A [(a) and(c)], respectivelyA (b) produced ir%,~ +C (a)
and(b) or n+C (c) reactions. The solid and dashed lines illustrate

the effect of sorting, the dotted and dot-dashed curves include in

Pi(Xg)=2N[(1—xg)"— (1—xg)*" "] (1a)
while the slow particles will be distributed as
Ps(Xp)=2N(1—xg)2"*1, (1b)

addition the effect of momentum conservation.

have independent and identicat distributions, the rear-

rangement with respect - is not sufficient to explain the

Calculations for the fast baryon according to Efja are
shown by the solid lines in Fig.(8). In these calculations the
parameten and the normalization constaNthave been ad-
justed to enclose theg distribution of the fasterA. The
correspondingg distributions of the sloweA [Eqg. (1b)] are
indicated by the two dashed curves. Clearly, if the tiis
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observed correlation.
In deriving Eq. (1) momentum conservation was ne-
glected. In order to demonstrate the importance of momen-
tum conservation we adopted a two-step scenario. First one
hyperon was generated according to a distributi®xg)
«(1—xg)" where xg was defined in the initial hadron-
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nucleon system. The second hyperon then was produced
from the remaining system, assuming again a distribution
P(Xg) =< (1—%g)" whereX: now was defined in the remain-
ing system, but the value af was the same for both hyper-
ons. Next the momenta of both hyperons were transformed
to the laboratory system and tlxg¢ values were calculated
and sorted as in the analysis of the experimental data. Finally
a cut at 260 Ge\WW was imposed on the individual momenta
and in addition the sum of the two laboratory momenta was
not allowed to exceed the beam momentum.

The results obtained imposing momentum conservation
are shown by the dotted curves for the fasterand the

dot-dashed curves for the slowar Obviously momentum 10 B ﬂ’*’_?_ —— FRITOF 3
conservation has little influence on tke distribution of the SRRV Y 1 e PYTHIA - 1
faster A. For the slowerA, however, momentum conserva- 0103 05 07 0103 05 o7
tion results in a significant depletion of events wiki X

>0.4. Momentum conservation—as implemented in our FIG. 3. Comparison of the measured inclusiteguares and
scenario—seems to account for the observed distribution dgfoincident(triangles xg distributions to predictions afHYTIA and

the slow A. The same analysis for twa’s produced in RT'OF

27"?“’909‘? interactions is displayed in Fighbg Here the still underpredicts theAA to A ratio by ~30% and theA
xg distributions of the slow as well as the fastare well  yjeld is overpredicted by a factor of 2.
described by an exponent=6-9. For such high values of = 14 conclude, the inclusivee spectra ofA’s and A’s and
n, momentum conservation can hqve very little effect. Fi-the shape of the, distributions suggest various competing
nally, Fig. 2c) shows thex; distributions for twoA’s pro-  processes for strange baryon production in hadron-induced
duced in neutron-induced interactions. Again the data indiinteractions. Thexg correlations between identical strange
cates that a deviation from the simple model of independengaryons signal different phase space distributions for coinci-
production and momentum conservation seems to be impogtent A’s within a single event. A schematic model demon-
tant to understand the joint probability distributions of two strates that this behavior may be related to momentum con-
A’s. servation during the formation proces®ITIOF calculations

In Fig. 3, we compare the measurggd distributions to  indicate the importance of multiple interactions in the target
calculations from the@YTHIA 5.7 [18] andFRiTIOF 7.02[19]  nucleus for understanding the hyperon multiplicity distribu-
models using default parameters. SimeeTIOF calculations tion and the hyperon pair production.

are not yet available for th& ~ projectile we present only This work was supported by the Bundesministeriuim fu
results forn+*C interactions. TheeyTHIA model (dashed Bildung, Wissenschaft, Forschung und Technologie, Ger-
lines) describes the data only qualitatively. The leading effectyany, ‘under Contract Nos. 05 5HD15I, 06 HD524I, and 06
for A production is too pronounced and the cross section fof1z5265. Y.A.A. and M.V.Z. were supported by the Deut-
doubleA production is severely underpredicted. Multiple in- sche Forschungsgemeinschaft, Contract No. 436 RUS 113/
teractions as, e.g., implementedrRITIOF seem to account 465, and by the Russian Foundation for Basic Research un-
for the missingAA yield (solid lineg. In addition we obtain  der Contract No. RFFI 98-02-04096. V.J.S. is supported by
a good description of th&g correlation. HoweveFRITIOF  the UK PPARC.
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