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Abstract

We present a study on hyperon/anti-hyperon production asymmetries in the framework of
the recombination model. The production asymmetries for AY/A°, == /Z+ and Q~/Qt are
studied as a function of zr. Predictions of the model are compared to preliminary data on
hyperon/anti-hyperon production asymmetries in 500 GeV /¢ 77 p interactions from the Fermi-
lab E791 experiment. The model predicts a growing asymmetry with the number of valence
quarks shared by the target and the produced hyperons in the zp < 0 region. In the positive
zp region, the model predicts constant asymmetries for A°/A° and Q~/Q*F production and a
growing asymmetry with zp for =7 /=Z%. We found a qualitatively good agreement between
the model predictions and data, showing that recombination is a competitive mechanism in the
hadronization process.
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I Introduction

In hadron interactions, the leading particle effect manifests as an enhancement in the production
rate of particles which share valence quarks with the initial hadrons. As a consequence of
the leading particle effect, strong asymmetries are expected in the zp (= 2pr/\/s) inclusive
differential cross sections for particles and anti-particles when the content of valence quarks
shared by the produced particle and anti-particle with the initial hadrons is different.

This effect has been extensively studied, from both the experimental [1] and theoretical [2, 3]
points of view in charm hadron production.

In the production of strange baryons, the same type of leading effects are expected. In-
deed, there is some evidence of asymmetries in AO/KO production in 7~ Cu interactions at 230
GeV/c [4] and in A°/A° and == /=t production in 250 GeV/c 7~ p interactions [5]. Some
additional evidence for A°/A° asymmetry can be found in Ref. [6], but, in general, hyperon pro-
duction asymmetries in 7~ p interactions were not systematically studied until recently, when the
Fermilab E791 experiment presented preliminary results on hyperon production in 7~ p inter-
actions at 500 GeV /¢ [7]. The E791 experiment has measured particle/anti-particle production
asymmetries in both the small 25 < 0 and zp > 0 regions for the A°/A%, == /=+ and Q= /07
hyperons.

The results obtained by the E791 experiment show a large asymmetry in the 2y < 0 region
for A9/AY production and a lower asymmetry, in the same region, for =~ /=% production. In
the zp > 0 region, an approximately constant asymmetry with xz is observed for == /2% and
A%/A® hyperons. The asymmetry measured for Q~/Q% production is approximately constant
in the whole —0.12 < zp < 0.12 region.

These results in the 2 < 0 region are consistent with the fact that A° hyperons share a ud
diquark whereas the =7s share a d quark with the target particles (protons and neutrons), so
a lower asymmetry is expected for the later since the A" is a double leading whereas the =~
is a leading particle. In the zp > 0 region, the == share a d quark with the initial 7—, being
a leading particle, while =T shares none. Then a growing asymmetry with zp is expected in
=~ /E7T production. The A® and A° each have one valence quark in common with the beam 7~
and, therefore, have equal enhancement i.e., no asymmetry is expected from this effect.

The Q= /QT hyperons are both non-leading in all the 2y regions studied and, consequently,
no asymmetry is expected in Q7 /QT production in 7~ p interactions.

Due to the smallness of the strange quark mass and the p2. values involved, hyperon produc-
tion can not be accounted for in the usual framework of perturbative QCD.

The recombination scheme, initially introduced by Das and Hwa [8], appears to be a possible
framework to deal with the non-perturbative QCD aspects involved in hadron and, in particular,
in hyperon production. Indeed, this type of model has been used succesfuly to describe charmed
particle/anti-particle asymmetries [3, 9] in hadroproduction.

In this work, we compare the predictions of a simple version of the recombination model on
hyperon/anti-hyperon production asymmetries with the preliminary results of the E791 experi-
ment. The good qualitative agreement found between model predictions and experimental data
even at small values of zp shows that it might be interesting to make efforts to improve the
outcome of the model.

II Hyperon production by recombination in 7~ p interactions

The recombination model was introduced long time ago by Das and Hwa [8] to describe meson
production in hadron-hadron collisions. A simple extension of the model was made by Ranft [10]
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to calculate baryon production. From those first attempts up to now, several modifications have
been introduced trying to improve the outcome of the model [11]. Nevertheless, the recombi-
nation model remains a simple approach to deal with some non-perturbative aspects of QCD
involved in hadron-hadron interactions.

The basic idea behind recombination is that the produced hadrons are formed from the
debris of the fragmented beam (in the forward region) or target (in the backward direction)
particles in such a way that partons initially in the incoming particles recombine into the final
hadrons. All that is needed to deal with the problem is to know the distribution of partonsin the
initial particles, which are measured in Deep Inelastic Scattering experiments, and the so-called
recombination function which will take into account all aspects involved in the recombination
of partons into a hadron. Of course, the recombination function has a phenomenological origin,
since no calculation from first principles is yet possible to obtain it.

For a generic hyperon H, the zp inclusive distribution in recombination is given by

2F  do"cc Vday das das 7
— = —F R 1
oree/sd|rr| /0 3 (21,22, 23) Ry (21, 22,23,7F) , (1)

EQC—z 3
where /s is the center of mass energy in the 77p — H 4 X reaction, £ is the energy of the
outgoing hyperon and 0" is a normalization constant. In eq. (1), F (21,25, 23) is the three-
quark distribution, which contains the distribution of valence quarks in the final particle inside
the beam or target hadrons, Rs (21,22, 23, 2F) is the recombination function and z;; ¢ = 1,2,3
is the momentum fraction of the i*" quark with respect to the initial particle.
Following the approach of Ref. [10], the three quark distribution function is assumed to be
of the form
Ff (21,22, 23) = Bg(a1, 22, 03) (1 — 21 — 25 — 23)7 (2)

where
g($17$27$3):Fq1 (xl)Fq2 (xQ)F% ($3) (3)

contains the single quark distribution, Fj, = z;¢;(2;), of the ¢; valence quark of the final hyperon
in the initial particle. Note that F}, includes valence as well as sea quark contributions from the
initial hadron. The coefficients 8 and v are fixed using the consistency condition

1—xz; l—zi—xy
F,(z;) = /0 dacj/o dxg F;I (21,22, %3)
,7,k=1,2,3 (4)

which must be valid for the valence quarks in the initial particle.
For the recombination function we use [13]

N1 72
(2123)"23? ¢
xnl—l—nQ—l

F

(wl +xo+ 23— wF) (5)

RS (xlv z2, $3) =«

allowing in this way a different weight for the heavier s () quark than for the light v () and d

(d) quarks.
The constant a in eq. (5) is fixed by the condition [14]

1 1 doree
d =1 6
orec /0 tr d$F ? ( )

rec

then ¢"¢¢ is the recombination cross section of the hyperon H in 77p — H + X in the forward

(zp > 0) or backward (zp < 0) region. ¢"° may be fixed from experimental data.
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Table 1: gy(@1,22,23) and gg(21, 22, 23) used in the calculation of asymmetries. ¢™ (¢") is the
quark (anti-quark) distribution in nucleons, ¢™ (¢™) is the quark (anti-quark) distribution in the
7~ . The individual parton distributions were taken from Ref. [12].

xp <0 0. <zp
_ gH(961,902,963) gﬁ[($179€2,9€3) gH(961,902,963) gﬁ[($179€2,9€3)
APJAY || u"(@1)d™(w2)s" (w3) | u"(w1)d" (22)s" (w3) || u™(@1)d"(22)s™ (w3) | U™ (21)d"(w2)5" (w3)
E/=t | d(wy)s" (wg)s" (x3) | d(w1)5"(22)8" (x3) || d™(21)s(x2)s™ (w3) | d"(x1)s" (w2)5™ (23)
Q= /QF || s"(w1)s"(x2)s™(w3) | §"(x1)8"(22)5"(x3) || s"(x1)s(w2)s™(x3) | 8" (21)5" (22)5™ (x3)

The asymmetry as a function of z g is defined by

dog/d|zp|—dog/d|rF]

A =
(@r) = oy T er T don fd[or]

where H is the Hyperon and H is the anti-Hyperon.
Replacing eq. (1), with eqs. (2) to (6), into eq. (7) for the hyperons and anti-hyperons we
obtain

P J s o 01,0, 0) 0 1,0

B a0 7 s o) 12
T3 = |$F| —T1 — X2 (8)

Alzp) =

with 0 = o /o the relative normalization between the hyperon and anti-hyperon distributions.
The delta function of eq. (5) has been used to do one of the integrals in eq. (8).

As in Ref. [13], we have used ny = 1, ng = 3/2 and v = —0.3 in our calculations.

In Figs. 1 and 2 we show the predictions of the recombination model compared to the E791
measurements. In order to obtain the theoretical curves shown in the figures, the asymmetry
as given by eq. (8) has been calculated for each zp region independently. In Table 1, the gp
and gz distributions used in each region and for each one of the produced hyperons and anti-
hyperons are displayed. The relative normalization between the particle and anti-particle g
distributions, o, has been chosen to fit the experimental data (See Table 2).

For Q= /Q7T production, since both hyperon and anti-hyperon are non-leading in the zp < 0
as well as in the zp > 0 regions, the recombination model predicts a constant asymmetry arising
only from the difference between the global normalization of the particle and anti-particle zp
distributions.

Table 2: Relative normalization, o, between hyperon and anti-hyperon cross sections

zp<0.]0.<a2p
AP/A° 3.5 0.8
== /2t 1.9 2.2
Q- /[ 0.85 0.85
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Figure 1: A%/A° (upper), == /=% Figure 2:  A9/A° (upper), == /=%
(middle) and Q= /Q7 (lower) asymme- (middle) and Q= /Q7F (lower) asymme-

tries as a function of zy in the nega- tries as a function of x g in the positive
tive z region. Full line is the predic- xp region. Full line is the prediction
tion from recombination model. Black from recombination model. Black dots
dots are the preliminary E791 results are the preliminary E791 results taken
taken from Ref. [7]. from Ref. [7].

IIT Conclusions

As can be seen in Figs. 1 and 2, the predictions of the recombination model agree qualitatively
well with the experimental data.

In the negative zp region, the growth of the asymmetry predicted by the model with the
number of valence quarks shared by the leading hyperons and the target particles is in a remark-
able agreement with the E791 data. In this region, the asymmetry as a function of z is also
qualitatively well described by the model. The agreement between data and model predictions
is better as |2 p| rises. This is possibly due to the fact that, at very low values of |zx|, other
mechanisms than recombination are competitive in the hadronization.

In the positive zp region, although the leading effect in =~ /=% production is qualitatively
accounted for by the model, in general, the agreement between data and recombination model
predictions is poorer than in the negative z region. Note, however, that the quark distributions
in pions are not as well known as in nucleons, being one of the possible causes of the discrepancies
between model prediction and data in this region.

The asymmetry predicted for Q7 /Q% production is constant over all the zp region under
study. This is consistent with the fact that the Q= and the QT are both non-leading particles
over the whole z region from —1 to 1.

In conclusion, the recombination model, although simple, is able to reproduce qualitatively
the behaviour of the experimental data on hyperon/anti-hyperon asymmetries, so it might be
possibly of interest to make efforts in order to improve the outcome of the model.

For a meaningful quantitative comparison between data and model predictions, however, the
individual inclusive zp distributions for leading and non-leading particles must be taken into
account.
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