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Some features of the NN final state interaction (FSI) and its role in
near-threshold meson production in NN collisions are investigated using
realistic NN potentials. It is shown that the FSI effects should not be
factorized from the production amplitude. The issue of the universality of
the NN FSI for the production of mesons with different masses is discussed.

PACS numbers: 13.60.Le, 14.40.-n

The total amplitude for the meson-production reaction pp — ppz, in-
cluding a final state interaction (FSI) between the outgoing nucleons, can
be determined from the DWBA expression

M = Agi‘lod + Agf‘fodGUTNN ) (1)

where the term on the very r.h.s. implies an integration over the off-shell
production amplitude A and the off-shell NN T-matrix. Since meson pro-
duction in NN collisions requires a large momentum transfer between the
initial and final nucleons one expects that the range of the production inter-
action will be much smaller than the characteristic range of the NN interac-
tion in the final state. Goldberger and Watson argued that in such a case the
meson can be considered to be produced practically from a point like region
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so that the production amplitude can be factored out of the integral [1], i.e.

M= A%+ A (GoTyn ~ APoall + GoTwn] = AZapy ) (0). (2)

Here Q/J,(c_) (7) is the N N scattering wave function [1], where 1/’1(;) (0) is related

to the Jost function J via z/;,(;)*(o) = J Y(—k) [1]. Obviously Eq. (2)
suggests that FSI effects can be reduced to a mere multiplicative factor
| w,(;)*(O) |2 (commonly referred to as enhancement factor). In particular,
it implies that FSI effects are universal, i.e. do not depend on the specific
meson produced.

We have studied several aspects of NN FSI effects [2] and we want
to present some of the results here. Specifically, we want to discuss the
validity of the multiplication prescription Eq. (2) that has been utilized by
several authors [3-7] in their studies of meson production. We examine the
influence of the NN FSI on the absolute value of the reaction amplitude by
employing different models of the NN interaction and a simple but realistic
one-boson-exchange (OBE) model for the elementary production amplitude.
Furthermore we look at the dependence of the FSI effects on the mass of the
produced meson.
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Fig. 1. Real part of the NN 1Sy T-matrix as a function of the off-shell momentum
g calculated at the fixed on-shell momentum &k = 10 MeV /c.

For the NN interaction we consider the Paris potential and a simple sep-
arable Yamaguchi potential. The latter has been employed in, e.g., Ref. 3]
and therefore it is interesting to see how the results based on this model com-
pare with the ones for a realistic interaction model like the Paris potential.
Both models yield comparable results for the phase shifts at energies close to
the threshold. However, the off-shell behavior of the T-matrix for the Yam-
aguchi potential is rather different from the one of the Paris NN potential.
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This can be seen from Fig. 1 where we compare the off-shell properties of
the Paris NN model with the one of the Yamaguchi potential for the 1S
partial wave. The most striking difference is definitely the zero crossing of
the T-matrix that occurs for realistic potential models at off-shell momenta
g =~ 350 MeV /c whereas the one of the Yamaguchi potential never changes
sign.

For the calculation of the loop integral on the r.h.s. of Eq. (1) we need
to specify a model for the production amplitude. We assume that it has the
form

g+ AuN—aN
Ayoq = L ApNoaN 3
prod t—m2 3)

which corresponds to the exchange of a scalar meson p of mass m, in the
t-channel followed by the production of a meson z in a rescattering pro-
cess. The corresponding diagram is shown in Fig. 2(a). The coupling g at
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Fig. 2. Diagrammatic representation of the graphs included in our calculation

the NNy vertex and the amplitude A,n_,;n are assumed to be constants.
Furthermore, for simplicity reasons, we use non-relativistic kinematic for
the intermediate nucleons. The total reaction amplitude for this production
model is then given by the sum of the two diagrams of Fig. 2. For the
kinematics at the production threshold we obtain

g'AuN—mN 7
= J LuNoaN gk 4
SISy, (@
where
2 2 2
m my 2 m T m 2
= Dz N2 My
TS e (T2 4 Tmy e

¥ (k) is given by the expression

w(k) =1

mmx[mmg +m2] [ dgq Tyn(g, k) 1 [(q +1)2 4+ X2

- Vmmg +m2 /4 / [¢? — k2 — 0]
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The function Fyy =| ¥(k) |?, shown in Fig. 3 for the two considered
NN models and for some typical masses of the emitted meson z, is the
equivalent of the FSI enhancement factor that follows from the factorization
assumption Eq. (2). We want to emphasize however, that, unlike 1/1,(;)* (0)
in Eq. (2), ¥(k) includes now also information on the production amplitude.
(Note that the Coulomb interaction between the nucleons is included in the
presented results, ¢f. Ref. [2].) It can be seen from those figures that the FSI
factors Fyn resulting for the Yamaguchi potential are strongly at variance
with those obtained for a realistic NN interaction. They are much larger
and they also make believe that there is only a weak dependence on the
mass of the produced meson. These differences are due to the properties of
the corresponding off-shell T-matrices (¢f. Fig. 1) as discussed in detail in

Ref. [2].
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Fig.3. The FSI factor F,, =| ¥(k) |? calculated for different NN potential models
and for the production of different mesons as a function of the pp on-shell momen-

tum k.

Thus, it is obvious that the NN FSI can not be factorized from the pro-
duction amplitude if one wants to obtain reliable quantitative predictons.
The absolute value of the FSI factor Fiyny depends on the momentum trans-
fer, i.e. on the mass of the produced meson. It is, in general, not universal!
Only for large momentum transfers, i.e. for the production of heavy mesons,
the FSI factor is getting independent of the mass of the produced meson.
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