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Abstract In an effective Lagrangian model we find that the N*(1535) resonance contribution might be

important to the interpretation of the present data of the pp — ppn’ and pn — d¢ reactions. The strong

coupling strength of N*(1535) ton’ and ¢ are indicated, and the possible implication to the intrinsic component

of N*(1535) is explored. These results may provide hints to the real origin of the OZI rule violation. It is

stressed that further measurements could be performed at the Cooling Storage Ring (CSR) at Lanzhou of

China.
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1 Introduction

Strange meson production processes in nucleon-
nucleon collisions have attracted considerable theo-
retical interest since high precision data have been
published in the past few years™ 2. The Cooler Syn-
chrotron (COSY) at Juelich and the Cooling Storage
Ring (CSR) at Lanzhou are in the same energy region,
and they can both provide accurate data on these
channels. This field is fascinating for its potential to
search for missing resonances and explore the proper-
ties of the known resonances. Besides, strange meson
production processes may provide information on the
strange components of the nucleon and deepen our
knowledge on the internal structure of nucleon. Fur-
thermore, for the short life time of hyperon, it is diffi-
cult to accumulate a large set of scattering events and
obtain accurate scattering parameters. Final state
interaction (FSI) in strange meson production can
supply us with assistant information on the meson-
hyperon interaction.

It is widely accepted that N*(1535) resonance is
dominant in the near threshold m production be-
cause of its large partial decay width of NN chan-
nel. Since the physically observed 1 and 11" mesons,
as the mixtures of the pseudoscalar octet and sin-
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glet, are both consist of a considerable amount of s§,
one can expect that N*(1535) resonance should also
dominate in the n’ production. In the phenomeno-
logical analysis N*(1535) is found to be important for
the near threshold A and ¢ production in nucleon-
nucleon collisions™ %, and also in the chiral dynam-
ics large couplings of N*(1535) to KA and KX have
also been indicated®™. These facts support the idea
that N*(1535) should couple strongly to the strange
mesons. Actually, the recent high-precision data of
the reaction yp — n'p obtained by the CLAS Col-
laboration suggest for the first time that both the
N*(1535) and N*(1710) resonances couple to the 'N
channel.

In an effective Lagrangian model, we have calcu-
lated the the total and differential cross sections of
the pp — ppn’ and pn — d¢ channels based on the
assumption the N*(1535) resonance is predominant.
Our results reproduce the data well and give further
evidence of the strong coupling of N*(1535) to strange
mesons.

2 Effective lagrangians

The Feynman diagrams of elementary N+ N —
N+N+Meson reaction are depicted in Fig. 1, and
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Fig. 1. Feynman diagram for NN — NNn/(¢).
Exchanged diagram should be included.

exchanged diagrams are also included. As to the
pn — dd channel, the final two nucleons merge to
form the deuteron. We use the commonly used inter-
action Lagrangians,

Lox = —igran N7 TN, (1)
Loxx = —igann NN, (2)
W R v —
Lonn = —gonn N (’YH‘FQ—U,Wa )T-p"”N, (3)
my
ErrNN* :igN*NnNF-ﬁN*+h.C.7 (4)
Lonn :igN*NnNnN*—I—h.C., (5)

Lonn: =igneno N5 ('y# — qg;j) 7-p*N*+h.c., (6)

Loyxn+ = igneny N N* +h.c., (7)

Lonne =ign-ne N7 ('Yu - qg_;f) ¢*N"+h.c. (8)

The coupling constants are taken as!* 7: g2 /4w =
14.4, giyn/4m = 0.4, g2 y/4m = 0.9, and k£ = 6.1.
The N*(1535)N7t, N*(1535)Nn and N*(1535)Np cou-
pling constants are determined from the experimen-
tally observed partial decay widths of the N*(1535)
resonance, and the coupling strength of N*(1535)Nn’
and N*(1535)N¢ are extracted from the data of pp —
ppn’ (¢) and TN — Nny'(d)* ™ as listed in Table 1.

Table 1. Relevant N*(1535) parameters.
channel branching ratio adopted ratio g2 /4
N7 0.35 - 0.55 0.45 0.033
Nn 0.45 - 0.60 0.53 0.28
Np — N7 0.02 £ 0.01 0.02 0.10
Nn/ — — 1.10
N¢ — — 0.13

At each vertex a relevant off-shell form factor is
used,

A2 _ m2 n
FNN(k2 ):< M M) ) (9)
0= R
with n =2 for for pNN vertex, and n =1 for all other
ones. The cut-off parameters A,, are adjusted to the

experimental data. The form factor for N*(1535) res-
onance, Fy-(q?), is taken as,
A4
A4 (2 = M3 (1555))?
with A4 = 2.0 GeV.
The usual forms of the propagators of the m, n,
p and N*(1535) are used and the enhancement factor
from pp final state interaction is factorized to be the

Jost function™ 7.

FN*(ff)

(10)

For the pn — dd reaction, the neutron-proton-

deuteron vertex is taken as'®,

158 (py ) (—iT,e4)iSk (p2) =

(27T)46 (plim—.jr> u(p1,51)0s(Qr)u(p2,s2), (11)

V2

with iSr(p) being the nucleon propagator and ¢, =
(p1 —p2)/2 the neutron-proton relative four momen-
tum. Qr= \/——qf is the deuteron internal momentum
and €/} is the polarization vector of the deuteron. We
neglect the D-state part of the deuteron wave func-
tion since it gives only a minor contribution, and the
S-state deuteron wave function ¢, (Qr) can be param-
eterized as the Hulthén wave function,

afB(a+pB) 1 1

2 oY ’ (12)
w(a—=p)? \Qr+o* Qh+p
with @ = 0.2316 fm~" and 8 = 1.268 fm~'. Then
we make the approximation that the dirac spinors

®s (QR) =

a(p1,s1) and (pa,s2) do not depend strongly on the
relative momentum ¢, since the deuteron wave func-
tion ¢,(Qr) decreases rapidly with increasing Qz'®.
The invariant amplitude can be calculated by
above prescription, and the integration over the phase
space can be performed by a Monte Carlo program.

3 The pp — pp1n’ reaction

In this channel, the cut-off parameters are de-
termined from the combined analysis to the NN —
NKX(A), pp — ppn and pp — ppn’ channels™ ™. Our
model agrees well with the measured data with A, =
1.05 GeV for NN, A, = 2.0 GeV for nNN, A, =
0.92 GeV for pNN and Ay = 0.8 GeV for MNR ver-
texes.

We get some similar conclusions to the pp — ppn
and pp — ppn’ reactions. In both channels, T-meson
exchange is dominant in the near threshold region
and the contribution from p- and 1-meson exchange
However, the relative contribution
of these mesons still varies from one model to other
due to the uncertainty of the coupling constants and
the adjustable cut-off parameters. The data of the

are very small.
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isospin and polarized reaction are helpful to set down
this problem.

The invariant mass spectrum of pp — ppn’ are
presented in Fig. 2, and the invariant mass distribu-
tions have similar structures to the pp — ppn, both of
which have a bump in S, distribution caused by the
pp FSI and a bump in S, distribution arising from
N*(1535) resonance. This comparability is confirmed
by the recent COSY-11 data’” measured at the ex-
cess energy of about 16 MeV, and gives support to
our assumption that N*(1535) resonance is dominant
in the near threshold 1" production.
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Fig. 2. Invariant mass spectrum for pp —
ppn’*?. The data are from Ref. [9] (a) and
Ref. [10] (b).
phase-space distribution.

The dashed curve is the pure

The angular distributions of the n’-meson in C.M.
system in Fig. 2(a), (b) show some structures, and
this is compared to the isotropic shape of those of
n-meson in the pp — ppn reaction. The underlying
reason for this difference is that N*(1535) is far be-
low the N threshold while it is very close to the NN
threshold.

4 The pn— dd¢ reaction

We found that A, = A, = 1.3 GeV and 4, = 1.6
GeV could give a nice reproduce fit to the data of
both pp — ppd and pn — d¢ reactions!™ 2.

As to the total cross section, the two-body phase

space behavior is dominant in the considered energy

of pn — d¢ channel. No near-threshold enhancement
is found and it indicates that ¢N interaction must
be weak. The 7- and p-meson exchange are found
to be important while n-meson exchange is negligi-
ble, and the contribution from p-meson exchange is
about three times larger than that of 7-meson. It
should be noted that nearly all the former calcula-
tions underestimated the data of total cross section,
though some of them only slightly.

As shown in Fig. 3, our calculated ¢-meson polar
angular distributions are compatible with the exper-
imental data and show obvious upward bending at
high excess energy. Since the measured angular de-
pendence are also compatible with an isotropic shape
within the given experimental uncertainties, nucleon
pole and ¢dprm-vertex may also have some minor con-

tribution.
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Fig. 3. Angular distributions of ¢ meson polar

angular in the overall c.m. system. The data
are from Ref. [13].

Though our analysis indicate some evidence of the
N*(1535) contribution, we have to admit that other
S11 resonance can also well fit the pn — d¢$ data by
choosing suitable model parameters, and the shape
of the given angular distributions are analogous to
those of N*(1535) for their same quantum numbers.
The clarification of this problem is left to the further
experimental and theoretical efforts.
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5 Discussion and summary

In summary, we have phenomenologically investi-
gated the role of the N*(1535) resonance in pp — ppn’
and pn — d¢ reactions near threshold, and gave a nice
reproduce to the experimental data with the domi-
nance of the N*(1535).

The strange meson production was closely re-
lated to the OZI rule violation™®, and varieties of
mechanisms were put forward to account for its ori-
gin. Based on our above analysis, the significant
N*(1535)Nn’ and N*(1535)N¢ coupling would be
enough to explain the enhancement in the n’- and ¢-
meson production in pN collisions and might be the
real origin of the OZI rule violation. Since N*(1535)
resonance tends to couple strongly to the strange me-
son, it is probable that its quark wave function has
large ss component. The role of the five-quark compo-
nents in N*(1535) resonance has been extensive dis-
cussed in the quark model™, and many of its prop-
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