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1 Introduction

The excited states of the nucleon were observed for the first time in ¥ — N scat-
tering experiments, as clear peaks in the cross-section. Partial-wave analysis
of m — N elastic scattering data and charge exchange reactions have provided
quantum numbers, masses aud widths of most of the baryonic (N and A) reso-
nances *. Smaller sets of data are avaflable for pion induced reactions with Ny,
AK, AL or Nax produced in the final state, They have provided information
on the branching fraction for the N* decaying into different baryon-meson
channels. Meson photoproduction reactions have been used to extract the
electromagnetic transitions amplitudes (the A,); and the As, helicity am-
plitudes), providing complementary dynamical information on the composite
structure of the baryons.

It iz very difficult to eliminate the model dependence in the extraction of
baryonic parameters from experimental results. For example a model inde-
pendent multipole analysis of meson photoproduction would require precise
measurements of croes section and polarisation observables for a complete set
of results. These must include a minimum of eight single and double polaz-
ization observables, in the case of pseudoscalar meson photoproduction. The
minimum number of independent observables increases to 23 in the case of
vector meson photoproduction. In lack of such complete information, the
extraction of resonance parameters relays on both the choice of a theoreti-
cal model and on the quality of data. At energies above the F3g(1232) the
task is complicated by the overlapping of several broad resonances. Having
these resonances fived quantum numbers, their contribution to a scattering
process appears only in specific multipoles. However the values of resonance
parameters extracted in a multipole analysis depend on the procedure used
to discriminate the regonant from the background contribution.

Recently a new generation of precise data on meson photoproduction, in-
cluding single and double polarization measurements, haz become svailable.
This is due to the advent of high quality, polarized and tagged electron and
photon beams (MAMI-B, ELSA, LEGS, GRAAL, LEPS, JLAB, BATES),
coupled with large solid angle detectors and, in some cases, also with polar-
ized targets. At the same time these results have stimulated the theoretical
community to refine the models and to increase their efforts to understand
and quantify the theoretical uncertainties of resonance parameters, by com-
paring results obtained by different procedures on the same data set, This is
the case of the Baryon Resonance Analysis Group (BRAG) that is promot-
ing the collaboration among theoretical and experimental physiciets 1o work
towards & commonly accepted review of the resonance parameters, extracted
from modern electromagnetic and hadronic facilities.
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2 The First Resonance Region and the A(1232) EMR

In the energy region corresponding to masses up to 1400 MeV, the excitation
of the A(1232) resonance dominates the reaction mechaniams, It is therefore
possible to extract its parameters with high precision, not yet achieved at
higher energies. TheqN—»Atramﬂmnpmdamdnlythmu;hmﬁc
dipole (M1 oer+), due to a quark spin flip. The presence of a d-wave
admixture in the nucleon wave-functmn allows for a small contribution fram
the electric quadrupole (E2 or E/”) transition amplitude.

The origin of the d-wave component, that breaks the spherical symmetry
of the nucleon, differs in various models of the nucleon. In consiituent quark
maodels (CQM), inspired to Quantum Cromo-Dynamics (QCD), the d-wave
component arises from the introduction of an effective color-magnetic tensor
interaction, while in chiral bag models the nucleon deformation is sscribed to
the asyrometric coupling of the meson cloud to the nucleon apin. The ratio of
resonant E2 to M1 transition strengths (EMR) is the experimental quantity of
interest. [ts value has been extracted from a large amount of available data,
using different analysis procedures. The decomposition of amplitudes into a
resonant and a background term is model dependent and not unique. Mast
analysis do not explicitly calculate the influence of non-resonant mechanisms
on the resonance properties, such as interference coniributions from Born
terms and meson rescattering. It is not the bare value of the EMR to be
extracted in such analysis, but the value the EMR dressed by the meson
cloud.

Precize measurements, including polarization observables, on ¥ p — 7% p,
4 » =+ n* n and Compton scattering have been provided by the Mainz and
Legs laboratories. Because the A decays into 7N final states with 99.4%
branch and back to the vV state with 0.6% branch, the analysis of simul-

Thbla 1. Values of the dressed A(1232) resonance EMR and hellcity smplitudes extracted
by the most recent multipole analysis by Legs and Mains groups. Results are compared
with the latest edition of the Review of Particle Physics.
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Figure 1. Differential cross sections and beam polarization asymmetries for the reactions
4p —+ vp, §p =+ «% and Fp = «+n, mensured by the maine (open circles) [2,4] and the
Legs (full circles)[3,5] laboratorics.

tancous measurements of previous channels has the potential to extract &
properties with high accuracy. Figure 1 shows results obtained for the dif-
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Tuble 2. Results for M1, E2 and EMR from the analynix of various belonging to

BRAG [6,7]. Values for M1 and E2 are expressed in unita (10—3) y those for EMR
are given in %.
M1 E2 REM
Effective Lagrangian RP1 - 0 A 535
Partial wave anal. GWU - SAID 81 -3 -2.57
Multipole anal. fixad-t disp. relations HA 281 -5.8 ~2.35
Muyltipale anal, unitary isobar mod. MAID 275 -5.3 -1.9%
Dynamical mod. by Yeng & Kamalov KY 280 6.2 -2.24
Fixed-t digp. relations by Asoauryan AZ 278 -6.3 -2.28
Maultipole anal. by Omelasmko OM 288 -7.8 -2.77
Avorage WLIE4S 208 | ~238 £0.27 |

factor is necessary to reconcile the differential cross section results of pion
photoproduction reactions.

Table 1 shows resultz obtained for A resonance parameters extracted by
multipole analysis performed by the two laboratories on thelr own measure-
ments. Results are compared with the latest Review of Particle Physics® eval-
unation. The differonce betwesn the two laborstories results may be ascribed
to the disagreement among meagured differential cross sections.

The Baryon Resonance Analysis Group (BRAG) ®7 has performed the
analysis of & “bench-mark” data set of 1287 points on photoreactions and
pion induced reactions, not including the latest results from Mainz and Legs,
using several theoretical approaches to study the model dependence in the
extraction of the dressed values of the M1 and E2 strengths. Results were
published in ® and are reported in Table 2. The average result should not be
taken as a final value, because it is based on the chosen data set, which does
not include all recent experiments. However the resnits fluctuation iz very
small and the extraction of 4 2% effect may be obtained with a 0.3% percent
model dependence.
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Figure 2. Measured values of the toial absorption cross section difference between the two
relative helicity states of the proton and the longitudinally polarived photon. Results are
from Mainz (open and full circles). Data are comparad with predictions by Hanstein ef ol
(dot-2ashed curve), multipole analysia by SBAID (solid curve) and the Unitary Isobar Model
(MAID) (dotted curve).

8 Double polarization measurements and the GDH sum-rule

The first measurements obtained with & polarized photon beam on a polarized
target represent an important break through in the study of photonuclear
reactions. First dats on photoabsorbtion cross sections on the proton have
been obtained at Mainz using a longitudinally polsrized beam on a frozen
spin butanol target %19 in the energy range 200 < E, < 800 MeV. The
difference between the total crogs section measured in the two relative spin
configurations of photons and protons in the initial state, namely o33 — o9,
is plotted in Figure 2. Open and full circles are experimental resuits, compared
with predictions by Hanstein et al.'? (dot-dashed curve), multipole anslysis by
SAID?® (solid curve) and the Mainz Unitary Isobar Model (MAID)*? (dotted
curve). Only the last calculation includes multi-pion and » photoproduction
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- contributions and predictions fail to reproduce the full strength of the cross
section difference in the second resonance region,
These first measurements may be used to experimenially verify the
GDH™ sum-rule, defined as follows:

o 2
[ s = T = 200 8
where v is the photon energy, i is the pion photoproduction threshold, o
is the fine-structure constant, M is the proton mass and & is the anomalous
magnetic moment of the proton.

The experimental contribution to the integral appearing on the left side of
the sum-rule, in the measured energy range, is 226 % 5 & 12ub. The combina-
tion of this result with estimations of the contributions in the mizsing energy
tanges, provides a total result which is consistent with the GDH sum-rule
within the experimental errors. The extension of this measurement to higher
energies is underway at the Bonn laboratory'®,

First results using a polarized Compton backscattered <-ray beam on a
frozen spin HD target, have been obtained at Legs'®. Very promising mea-
surements have been obtained in three days of data taking, only. The beam
polarization was changed regularly among eix states: circular polarization
parallel or antiparallel to the proton polarization, linear polarization with the
polarization vector oriented vertically, horizontally or at an angle of £45°. For
the firet time it was possible to extract all double polarizetion asymmetries
involving beam and target. More data taking is expected in the near future.

4 Single and double pion photopraduction

New precise results on the differential cross section and ¥ have been obtained
at GRAAL for the 4+ p — #° + p reaction, in the energy range from 600
to 1100 MeV!7, and for the beam asymmetry £ for the §p — n*n reaction
at energies from 600 to 1500 MeV*#1?. Comparison with existing well estab-
lished results provided excellent confidence on the quality of the data. The
inclusion of these results in the latest GWU-SAID data base'? has produced
significant modifications in some of the partial cross section of the SAID Par-
tial Wave Analysis. The new solution (FAQL) requires a stronger contribution
of the Py3(1720) resonance and 2 suppression of the 5);(1620), with respect
to previous analysis, to reproduce the complex structure of the experimental
results.

Importaat new data have been obtained also on the two-pion photopro-
duction chaanels {(yp —= x"2%n and 7p — 7%7%) by the Maing group?®3,
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The resonant excitation mechanisme have been understood to be dominated
by the D;3(1620) excitation?, subsequently decaying into A%x* or A%x®.
The model however could not reproduce the full strength of the x*#° chan-
nel, The measurement of the invariant mass spectra of the w7 systems® was
the key to reveal for the first time the direct decay D13(1520) — pN in the
ntx® channel.

5 7 photo-production

Most of the CQM models predict more states than those experimentally ob-
served. It is possible that the “missing” states have not betn observed because
they are weekly coupled to 7V channels, Evidence of their existence may be
observed in other channels, such az nN, pN, XA and wN.

The study of the » meson photo-praduction offers the advantage of a
reduced complexity for the resonances involved in the reaction. Since 7 carries
isospin I = 0, only I = 1/2 N™ resonances may be excited and only those
having significant #/V branching ratio may contribute. Measuremerts of the
L polarizgation observable add the ability to pin down small contributions
from higher multipole resonances through their interference with the main
terms. Extraction of the niV partial widths and photocoupling amplitudes
of the corresponding resonances are then possible, even if the p/¥ branching
ratios are very small??. Very precise results for the differential cross section
have been obtained by the GRAAL collaboration from the reaction threshold
up to E, = 1.1 GeV. They cover the full angnlar range, for a total of 233
data points.?*. The data are in good agreement with existing Mainz?® data
and confirm the near isotropic behavior of the angular distribution up to
E, = 0.9 GeV, arising from the dominance of the 5;,(1535) excitation. A
multipole expansion up to second order shows that deviations from isotropy
at higher energies are mainly due to quedrupole terms, associated with the
D;3(1520) resonance. However, the onset of the P-wave is clear at energies
above B, = 1.0 GeV, confirming similar results from 5 electro-production®!.

Table 3. Values of the 54, (1535) resonance parameters extracied from 9 photo-production.
S P — 514(1585) = N
oW | et

T Krusche® | PDGT |
Mass (MeV) 1541 | 1656 1 1544 15385 |
T (MeV) 191 | 252 162 212 150
Ayya (10-3VTeV) | 118 64 125425 $0:£30
TN /T 0.50 0.62 0.8.0.55
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Figure 3. Preliminary regults for the beam polarizstion asymmetry for the reaction: 543 —
7+ from the GRAAL eollaboration. Open gquares are results obtained with the UV Laser
line and 2 maximum y-ray energy of 1487 MaV. They are comparad with the previous resulta
obtained with & maximum y-ray enesgy of 1.1 GeV, ghown with open cirtles, Dashed Iines
show the latest Partial Wave Analysia of the SAID group{12), including GRAAL data. Bold
mﬂdottedlinnlhowthclwyailhnndonthebimdhghﬁqmw{ﬁ]. Bolid lines
show a global fit [27] of the GRAAL beam asymmetries (23], the Maina diferential croes
sectiong [26] and the Bonn target asymmotries[28].

Results for the total cross section are available up to B, = 1.1 GeV.
These measures cover the full energy range of the §;1(1535) resonance for
the first time. Fig. 3 shows published ¥ beam asymmetry results?® together
with a sample of prelimipary data up to B, = 1.48 GeV. The observable
is dominated by the interference of the Dy3(1520) with the main S-wave.
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Deviations from the sin?@ distribution are due to contributions from other
multipoles. Data are compared with the multipole analysis performed by the
GWU group'? including all GRAAL data (BO12solution), plotted as & dashed
line. Curves from a new analysis based on a chiral constituent quark model?®,
that includes all known resonances up to 2 GeV and does not incorporate t-
channel exchange terms, are also reported. This model requires the inclusion
of a third §;;(1730) KA quasi-bound state to reproduce the forward peak in
the cross section. Bold and dotted curves in Fig. 3 show the results with
and without the third S;; “missing” resonance. A global fit?”, combining
Maing differential cross section data®®, published GRAAL asymmetry data®®
and Bonn target asymmetry results®®, is plotted as a solid line. Results have
been also included in the MAID 2000 analysis using an isobar model®® and in
a coupled-channel analysig using an Effective Luua.ngun model and Bethe-
Salpeter equation in K-matrix approximation®,

The values for the 55; (1535) resonance parameters, extracted using these
different approaches, are summarized in Table 1 and are compared with the
values guoted by the Particle Data Group. Clear discrepancies still remain
among the values of the resonance width and of the photocoupling amplitude.

6 X7 A and w photo-production

New data are available on the XA channel from the SAPHIR collaboration®2.
They show 3 structure in the differential cross section that has been
reproduced®’ using an isobar model which includes a missing Dy3(1860) res-
onance.

The same model predicts for ¥ trends of opposite zign if the missing reso-
nance is included or not. Very preliminary data for the ¥ beam asymmetry in
the £* A reaction channel have been produced by the GRAAL collabaration.
They have ¢learly pogitive values in the energy range from E., = 1050 MeV to
E., = 1400 MeV and confirm the presence of the D,3(1960} resonance. More
data are expected from the SAPHIR and LEPS collaborations.

Very promising results are expected for the 7p — wp reaction chanvel.
Total and differential cross sections are dominated by the diffractive terms, de-
scribed by Pomeron and meson (77, 7) exchange mechanismsg in the t~channel,
while resonance contributions have some importance at low energies and back-
ward angles. Polarization observables on the contrary are predicted®*® to
be very semsitive to resonance excitation. Diffractive terms are expected to
give very amall contribution to the beam polarization asymmetry £ and large
asymmetry values are a direct evidence of resonance excitation contributions.
First very preliminary measurements on the I asymmetry have been pro-
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Figure 4. Very prellminary regults from the GRA AL eollaboration for the beam asymmetry
£ intcgrated over the w decay solid angle, for the reaction &fp — wp. Results are compared
with prediction from [35]. Dashed curve is the coatribution fram Pomeron and meson
exchange terms alome. Solid curve ls the full calculasion, Including all resonances with
mansses up 1o 2 GeV,

duced by the GRAAL collaboration in the energy region from threshold to
1500 MeV. A sample of these data is reported in Figure 4, together with pre-
dictions from Q. Zhao®®. Dashed curve is the calculstion including t-exchange
terms only, solid curve is the full calculation including all N'* resonances con-
tributions with masses up to 2 GeV. General agreement between data and
theoretical predictions is observed and the sisable strength of the ¥ observ-
able is expected to be very sensitive to the inclusion of specific resonances,
such as the Py3(1720).
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