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πN → ηN CROSS SECTIONS AND THE INFLUENCE OF
BARYONIC RESONANCES∗
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We present a coupled channel meson exchange model for investigating
the structure of the N∗(1535) resonance and the coupling between πN and
ηN . The curvature of the differential πN → ηN cross sections calls for a
coupling between πN and ηN in the D13 partial wave.
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A strong coupling of the πN and ηN reaction channels near the ηN
threshold is observed in many hadronic reactions. Unfortunately, in contrast
to the πN partial wave amplitudes, very little is known about the πN → ηN
transition amplitudes. On one hand, the data for this transition is not very
accurate, on the other hand, microscopic models are missing.

The Jülich coupled channel πN/ηN/σN/π∆ model [1] provides a very
good description of the experimental πN amplitudes up to c.m. energies of
1600 MeV. The description of the S11 partial wave in terms of a threshold
effect due to the strong coupling to the ηN channel as well as a genuine
N∗(1535) resonance are discussed in Ref. [1]. Fig. 1 shows that the quanti-
tative description of the S11 partial wave around the ηN threshold needs a
genuine N∗(1535) resonance (solid line) which largely decays into ηN . Fur-
thermore, the slope of the πN → ηN cross section near threshold can only
be described correctly with the N∗(1535) resonance. This is demonstrated
by the dotted-dashed line in Fig. 1, calculated with reduced πN → ηN
coupling.

In our model, the inelasticity in the S11 partial wave is completely gen-
erated by a flux into the ηN channel. If we fit the πN observables, the

∗ Presented at the Meson’98 and Conference on the Structure of Meson, Baryon and
Nuclei, Cracow, Poland, May 26–June 2, 1998.

(3073)



3074 O. Krehl, S. Krewald, J. Speth

650.0 750.0 850.0 950.0

P
lab

  [MeV/c]

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5
σ

to
t [

m
b
]

  W. Deinet et al.

  F. Bulos et al.

  W. B. Richards et al.

  J.  Feltesse et al.

0.0

10.0

20.0

30.0

40.0

50.0

P
h

a
s
e

 s
h

if
t 

KA84

SM95

1.1 1.2 1.3 1.4 1.5 1.6

 �E
CM

 [GeV]

0.0
0.3
0.6
0.9

In
e
la

s
ti
c
it
y

S
11

Fig. 1. Total πN → ηN cross section. Solid line: with N∗(1535) resonance, dashed
line: without N∗(1535) resonance, dotted-dashed line: with N∗(1535) resonance
and reduced πN → ηN coupling.

πN → ηN cross section is overestimated by ≈ 25%. Therefore a simulta-
neous description of both processes is not possible in our restricted model-
space. The multichannel resonance model of Manley and Saleski [2] analyses
the πN/ππN system. They report, that ≈ 20 % of the inelastic S11 cross
section is generated by flux into ππN states. Although our model already
contains an effective description of ππN states (as σN and π∆ channels), it
turned out that the coupling of these channels to the πN S11 is very small,
because neither σN nor π∆ can be in a relative S-wave. The solution to
this problem is the additional coupling to the ρN channel which is not yet
included in the model. The ρN system can form a S11 state in coupling
to the πN S11. This coupling is large and leads to a considerable flux into
the ρN channel (treated in the same way as in [1] as effective description of
ππN). Work to include the ρN channel into the model is in progress.

We proceed the investigation of the πN → ηN transition by calculating
differential cross sections. In Fig. 2 the solid line is calculated with the model
reported in [1]. The resulting differential cross sections are dominated by
the S11 πN → ηN transition and therefore flat. A detailed investigation
of the partial wave decomposed differential cross sections shows, that only
the interference term between the S11 and P13 ±D13 leads to some sizable
angular dependencies. The P13 is dominated by t- and u-channel meson and
baryon exchange. Their strength is fixed by the background they provide to
the S11 transition amplitude. A possible mechanism to improve the model
is the inclusion of the N∗(1520) resonance. The couplings fN∗Nπ(η) are
estimated from the partial decay widths. We find couplings of similar size
(f2N∗Nπ ≈ f2N∗Nη ≈ 4π0.0006) when using ΓπN = 0.55ΓN∗ , ΓηN = 0.001ΓN∗

and ΓN∗(1520) ≈ 140MeV as suggested in Refs. [4, 5]. The drastic difference
between the N∗ → πN and N∗ → ηN branching ratios is therefore not an
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Fig. 2. Differential πN → ηN cross sections for different energies and J ≤ 3/2.
Solid line: without N∗(1520) resonance in the D13 partial wave, dotted-dashed
line: with N∗(1520) resonance. The data are taken from [3].

effect of very different coupling constants but a consequence of the strong
dependence on the on shell momentum (f2 ∼ q−5

π(η)Γπ(η)) and the nearby ηN
threshold.

The coupling of the N∗(1520) to the ηN channel now leads to a larger
πN → ηN partial wave amplitude D13. The additional coupling is such
that the values for both terms [P13±D13] are very similar. The interference
with the large S11 amplitude results in a sizable angular dependence in the
differential cross sections (dotted-dashed line in Fig. 2).

In summary we found the need for a genuine N∗(1535) resonance for the
qualitative description of the πN phase shifts in the S11. The overestimation
of the πN → ηN transitions is due to the missing flux into ππN states, which
are not yet included completely into the model — the ρN channel is missing.
The investigation of the differential cross section calls for the inclusion of
the N∗(1520) resonance which considerably influences the curvature of the
cross sections due to the interference of the S11 and P13/D13 transition
amplitudes.



3076 O. Krehl, S. Krewald, J. Speth

REFERENCES

[1] C. Schütz et al., Phys. Rev. C57, 1464 (1998).
[2] D.M. Manley, E.M. Saleski, Phys. Rev. D45, 4002 (1992).
[3] R.M. Brown et al., Nucl. Phys. B153, 89 (1979); W. Deinet et al., Nucl. Phys.

B11, 495 (1969); F. Bulos et al., Phys. Rev. 187, 1827 (1969); B.W. Richards
et al., Phys. Rev. D1, 10 (1970); J. Feltesse et al., Nucl. Phys. B93, 242
(1975).

[4] M. Batinic et al., Phys. Rev. C51, 2310 (1995) and lanl-preprint nucl-
th/9703023.

[5] T. Feuster, U. Mosel, lanl-preprint nucl-th/9708051.


