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We evaluate the contribution of a JP= 2+ dibaryon resonance to the forward m d amplitude, taking into

account the fact that the deuteron is a loosely bound structure. Comparison with the data shows that these

are well compatible with a resonance in the S2, I = 1 5-N channel.

Remarkable structures have been observed in the experi-
mental values of the cross sections for proton-proton
scattering with polarized beam and target particles. ' In par-
ticular, remarkable behavior of some amplitudes is seen to
occur in the energy region close to the AN threshold
(Js = 2.15 GeV). A phase shift analysis of Hoshizaki and
a coupled channel (NN, N4, AA) analysis of the isospin-one
dibaryon system by Edwards and Thomas both indicate in-

dependently the existence of resonances in the 'D2 and I'3
partial waves at about 2.15 and 2.22 GeV, respectively. An
important output of the latter analysis consists in the result
that both resonances are strongly coupled to the 4N chan-
nel.

The strong NA interaction near threshold is expected to
have influence on observable quantities in vrd collisions at
intermediate energies. Such an interaction in the direct
channel is not included in conventional three-body calcula-
tions of the m d system, and its contribution must be
evaluated independently. Discrepancies still found ' in the
description of the md experiments may be due to contribu-
tions of this sort.

Several papers have dealt with the problem of adding the
contributions of dibaryon resonances to the basic md ampli-
tudes. In all of these cases an arbitrary phenomenological
md82 interaction is assumed for each resonance and each
appropriate angular momentum channel. The coupling
parameters are then adjusted so as to fit experiments and el-

iminate discrepancies in the best possible way. The success
of these attempts is not impressive, in spite of the arbitrari-
ness of the parameters. Among other observed difficulties,
it is seen that the energy dependence of the added contribu-
tions is not adequate.

In this Brief Report we describe the coupling of the md

system to the D2 dibaryon microscopically, taking into ac-
count the loosely bound structure of the deuteron by
evaluating the skeleton diagram of Fig. 1. This has as a
consequence that (i) the coupling constant of the m d82 ver-

tex is replaced by a function Fz(s ), whose very characteris-
tic s dependence is determined by the triangle diagram, and

(ii) the formation of the dibaryon resonance results from

the direct interaction of two baryons (NN or Nh). In the

present work we apply this model to the evaluation of the
forward m d elastic amplitude and show that the energy

dependence obtained may lead to an improvement in the
description of the experimental data in a wide energy inter-
val below and above the 'D2 resonance mass.

The main off-mass-shell effects in the diagram of Fig. 1

result from the rapidly varying denominators. Therefore, in
the evaluation of the integrals the terms in the numerators
have been extracted from the integrals at their on-mass-
shell values, whereas the complete variation of the denomi-
nators has been taken into account.

For the dNN vertex we neglect the D-wave contribution
and for the remaining S~ vertex we use a vertex function
which is a relativistic generalization of the Hulthen-wave
function (see Ref. 9). The 7rNA coupling is determined by

'the value of the b width. It turns out that the contributions
with two nucleons in the intermediate state (b replaced by
W in Fig. 1) are kinematically suppressed by a factor larger
than 20. This suppression has two reasons: (i) The triangle
diagram is enhanced near the threshold of an exterior in-
stability. (ii) The D wave threshold fa-ctor of the 'D2-NN
channel leads to a substantial reduction of the triangle dia-
gram. For the same reason the formation of intermediate
resonances with higher mass and higher angular momentum
is also suppressed. We thus concentrate on the contribution
of the possible 5-N resonance in the 'S2 partial wave.

The evaluation of the diagram of Fig. 1, especially the
treatment of the exterior instability, is very similar to that
given in Ref. 9. The contribution of diagram 1 to the spin
averaged J =2+ m-d forward scattering amplitude can be

8+ baekg

FIG. 1. Contributions of AN intermediate state interaction to md

elastic scattering. Kinematical factors strongly suppress the corre-
sponding diagrams with nucleons instead of deltas.
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H= 16 k E„
27 m am, Js 2m,

written in the form

f-d" (s) =H~~(~) T~N~N(s)/3k,
wher

where E and k are the total energy and momentum of the
pion in the md center-of-mass (c.m. ) system, and Zs is the
total c.m. energy. Fq(s) is an integral representation of the
triangle diagram after summation over internal spin degrees
of freedom:

~g(s) = 8mgmN
F [(d —

q )',q']
(2~)' (q' —mN) [(d —q) —mN][(d —q —m )' —mq+im, r, ]

TaNnN(&) = 2, +o'y
N7R S —lPlR I

(4)

with y and o. as free parameters.
Comparison with the experimental scattering amplitudes

requires that the contributions form the diagram of Fig. 1

be added to a background theoretical calculation in which
the intermediate state AN interaction is not taken into ac-
count. The theoretical calculations of md scattering ampli-
tudes are relatively reliable in the forward direction, related
to the total cross section by the optical theorem. For the to-
tal cross section at pion laboratory kinetic energies of 142,
180, and 256 MeV the solutions of relativistic Fadeev equa-
tions of Ref. 6 give o.T= 171, 233, and 146 mb, respective-
ly, while the expansion of the Fadeev amplitude in a multi-

where F[(d —q), q ] describes the deuteron vertex. The
instability of the b resonance is taken into account using the
complex mass mq = 1.211 —I 0.0499 GeV.

In order to test independently the significance of a
J~= 2+ resonance in the 4N system at a mass value
mR = 2.15 GeV and a width I" =0.10 GeV, we approximate
the 4N scattering amplitude by a Breit-Wigner J = 2+ reso-
nance plus a real constant background, which simulates the
combined effect of the nonresonant interaction in all partial
waves. Thus

I

pie scattering series as in Ref. 7 gives o-T=162, 229, and
142 mb, respectively.

Since many more energy points are covered in the calcula-
tions of Ref. 7 than in other calculations, we have made the
detailed analysis using "background" values obtained in
Ref. 7.

In Fig. 2 we display a comparison between experimental
and theoretical values of the total cross section. The dotted
curve represents the theoretical calculations' with multiple
scattering corrections, but without account of the intermedi-
ate state interaction in the direct channel; the solid curve
represents the theoretical calculation including the AN inter-
mediate state interaction of Eq. (1). The overall agreement
with experiment is now improved. The best choice for the
values for the parameters in Eq. (4) is

y = 0.82 GeV2, n = 3.46

The large background term n in Eq. (4) is necessary in

order to obtain a good fit, but the resonance term also is
essential: A fit with no resonance term, but a complex con-
stant background and the theoretical results of Ref. 7, yields
a X value which is nine times larger than that of a fit with a
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FIG. 2. Total charge averaged md cross section. The experimen-
tal points are from Ref. 10. The dotted line represents the conven-
tional calculation of Ref. 7. The full line represents the theoretical
calculation including the correction due to the interaction in the 5-
N intermediate state.

FIG. 3. Real part of the spin-averaged md forward scattering am-
plitude. The full line represents the results obtained from experi-
mental data (Ref. 10). The dotted line shows the theoretical back-
ground, and the dashed line includes the corrections aLready men-
tioned in the caption for Fig. 2.
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resonance term plus a real constant background.
The inclusion of the same intermediate AN state interac-

tion also significantly improves the agreement with the real
part of the 7rd forward scattering amplitude (see Fig. 3).

If we add the intermediate state b N interaction to the cal-
culated cross section of Ref. 6, agreement with experiment
can be improved also. In that case the optimal parameters
are

'ypdN(mR) mRI PEN ~ (6)

where paN(ms) is the phase space factor of the XA system
at the value of the resonance mass. Inserting the complex
mass for the 4 and using

paN(s) = Re([s —(ms+ mN) +i I'q(mq+ mN) ]

x [s —(mq —mN) + i I'q(ms —mN)) '

y = 0.60 GeV, ot = 2

The constant y in Eq. (4) can be related to the partial de-
cay width of the J = 2+ resonance into a N and a 5 by

we obtain a width of about 50 MeV, which rests well in the
range obtained in the coupled channel analysis for NN and
NN NA scattering.

The partial decay width into the ~d system, evaluated by
taking the vertex function at a resonance mass of
(2.15+ i0.06) GeV turns out to be about 10 MeV. It can
hardly be compared with the parameters of Ref. 8 due to
the strong energy dependence of the vertex function.

We may conclude that a J =2+ resonance at 2.15 GeV,
coupled strongly to the 4N channel, will have a small but
characteristic direct influence on the md forward scattering.
The present analysis shows that the data are certainly com-
patible with such a resonance. According to the confidence
in the theoretical calculations of Refs. 6 and 7, one may
even interpret our results as an independent indication for
such a resonance in the AN channel.
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