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Study Nucleon Resonances ⇔ Test Hadron Models

Photoexcitation of Nucleons
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m(LPm) : pseudoscalar meson
N∗(JPN∗) : definite P, J

Vhadr : Isospin Conservation
Velm : Isospin Violation

I Decompose IS, FS into Multipole Components

I Isospin Filter: η (I = I3 = 0)⇒ only I = 1/2 N∗ possible
I Isoscalar (∆I = 0) and Isovector (∆I = 0,±1) components of
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Isospin Amplitudes

η (Isoscalar):

A(γp → ηp) = AIS + AIV

A(γn→ ηn) = AIS − AIV

π (Isovector):
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I Neutron measurement required for complete multipole
decomposition
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Measurements on the Neutron - Deuterium

I no free neutron targets âlight nuclei, i.e. deuterium

I nuclear Fermi motion âkinematical reconstruction
W 2

B = (Pγ + PN,i )
2 = 2EγmN + m2

N ⇒ W 2
R = (Pη + PN,f )2

I N-N/m-N Final State Interactions âfree ⇔ quasi-free protons

10
2
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σ
[µ

b
]

p(γ,π
o
)p

d(γ,π
o
)X

E
γ
[MeV]

inclusive measurement γd → Xπ0

I agreement in ∆ region

I suppression at higher energies

I γd → dπ0 negligible at these energies

I problem with neutron models?

I large FSI?

I both?

B. Krusche et al., Eur.Phys.J. A6 (1999) 309-324 MAID  SAID
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Experimental Setup

A2 @ MAMI
• Continuous beam
• Eγ ≤ 1.6 GeV
• CB: 672 NaI
• TAPS: BaF2 & PbWO4

• PID

CBELSA/TAPS @ ELSA
• Quasi-continuous beam
• Eγ ≤ 3.2 GeV
• CBB: 1230 CsI
• MiniTAPS: 216 BaF2

• Inner Detector

Crystal Ball

TAPS

Crystal Barrel MiniTAPS

PID

Forward Plug
Inner Detector

Crystal Ball

TAPS

Crystal Barrel MiniTAPS

PID

Forward Plug
Inner Detector
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Tagger and Targets

Bremsstrahlungs Tagging

Eγ = E0 − E ′

Unpolarised Target

I liquid deuterium

Polarised Target

I deuterated Butanol
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Single π0
©γd → p(n)π0 4γd → n(p)π0 Nγn → nπ0 SAID MAID BnGa

BnGa refit

q
u

as
i-

fr
ee

pr
ot

on
/n

eu
tr

on

W [MeV]
1400 1600 1800

b
]

µ
 [

σ

0

10

20

30

40

50

60

70

80

W [MeV]
1400 1600 1800

p
σ/

n
σ

0.4

0.6

0.8

1

1.2

1.4

1.6

W [MeV]
1400 1600 1800

b
]

µ
 [

σ

0

10

20

30

40

50

60

70

80

W [MeV]
1400 1600 1800

p
σ/

n
σ

0.4

0.6

0.8

1

1.2

1.4

1.6

”f
re

e”
n

eu
tr

on

MAMI, M. Dieterle et al., Phys. Rev. Lett. 112, 142001
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Single π0 - Impact of the Data M. Dieterle et al., Phys. Rev. Lett. 112, 142001

I = 3/2 I = 1/2
∆ N∗
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I small changes for I = 3/2 low order resonant partial waves
(fixed from γp → pπ0)

I drastic changes in I = 1/2 P11(1440), D13(1700) (photon coupling
changes sign) and non-resonant background contributions from u−
and t−channel (mostly t-channel, i.e. vector-meson exchange)

9/22 E in η, π0 and 2π0 Photoproduction off Protons and Neutrons Manuel Dieterle



Outline Motivation Experimental Setup Total Cross Sections Polarization Observable E Summary

2π0 - Access to higher lying Resonances

N*, ∆

N(938)
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N* ∆

∆
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ππ πη

ρ σπ

π
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Proton MAID Neutron MAID

I Proton: D13, F15 dominate

I Neutron: D13, D15 dominate
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2π0
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MAMI, M. Dieterle, M. Oberle et al., in preparation
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2π0
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η Photoproduction
D. Werthmüller, L. Witthauer et al., Phys. Rev. Lett. 111, 232001

L. Witthauer et al., Eur. Phys. J. A 49 (2013) 154
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⇒ Nuclear Effect (FSI, meson rescattering) unlikely
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Unpolarized Results: Summary

I Neutron Data increasingly available

I Effects from Fermi motion can be handled (experimental
resolution remains)

I Effects from FSI can be investigated with free to quasi-free
proton results

⇒ use polarization observables to identify amplitudes and
quantum numbers
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Polarization Observables
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Double Polarization Observable E
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Motivation

Baryonen-
spektroskopie
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Experiment

Aufbau

Datenselektion
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Weitere DPG-Beiträge zu Polarisationsobservablen an CBELSA/TAPS:

HK 52.6 Do. 18:15 Marcus Grüner (G in ⇡0)

HK 52.7 Do. 18:30 Vahe Sokhoyan (⌃ in ⇡0⇡0)

HK 52.8 Do. 18:45 Damian-Maria Piontek (E in ⇡0⇡0)
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Weitere DPG-Beiträge zu Polarisationsobservablen an CBELSA/TAPS:

HK 52.6 Do. 18:15 Marcus Grüner (G in ⇡0)
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Double Polarization Observable E

I @ polarized deuterium ⇒ dButanol: C4D9OD

I 2 ways to measure E:

w/o carbon
subtraction:

E =
σ1/2 − σ3/2

2σtot

with carbon
subtraction:

E =
σ1/2 − σ3/2

σ1/2 + σ3/2
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Carbon Subtraction (η) + dButanol  Carbon  LD2  LD2 + Carbon

η
→

2
γ
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π0 Helicity Asymmetries • direct 4 sum  SAID  MAID  BnGa
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2π0 Helicity Asymmetries • direct 4 sum F ELSA BnGa MAID
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η Helicity Asymmetries ◦ direct •sum MAID BnGa
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η Helicity Asymmetries ◦ direct •sum MAID BnGa
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Summary

I Neutron Data increasingly available

I Effects from Fermi motion can be handled (experimental
resolution remains)

I Effects from FSI can be investigated with free to quasi-free
proton results

I measured E for:
I γp(n)→ ηp(n) and γn(p)→ ηn(p)
I γp(n)→ π0p(n) and γn(p)→ π0p(n)
I γp(n)→ 2π0p(n) and γn(p)→ 2π0n(p)

I η bump only in σ1/2: S11, P11 resonance?

I new input for theoretical models!
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Correct Final State Effects © free/quasi-free  correction factor
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

Correct Final State Effects ©γp → pπ0 SAID

I assume similar effects for
γp(n)→ p(n)π0 as for
γn(p)→ n(p)π0

I correction factor from
(γp → pπ0)/
(γp(n)→ p(n)π0)

I apply to quasi-free neutron
data
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

π0 Cross Sections © γp → pπ0 4 γn → nπ0 SAID-p MAID-p BnGa-p
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

π0 Cross Sections © γp → pπ0 4 γn → nπ0 SAID-p MAID-p BnGa-p
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

Analysis Cross Check - QF-Inclusive
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I compare qf-inclusive cross
section with sum of proton and
neutron cross sections
(γn→ nπ0) + (γp → pπ0) ≈
γN → (N)π0

I good agreement between two
reconstructions

I good agreement with former
data

I nucleon identification/detection
under control
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

Free Cross Sections Nγn → nπ0 SAID MAID BnGa

BnGa refit
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

Free Cross Sections Nγn → nπ0 SAID MAID BnGa BnGa refit
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

π0 Carbon Subtraction + dButanol  Carbon  LD2  LD2 + Carbon
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

π0p - d(σ1/2 − σ3/2)/dΩ • direct 4 sum  SAID  MAID  BnGa
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

π0p - dE/dΩ • direct 4 sum  SAID  MAID  BnGa
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

π0p - dσ1/2/dΩ • direct 4 sum  SAID  MAID  BnGa
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

π0p - dσ3/2/dΩ • direct 4 sum  SAID  MAID  BnGa
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

π0n - d(σ1/2 − σ3/2)/dΩ • direct 4 sum  SAID  MAID  BnGa
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

π0n - dE/dΩ • direct 4 sum  SAID  MAID  BnGa
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

π0n - dσ1/2/dΩ • direct 4 sum  SAID  MAID  BnGa
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

π0n - dσ3/2/dΩ • direct 4 sum  SAID  MAID  BnGa
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

Reaction Identification

γ + p(n)→ 2π0(→ 4γ)+p(n)

Reaction Requirement: exclusive inclusive

on Proton 4 neutral (2π0) 4 neutral
1 charged (p) 1(0) charged

on Neutron 5 neutral (2π0 + n) 5(4) neutral
0 charged 0 charged

χ2−test: Reconstruct the 2π0 out of the neutral particles
(on Neutron: Remaining neutral hit is the Neutron candidate)
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

Pulse Shape Analysis (PSA) (Remove wrong candidates)

Photons: 3σ cut

Nucleons: exclusion
zones 85− 380 MeV
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

Reaction Identification

Coplanarity Missing Mass
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∆φ = 360◦ − |φ2π0 − φN | ∆M = |PBeam + PN − P2π0 | −mN
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

Coplanarity Cut + LD2  MC signal  MC bg  MC total  2σ cut
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

Missing Mass + LD2  MC signal  MC bg  MC total  2σ cut
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

Final Invariant Mass +LD2  MC proton  MC neutron  [110, 160] MeV cut
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

Sequential Decays + Data  Phase Space  ∆0(1232)  Sum
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

2π0 Photoproduction ◦Proton ◦Neutron
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

Coplanarity Cut ◦ dButanol + LD2  MC signal  MC bg  MC total  2σ cut
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

Missing Mass ◦ dButanol + LD2  MC signal  MC bg  MC total  2σ cut
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

Final Invariant Mass + C4D9OD  MC proton  MC neutron  [110, 160] MeV cut
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Carbon Subtraction •dButanol  Carbon  LD2  LD2 + Carbon
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

η Photoproduction

1. etaMAID:
Large contribution of the D15(1675)
â high value for the branching ratio
of ΓηN/Γtot = 17%
(PDG: ΓηN/Γ ' 0− 1%)
(L.Tiator, NSTAR2005)

2. Chiral Soliton model:
non-strange member of the baryon
antidecuplet: P11(1680).
bigger coupling to the neutron than
to the proton
(D.Diakonov et al., arXiv:hep-ph/9703373v2)
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π0 unpol π0 pol 2π0 unpol 2π0 pol η unpol η pol

Narrow Structure: Fit with BnGa

Narrow P11(1685):
6 A.V. Anisovich et al.: Interference phenomena in the JP = 1/2−-wave in η photoproduction
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Fig. 10. (color online) Excitation functions at fixed angles and fit with a narrow JP = 1/2+ state imposed. Only statistical
errors are shown. Left: ã > 0; right: ã < 0 (see text).

Table 1. (color online) Solutions with and without a contribution from a narrow resonance in the JP = 1/2+wave. The

product of helicity coupling and ηn branching ratio is given in units of GeV− 1
2 10−3. The χ2

dcs for the differential cross section
is calculated in the region 1.610 − 1710 MeV. The χ2

Σ for the beam asymmetry Σ is given separately. Results are given for two
fits using only the statistical errors or the total errors.

Fit Mass Width
√

Br(ηn)|A1/2
n | Phase χ2

dcs/200 χ2
Σ/80 χ2

dcs/200 χ2
Σ/80

stat. + syst. errors stat. errors only

JP = 1/2− - - - - 0.48 1.81 3.10 2.10

JP = 1/2+ 1671 35 -12 0o 1.34 2.80 9.35 2.92

JP = 1/2+ 1669 35 +12 0o 1.47 2.71 7.66 3.02

JP = 1/2+ 1671 35 -12 20o 1.50 2.50 9.33 2.90

JP = 1/2+ 1674 35 5 0o 0.55 1.98 3.40 2.50

JP = 1/2+ 1671 35 -3 0o 0.54 1.95 3.30 2.55

N(1710), destructively in Fig. 11, top, and constructively
in Fig. 11, bottom. Interference with other waves cannot
be observed after integration over the full angular distri-
bution.

The data clearly disfavor the scenario with a narrow
JP = 1/2+ resonance. The resulting interference with the
JP = 1/2− wave produces the expected forward - back-
ward asymmetry in the angular distributions, which is not
reflected in the experimental data. In a further step we
have determined upper limits for the quantity ã. We find
that the description of the differential cross section is still
compatible with the data for −3 < ã < +5.

4.3 Comparison of the quality of the two fits

In Table 1 we compare the quality of various fits. The best
fit is achieved when no narrow N(1685) is imposed. In the
table we give the χ2 per data point for the differential
cross section [19] and for the beam asymmetry [41]. The
mass range for which the χ2 is calculated is restricted to
1610 − 1710 MeV, the range which is most relevant for
the existence of N(1685). Fits are performed using the
statistical errors only and the statistical and systematic
error added quadratically.

The fit in which no narrow N(1685) is imposed gives
the best χ2 and is our favored fit. It is shown in Figs. 12
as solid curve. The differential cross sections are perfectly
described; the beam asymmetry at 1586MeV shows a few
points which are missed by the fit but in the next energy
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Fig. 8. (color online) Excitation function for γn → ηn at
fixed angles (in bins of z = cos Θη). Only statistic errors are
shown. There is no narrow N(1685) admitted in the fit. The
fit is represented by the full (black) curve; the JP = 1/2−

wave by the dashed (red) curve. The contributions from partial
wave with isospin 1/2 and different spin-parities are shown by
colored curves.

4.1 Fits with no narrow nucleon resonance

First, we fitted the data with conventional nucleon reso-
nances only. Figure 7 shows the total cross section with
the fit and the most significant partial wave contributions.
Clearly, the JP = 1/2− wave is dominant; the fit finds
small contributions from the JP = 1/2+, 3/2−, 3/2+, and
5/2− waves. In the fit, we use statistical and systematic
errors added quadratically. The fit returns χ2 values per

data point which are often smaller than 1. This is not sur-
prising since several sources of systematic uncertainty vary
slowly with energy or are constant. Using the statistical
errors only, typical χ2 values per data point are slightly
above 3, indicating the need for error contributions be-
yond the statistical errors. The conclusions of the paper
are not affected when the systematic errors are included
or neglected.

The quality of the fit can be judged by inspecting
Figs. 8 and 9. A χ2 of 0.91 per data point was achieved.
A large fraction of the χ2 stems from the most backward
η production angle (z = cos θ = −0.95). In Fig. 8, a sig-
nificant excess of data compared to the fit is seen in this
angular range at low energies (1520 < W < 1620MeV).

The angular distributions (Fig. 9) suggest that this
excess might be artificial. In this mass range, most back-
ward data points seem anomalously high. The detection
efficiency for these points (see Fig. 13 in [10]) is much
lower than for the second point in the angular distribu-
tions and the systematic uncertainty is larger. This small
excess also explains the small discrepancy between data
and fit in the total cross section around 1580 MeV (Figs. 1,
5, and 7). We conclude that an excellent fit to the data
[10,19] can be achieved without introducing a narrow res-
onance N(1685). In the 1610 - 1710MeV mass region, the
χ2 per data point is 0.48.

4.2 Fits imposing a narrow nucleon resonance
N(1685)

In the next step we investigated the scenario with a nar-
row JP = 1/2+ resonance interfering with the JP = 1/2−

partial wave. We added a JP = 1/2+ resonance in the
1680 MeV mass region. A fit with free width and real ηn
coupling converged to a solution with a very broad res-
onance (more than 200 MeV) and a very weak coupling.
The improvement in χ2 was negligible.

We then imposed contributions from a N(1685) reso-
nance with properties corresponding to the phenomeno-
logic fits in [19]: mass M = 1670 ± 5 MeV, width Γ =

30 ± 15 MeV, and
√

Br(ηn)A
1/2
n = ã [GeV− 1

2 10−3] =

(12.3 ± 0.8) [GeV− 1
2 10−3]. For ã we assumed, alterna-

tively, to have a positive or a negative sign. (When com-
plex values were admitted, the overall χ2 improved slightly
but the χ2 restricted to the 1620 - 1720MeV region was
worse.)

The excitation functions in different bins of the η pro-
duction angle in Fig. 10; the total cross sections for the
solutions with positive and negative product couplings are
shown in Fig. 11.

The difference between the two solutions is seen very
well. The solution with ã > 0 shows a strong peak at
1685 MeV for backward η mesons, while the solution with
ã < 0 exhibits a diffractive structure. For forward η, the
opposite holds true. The narrow JP = 1/2+ resonance
produces an asymmetry which is not supported in the
data. For ã < 0 this asymmetry is partly interpreted in
the fit by an increase in the contribution from the P13 par-
tial wave. The narrow N(1685) interferes with the broad

→
sign change of elm.
A1/2coupling of S11(1650)
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