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Abstract. The photoproduction of pion off nucleon is investigatedhivita dynamical coupled-
channels approach based on the Jutithmodel, which has been quite successful in the description
of mN — 7N scattering for center-of-mass energies up .® GeV. The full pion photoproduction
amplitude is constructed to satisfy the generalized Wakhiiashi identity and hence, it is fully
gauge invariant. The calculated differential cross sest@and photon spin asymmetries up to 1.65
GeV center-of-mass energy for the reactigms— 71™n, yp — m°p andyn — 1 p are in good
agreement with the experimental data.
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INTRODUCTION

In this proceeding we report the main results of our recemkwa pion photoproduction
[1]. This work has two salient features. One is that the werttdne within a dynamical
coupled-channels approach based on the Jiatidhmodel, which includes thaN and
NN stable channels as well as thA, oN andpN effective channels accounting for the
resonant part of therrtN channel, and has been quite successful in the description of
N — 71N scattering for center-of-mass energies up.®@eV [2]. The other is that in
addition to satisfying unitarity and analyticity as a matiecourse, in this work the full
photoproduction amplitude satisfies the full gauge-irarace condition dictated by the
generalized Ward-Takahashi identity [3, 4, 5]. By contrts vast majority of existing
models satisfy only current conservation but not gaugeriauae.
The full photoproduction amplitudd* reads [3, 4, 5]
MH = ME +MHE + MF +MH (1)

int’

where the first three terms describe the amplitudes fsgnu- and t-channel inter-
action diagrams, respectively. Apart from the nucleon erge,M% contains eight
genuine resonances, naméhy (1535, $1(1650, S31(1620), P31(1910, P13(1720),
D13(1520), P33(1232 andD33(1700), as required by the Julich model faN — 7N
scatteringM{; includesN andA exchanges anilf* includesr, p, w anda; exchanges.
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FIGURE 1. Differential cross sections and photon spin asymmetriegio— 7" n. The solid curves
show our results and the scattered symbols are data fronj@Ref.

The last termvi-

int IN EQ. (1) is the interaction current,

ME = ME +TNPGo (MY + M +ME) 1, 2)
where (M§ +M{' + ME) denotes the transverse part(®14 +M{ +M¢'); TNPis the
non-polar part of the hadronic scattering amplitude takemfJulich N model; Gg
describes the free propagation of the intermediate meaoysh two-body systenM¥

is the generalized contact current accounting for the cmagld part of the interaction
current which cannot be treated explicitly. It is chosen utchs a way that the full
photoproduction amplitud¥* satisfies the generalized Ward-Takahashi identity and
thus is gauge invariant [3, 4, 5]. We refer the readers to.Ref$] for more details.

RESULTS

We have studied both the differential cross sections angliodon spin asymmetries
for yp — m™n, yp — mp andyn — 1 p up to iN center-of-mass energy/ = 1.65
GeV. The results are shown in Figs. 1, 2 and 3. One sees thav¢hnall agreement with
the experimental data is very good. At higher energies thezesome discrepancies.
Further studies are needed to understand whether thesepiiscies are due to the lack
of high-spin resonances or effects frdxKk and=K channels which are not included in
the present work.

We have also studied the total cross sectiongfors 17n, yp — npandyn — m p
reactions and our results are in very good agreement wittldtee The effects from the
coupled channels and the generalized contact terms armeéstigated, and our results
show that they both are very important for getting the datee @ the page limit of this
proceeding, we refer the readers to Ref. [1] for more details
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FIGURE 2. Differential cross sections and photon spin asymmetrieyo— r°p. The solid curves
show our results and the scattered symbols are data fronj@Ref.
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FIGURE 3. Differential cross sections and photon spin asymmetriegrio— m p. The solid curves
show our results and the scattered symbols are data fronj@Ref.

Motivated by the good agreement of our results with the dathe total and dif-
ferential cross sections as well as the photon spin asynesgtve have extracted the
multipole amplitudes for pion photoproduction. In Fig. Betresults for the multipole
amplitudesM;, andE,_ from the present calculation (solid curves) are shown toayet
with the results from the SAID analysis [7]. We see that theeament between the two
results for the dominari¥l;, amplitude is quite good but for the smalles_ amplitude
there is a considerable disagreement. This illustratelsitizeof uncertainties one should
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FIGURE 4. Real part and imaginal part of the multipole amplitudiés andE,_ for yN — riN with
isospinl = 3/2 as a function of thetN center-of-mass energy. Scattered symbols are amplitaies t
from the George-Washington University’s partial wave ggisl[7].

expect from the present-type calculations, even thougheweduce the cross sections
and beam asymmetries quite nicely. Itis clear that in orextract more reliable multi-
poles (apart from the dominant ones) from the present modelneeds to include more
independent observables to further constrain the modeuatlg, the SAID results are
also subject to some assumptions in their analysis, sincgowet have a complete set
of data up to now. In a recent analysis [8], Workman has alsesiigated the sensitivity
of the extracted multipole amplitudes to the accuracy offdita used in their extraction.
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