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pp = == reaction in the meson exchange picture
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The strangeness production process pp —+== is investigated in a meson exchange model and a full

coupled channel treatment. Results for cross sections, polarizations, and singlet fractions are presented
and compared with those obtained from quark-gluon models. Characteristic differences occur in the
{pp~= = )/(pp —+= = ) cross section ratios.

PACS number(s): 25.43.+ t, 13.75.Cs, 21.30.+y

The proposed SuperLEAR facility at CERN promises
access to a great variety of new physics [1]. One particu-
lar class of reactions that could be studied are processes
of the kind pp~HH, where H can be any strange or
charmed hadron [2]. An interesting case is the produc-
tion of a == pair which has its threshold at around 2.62
Q Ve/c, i.e., at the lower-energy range covered by the Su-
perLEAR proposal.

The = particles [:" (1314.5), :- (1321.32)] are located
at the lower corners of the SU(3) J=

—,
'+ baryon octet and

therefore a change in strangeness of AS =2 is required in
their production in NN collisions. In the constituent
quark model this means that two of the quarks in each in-
itial hadron have to annihilate, cf. Fig. 1, whereas in the
meson-exchange picture two mesons carrying strangeness
have to be exchanged (Fig. 2). Such processes can take
place only at rather short distances and it is therefore be-
lieved that the pp —+== reaction is a much better place
for establishing the relevance of quark-gluon degrees of
freedom in the strangeness production process than
pp —+AA or pp~AX, X A, say, which require only a
change in strangeness by one unit. Furthermore, the
pp ~== process could be also very useful for testing fun-
damental symmetries such as CI' violation in hyperon de-

cay [1].
The lack of accurate data together with the (aforemen-

tioned) more complicated transition mechanism has so
far curtailed the pp —+== process from having wider at-
tention from the theorists. In fact, we are aware of only
two pertinent calculations, both based on quark-gluon
dynamics [3—5]. Therefore, in this work, we want to
present results of a first exploratory investigation of the
pp~== transition in the framework of conventional
meson exchange. It is an extension of our recently pub-
lished coupled channel model for antihygeron-hyperon
production, where pp —+AA, pp~AX, X A, as well as
pp ~XX transitions have been considered [6,7].

In the meson-exchange picture the interactions of
baryons and antibaryons are related via G parity and/or
charge conjugation. Such relations have been used exten-
sively in Refs. [6,7] to constrain the interaction forces in
and between the various considered channels
(NN, AA, AX, XA, XX) as much as possible. To be more
specific, the elastic part of the NN interaction has been
obtained from an energy-independent one-boson-
exchange (OBE) version (OBEPF of Ref. [8]) of the Bonn
NN potential [9], while the (elastic part of the) diagonal
YY interactions as well as YY~ YY and NN ~YY transi-
tions have been derived from the hyperon-nucleon model
A of Ref. [10]. Thereby, in general, coupling constants
but also form factors at the baryon-baryon-meson ver-
tices have been kept exactly the same as in the XN and

(o) (b)
FIG. 1. The pp~== transition in the constituent-quark

model. {a) Double annihilation of quarks as considered in Ref.
[5]. (b) Annihilation of a diquark as studied by Kroll and co-
workers [3,4].
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FIG. 2. The Pp —+== transition in the meson exchange pic-
ture. F stands for A and X. (a) Iterative box diagrams included
in our model calculation. (b) Some noniterative contributions.
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hyperon-nucleon sector. The annihilation part of both
the NN and (diagonal) YY interactions has been
parametrized by means of a spin-dependent, isospin- and
energy-independent optical potential. For XN the
strength parameters and range have been determined in-
dependently by a fit to the empirical pp ~pp and pp —+nn
cross sections in the relevant energy range. The corre-
sponding parameters occurring in the annihilation part of
the various YY interactions have been determined by a fit
to the existing pp~AA, pp —+AX, X A, and pp —+X+X+
cross sections [6,7].

For the extension to the "= channel the situation is
somewhat different. Firstly the now-required additional
vertices do not occur in our hyperon-nucleon model [10]
because the = does not couple directly to the nucleon.
Still the coupling constants at the various = vertices fol-
low from the same SU(3) relations, which have been used
already in Ref. [10] to determine the hyperon-nucleon
coupling strengths. [An exception constitutes the ==o.
coupling, since in the Bonn-Julich hyperon-nucleon mod-
el the 0. stands for the correlated ~~ s-wave interaction
and is neither considered to be an SU(3) singlet nor a
member of the 0+-meson octet. The value for the cou-
pling constant used in our calculations is roughly the
same as for the XXo coupling. ] However, we have no in-
formation about the corresponding cutoff masses.
Secondly, no reliable experiments are available, which
would allow us to constrain the free parameters of the an-
nihilation part of the "" interaction.

As far as the cutoff masses are concerned we decided to
take values from corresponding nucleon-hyperon-meson
and hyperon-hyperon-meson vertices. Such a choice ac-
tually suggests itself, since in most cases those cutoff
masses at particular meson vertices are very similar or
even identical (cf. Table 3a of Ref. [10]). Moreover, test
calculations showed that the results are not too sensitive
to moderate variations of those cutoff masses. For exam-
ple, using a cutoff of 1.2 GeV instead of 2.0 GeV at the
:-AK vertex resulted only in a 5% change of the total
pp —+== cross sections. The parameters used at the vari-
ous = vertices are listed in Table I.

The choice of the == annihilation part is certainly
more crucial. Here we adopt the parameters found for
the XX channel in Ref. [7]. Employing the parameter
sets of the AA or AX, XA annihilation parts would lead,

TABLE I. Coupling constants and cutoff masses at the = ver-
tices. The coupling constants are obtained from SU(3) relations
with g~~ /&4vr=3. 795, g~~~/&4m. =0.9I7, and f~~ /&4m.
=5.591 and the F!(F+D ) ratios a~, =2/5, a', = 1, and

a, =2/5.

in fact, to an enhancement of the pp ~== cross sections
of up to 50%%uo. Since in those cases most of the additional
contributions come, however, from a peak at the very
backward region, where we expect the differential cross
section to be rather smooth, as is the case for pp~AA
and pp~AX, X A [6,7], we consider those particular
choices for the == annihilation part as not very realistic.

The basic transition mechanism for pp —+==, generat-
ed by our coupled channel model, is depicted in Fig. 2(a).
As in our former pp~ YY studies [6,7] we did not take
into account other (noniterative) two-meson exchange di-
agrams such as those shown in Fig. 2(b) in this explorato-
ry investigation. The importance of such processes
remains to be investigated. The present calculation is
done in the isospin basis. The reproduction of the empir-
ical thresholds for pp~= " as well as pp~= " is en-
sured by using either the = or the = mass in the corre-
sponding calculations.

Results for the total cross sections are shown in Fig. 3.
Note that the experimental values represent only upper
bounds for the cross sections, deduced from an experi-
ment where actually no pp~= = or pp~= = events
were detected [11]. Differential cross sections and polar-
izations at p&,b =2.7 GeV/c are depicted in Figs. 4 and 5.
For pp ~" = we observe a marked forward peak of the
differential cross section as it is known also from other
pp~ YY reactions [6,7]. The result for pp~= = on
the other hand is relatively Aat. It is similar to the one
for the pp~X X transition [7] which, like pp~==,
can occur only in a two-step process. It is interesting
that also the quark-gluon transition model of Kroll,
Quadder, and Schweiger predicts rather flat differential
cross sections for such two-step processes [4].

The singlet fraction F, = —,'(1 —(o „err)) h-as. been

very useful in studying the characteristics of pp ~YY re-
actions. For example, it has been found that the pp ~AA
reaction takes place primarily in triplet states [12,6]. The
same seems to be true also for pp~XX [7]. The
pp —+AX, X A process, on the other hand, involves
significant contributions also from singlet states [7]. For
pp~= = (:-:- ) the angle-averaged value for F, (at 2.7
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FIG. 3. Total pp~= " (solid line) and pp —+= = (dashed
line) cross sections as predicted by our coupled-channel model.
The experiment is an upper bound for pp~" " taken from
Ref. [11].
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FIG. 4. DiQ'erential cross sections for the Pp~== processes
at pI,„=2.7 GeV/c. Same description of the curves as in Fig. 3.

FIG. 5. :" polarization for the pp ~== processes at p&,b =2.7
GeV/c. Same description of the curves as in Fig. 3.

GeV/c ) turns out to be 0.38 (0.20), which roughly corre-
sponds to an equal population of spin singlet and spin
triplet final states, similar to pp ~AX, X A. A difference
occurs, however, in the angular dependence: In the latter
reaction the singlet fraction is nearly independent of the
scattering angle; now it is almost zero in forward direc-
tion, i.e., the =" pair is produced predominantly in trip-
let states, whereas the backward region is dominated by
singlet transitions.

Since in our model the pp ~"= reaction can proceed
via AA, AX, XA as well as XX intermediate states the
question arises whether any of those transition channels
is dominant. Therefore we carried out further calcula-
tions where we switched off all but one of the YY~:-:-
transitions. We found that all transitions are of compara-
ble magnitude with pp —+AA —+== being the largest one.
Furthermore, we noticed that there are considerable can-
cellations between the contribution from the various
pp ~YY~:-:- transitions. These cancellations affect
mostly the triplet states, which explains why the singlet
fraction for pp ~== is relatively large.

Let us now compare our results with two model calcu-
lations based on quark-gluon dynamics. The work of
Genz and collaborators [5] is based on the transition
mechanism shown in Fig. 1(a), i.e., the double annihila-
tion of quarks. The annihilation is parametrized either
by an intermediate gluon (gl) or [vector (v) or pseudovec-

tor (ps)] meson states. The model of Kroll and co-
workers [3,4] builds on the assumption that two of the
three quarks in the hadrons form a quasibound state, a
so-called diquark, which then acts as an elementary parti-
cle. The "= pair is then produced by the annihilation of
such a diquark via an intermediate gluon [cf. Fig. 1(b)].
Cross-section predictions obtained by these authors are
listed in Table II together with our values and some ex-
periments [11,13].

The results from the meson-exchange model are, in
general, substantially smaller compared to those derived
from the constituent quark model (with the exception of
the ps model of Ref. [5]). However, we do not believe
that this difference is necessarily inherent to the different
transition dynamics. The reason is that in the quark-
model calculations initial- and Anal-state interactions
have been neglected. In particular, the latter should be
very important for the beam momenta considered here
(since the kinetic energy in the == system is small) and
may reduce the quark model results by even an order of
magnitude, as demonstrated by Kohno and Weise for
pp ~AA [14].

There are further remarkable differences: The
pp~= = and pp~= = cross sections obtained with
our meson exchange model are of comparable size with
the latter being somewhat smaller, a result that proved to
be rather stable against the choice of parameters. In the

TABLE II. Total cross sections (in pb) for the pp~" = and pp~= = reactions.

p»b Present Kroll, Quadder,
(GeV/c) work and Schweiger [4]

(benz, Nowakowski, and Woitschitzky [5]
gl v ps

Expt.

2.7
3.0
3.5

0.16
0.34
0.76

2.61
4.95
6.02

pp ~-"

7.4
8.6

1.9
2.3

0.01
0.01

+ 1.8'
2+1
(1b

2.7
3.0
3.5

0.23
0.53
1.03

0.95
1.65
1.84

pp~= =

3.8
4.4

1.0
1.2

0.05
0.06

'Reference [11].
Reference [13].
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constituent quark model, on the other hand, the
pp~" = cross sections are predicted to be larger —in
fact, even by a factor 2 to 3. As a consequence some
quark model predictions for pp ~= " considerably
overshoot the sparse experimental evidence (cf. Table II).
In those transition models derived from quark-gluon dy-
namics the ratio of:-:- to " " production is essen-
tially determined by the overlap of the SU(6) spin-ffavor
wave functions. Therefore, the difference in this ratio
may indeed by characteristic for the specific transition
scenario.

Table II also shows that the production cross sections
are very sensitive to the quantum numbers attributed to
the (quark) annihilation vertex. The results for an inter-
mediate pseudoscalar meson are, e.g. , about 2 orders of
magnitude smaller than the others.

Finally we want to point out that at the present state
our meson-exchange approach and the two models based
on quark-gluon dynamics, respectively, have rather com-
plementary character. In the latter it is assumed that the

:-:- pair production is governed by direct transitions as
shown in Fig. 1. Other possible transition mechanisms
such as, e.g. , consecutive single-quark annihilation with
intermediate (AA, etc.) states are completely neglected
(as are all eff'ects from initial- and final-state distortions).
Such two-step processes provide, however, the basic tran-
sition mechanism in our meson-exchange model. On the
other hand, as mentioned above, we did not take into ac-
count possible noniterative two-meson exchange transi-
tions such as those shown in Fig. 2(b). Indeed these pro-
cesses may roughly correspond to the direct transitions
considered in the constituent quark model.
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