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FIG. 6. Fixed angle excitation functions for
γp → π+n. The pion center-of-mass scattering
angle is shown. Notation is as in Fig. 5. The
plotted points from previously published exper-
imental data are those data points within 2◦ of
the angle indicated on each panel.

SP09 are quite similar, but significant differences between
SAID and MAID in magnitude (e.g., E1/2

2− ,M
3/2
2− , and E

3/2
3− )

andW dependance (e.g.,M1/2
1+ andM

3/2
1− ) are seen. Given that

large differences are not seen in the differential cross sections,
further measurements of spin observables will be needed to
better constrain these amplitudes.
With the addition of CLASπ0p andπ+n cross sections, the

SAID solution at higher energies is now far more reliable than
in previously published analyses. Based on the earlier SAID
SM05 solution, the authors of Ref. [52] previously noted how
well the single-pion component of the Gerasimov-Drell-Hearn
(GDH) sum rule integrand reproduced the full result (including
multipion and other-meson production). In Fig. 9, we extend
this same comparison significantly beyond the 2 GeV range
of the SM05 solution. As seen in the figure, the SP09 solution
now agrees well with the MAID07 result, but it extends that
result to much higherEγ . General agreement with the existing
GDH data [53] is good.

For completeness, we provide in Fig. 10 a comparison
between the predictions for the beam asymmetry 
 from
the FA07, MAID07, and SP09 analyses and the experimental
data for that variable from GRAAL [54], from DNPL [55],
and from CEA [56] for the γ + p → π+n reaction under
study here. The agreement with the GRAAL data for 
 at
1.3 GeV is very good for both SAID solutions, but there are
discrepancies at center-of-mass scattering angles greater than
75◦ between those data and theMAID07 predictions. All three
analyses are seen tomatch the single
 data point fromCEA at
1.6 GeV, and both the FA07 and SP09 analyses provide
reasonably good predictions for the DNPL data for 
 for
positive pions at 2.1 GeV [55], although the agreement is
poorer for center-of-mass scattering angles greater than 75◦.
However, the data for 
 remain relatively sparse compared to
the existing data for the differential cross sections.Newdata for

 will help firm up the experimental situation for this energy
region, and a number of experiments are underway at Jefferson
Lab to obtain such data for pions and other mesons [57,58].

065206-9



M. DUGGER et al. PHYSICAL REVIEW C 79, 065206 (2009)

FIG. 7. Multipole amplitudes from threshold to Eγ = 2.7 GeV for isospin 1/2. Solid (dashed) lines correspond to the real (imaginary)
part of the SP09 solution. Dashed-dot (dotted) lines give real (imaginary) part of the MAID07 [46] solution. Vertical arrows indicate WR and
horizontal bars show full � and partial widths for �πN associated with the SAID πN solution SP06 [51].
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FIG. 8. Multipole amplitudes from threshold to Eγ = 2.7 GeV for isospin 3/2. Notation is as in Fig. 7.
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FIG. 9. Single-pion photoproduction contributions to the proton
GDH sum rule �σ31 = σ3/2 − σ1/2 from the SAID current (solid),
recently published SM05 [52] (dotted), and MAID07 [46] (dashed)
analyses. GDH data are from Ref. [53]. Plotted uncertainties are
statistical and systematical added in quadrature.

VII. RESONANCE COUPLINGS

As in Ref. [5], we have extracted resonance couplings
from the modified fit (SP09) using a simple resonance plus
background assumption, a form similar to that used in the
MAID analysis,

B(W )(1+ iTπN )+ TBWeiφ, (4)

where TπN is the associated full pion-nucleon T -matrix and
TBW is a Breit-Wigner parametrization of the resonance
contribution. With this model, resonance contributions have
been determined and are listed in Table III. Values for the
resonance mass WR , width �, and branching fraction �πN/�

for the various resonances were taken from a recent SAID
analysis of pion-nucleon elastic scattering data [51]. These
couplings were also calculated in Ref. [5] after the addition of
π0p photoproduction data reported in that reference.
The function B(W ) was fit to data over an energy range

spanning the resonance position. In the MAID determination,
B(W ) was given by the Born term. Differences between the
couplings quoted here and in MAID therefore reflect both the
impact of the present data set and a model-dependent uncer-
tainty associated with the resonance extraction procedure.
Results based on a fit not including the present data set,

presented in Ref. [5], generally fall within one to three standard
deviations of the present values. This stability is to be expected;
larger deviations may occur with the addition of forthcoming
polarization measurements.
However, the range of couplings given in Table III requires

further comment. The two resonances coupled to a πNS11
state are given very different estimates in the present analysis
than those provided by the 2007MAIDfit and the Particle Data
Group (PDG). The PDG range for the N (1535) accounts for
the large discrepancy that once existed between determinations
based on πN and ηN photoproduction fits. Whereas the
present πN estimate, the PDG central value, and older
ηN photoproduction analyses agree on a value close to

FIG. 10. Beam asymmetry 
 for γp → π+n at Eγ =
1300, 1600, and 2100 MeV vs center-of-mass scattering angle. Solid
(dotted) lines correspond to the SAID SP09 (FA07) solution. Dashed
lines give the MAID07 [46] predictions. Experimental data are from
GRAAL (filled circles) [54], from DNPL (open circles) [55], and
from CEA (open triangles) [56]. Plotted uncertainties are statistical.
Systematic uncertainties are taken into account in the fit (see text).

100 GeV−1.2 × 10−3, the MAID 2007 value has now dropped
to a value consistent with the 1996 SAID value [59]. This
low value was criticized in a number of papers analyzing ηN

photoproduction data measured at MAMI-B in Mainz [60].
From the plots in Figs. 7 and 8, a significant difference

between the SAID and MAID fits exists in multipoles coupled
to the πNS11 and D13 resonances. This, combined with
differences in the assumed background contribution, likely
accounts for the variations seen in Table III. Differences in the
N (1650) couplings are largely due to difficulties in separating
two nearby resonances in a single multipole. The present
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TABLE III. Resonance parameters for N∗ and �∗ from the SAID fit to the πN data [51], helicity amplitudes A1/2 and A3/2 from the
SP09 solution, MAID07 determination [46], and average values from Ref. [4].

Resonance πN SAID A1/2 (GeV−1/2 × 10−3) A3/2 (GeV−1/2 × 10−3)

WR (MeV) � (MeV) �π/� SP09 MAID07 PDG SP09 MAID07 PDG

N (1535)S11 1547 188 0.36 100.9± 3.0 66 90± 30
N (1650)S11 1635 115 1.00 9.0± 9.1 33 53± 16
N (1440)P11 1485 284 0.79 −56.4± 1.7 −61 −65± 4
N (1720)P13 1764 210 0.09 90.5± 3.3 73 18± 30 −36.0± 3.9 −11 −19± 20
N (1520)D13 1515 104 0.63 −26± 1.5 −27 −24± 9 141.2± 1.7 161 166± 5
N (1675)D15 1674 147 0.39 14.9± 2.1 15 19± 8 18.4± 2.1 22 15± 9
N (1680)F15 1680 128 0.70 −17.6± 1.5 −25 −15± 6 134.2± 1.6 134 133± 12
�(1620)S31 1615 147 0.32 47.2± 2.3 66 27± 11
�(1232)P33 1233 119 1.00 −139.6± 1.8 −140 −135± 6 −258.9± 2.3 −265 −250± 8
�(1700)D33 1695 376 0.16 118.3± 3.3 226 104± 15 110.0± 3.5 210 85± 22
�(1905)F35 1858 321 0.12 11.4± 8.0 18 26± 11 −51.0± 8.0 −28 −45± 20
�(1950)F37 1921 271 0.47 −71.5± 1.8 −94 −76± 12 −94.7± 1.8 −121 −97± 10

N (1650) photo-decay amplitude is consistent with that found
in Ref. [5], given the large errors. The statistical significance
of any inconsistencies with the MAID analysis cannot be
determined, as no uncertainties for their estimates have been
presented.
Both the SAID andMAID values for theN (1720) coupling

are very different from the PDG average. The PDG range
does not even include a sign for this coupling. As this state
has the lowest πN branching fraction listed in Table III, a
better determination may require a more favorable reaction or
additional information on spin observables. Finally, we note
that, although the present SAID fit, the fit in Ref. [5], and the
PDG estimate for the �(1700) photo-decay amplitudes have
remained relatively stable, the MAID 2007 value for the A1/2
amplitude has nearly doubled the MAID 2003 result. This
change has resulted in both the helicity 1/2 and 3/2 couplings
being more than double the PDG estimate.

VIII. CONCLUSION

Differential cross sections for π+ meson photoproduction
on the proton via the reaction γp → nπ+ have been deter-
mined with a tagged-photon beam for incident photon energies
from 0.725 to 2.875 GeV. All derived cross sections were
based on a π+n missing mass reconstruction. The relative
cross sections were determined from yields derived from a
peak isolated above a well-determined background, using
Monte Carlo simulations to determine the π+ acceptance
in the CLAS spectrometer. The relative differential cross

sections were converted to absolute differential cross sections
by measurements of the incident photon flux.
These data have been included in a SAID multipole

analysis, resulting in a newSAID solution, SP09. Comparisons
to earlier SAID fits and a fit from the Mainz group show that
the new solution is much more satisfactory at higher energies.
Although resonance couplings have not changed significantly
with the addition of these cross sections to the world data set,
significant changes have occurred in the high-energy behavior
of the SAID cross-section predictions and amplitudes, as can
be seen in Fig. 5 for the cross-section contribution and Fig. 9
for the single-pion contribution to the GDH sum rule. Further
improvement will be possible with future measurements of
spin observables for the photoproduction process that can
be expected from FROST [57] and the g8b CLAS running
period [58].
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