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The study of the baryon spectrum is a fundamental part of the scientific program in Hall B at Jefferson Lab-

oratory. The so called N* program indeed concerns the measurement of the electromagnetic production of
exclusive hadronic final states, with the purpose of extracting information on baryon excited states. CLAS, the
CEBAF Large Acceptance Spectrometer, is explicitly designed for conducting a broad experimental program
in hadronic physics, using the continuous electron beam provided by the laboratory. An overview of the most
recent results is presented.

1 Introduction ity of the baryon spectrum, the proximity and overlapping
nature of the various excited states, the measurement of a

The Study of the nucleon structure is one of the primary in- Single channel is not sufficient to Complete this research pro-
terests in strong interaction physics and has been the subjec@ram. On the contrary a thorough study of resonance prop-
of experimental and theoretical studies for several decadeserties requires the measurement of cross sections, angular
One of the primary manifestations of the complex internal distributions, as well as polarization observables for differ-
structure of the nucleon is the existence of its excited statesent final states.
i.e. baryon resonances. These play an important role in in- A broad experimental program for the study of baryon
termediate energy phenomena and understanding their natesonances is in progress in Hall B of Jefferson Lab using
ture is a necessary step to reach a comprehensive picture dhe CEBAF Large Acceptance Spectrometer (CLAS) [3].
strong interaction physics. CLAS provides the large angular coverage that is necessary
The excited states of the nucleon were first observed inOr the study of resonance decays. Itis a magnetic spectrom-
7N scattering in which their contribution was clearly evi- €ter based on a six-coil torus magnet whose field is primar-
dent as bumps in the total cross section. These measurely oriented along the azimuthal direction. The particle de-
ments allowed a first classification of the excitation spec- [€ction system includes drift chambers for track reconstruc-
trum of the nucleon, providing measurement of the masses fion. scintillation counters for the time of flight measure-

widths, quantum numbers, and branching ratios of manyment, Cerenkov counters for electron-pion discrimination,
baryon’ resonances [1]. In,spite of the large amount of in- and electromagnetic calorimeters to identify electrons and

formation collected by these experiments, the number of neutrals. Charged particles can be detected and identified
states that were identified was less than what predicted byf®r momenta down to 0.2 GeV. ,

the standard quark model. A possible explanation is that ~ CLAS is the first large acceptance instrument that can
such “missing” states may decouple from th& channel measure exclusive electroproduction of mesons with suffi-
making them undetectable in experiments with pion beams.Ciént resolution for a detailed study of resonance excita-
Other explanations come from theoretical models that aretion. The entire resonance mass region and a wide range
able to predict a smaller number of states based on a reln the photon virtualityQ® can be covered simultaneously
duced set of degrees of freedom [2]. Unraveling this prob- in @ single measurement while detecting several meson final

lem requires measurements with probes different from pion States. Data taking with the CLAS detector started in 1998
beams. and since that time many different reactions has been stud-

ied. In the following | will discuss some of the most recent

The construction of new high intensity and high duty and relevant results obtained from these analyses.

cycle electron and photon facilities opened new possibili-

ties for the study of baryon resonances using electromag-

netic probes. These provide information on the resonance :

and nEcIeon Wavefunftions through the measurement of the2 Quadrup0|e deformation of the

helicity amplitudes, i.e. the photocouplings foN — N* A(1232)

vertices. Furthermore electroproduction allows us to explore

baryon structure for different distance scales by varying the The A(1232) is the first excited state of the nucleon. It is

photon virtuality. a well identified and isolated resonance which dominates
Nowadays electroexcitation processes are a fundamentathe photoproduction cross section and the electroproduc-

tool to pursue these studies. However due to the complex-tion cross section at low momentum transfgt. For this
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reason, this is probably the most studied of the nucleonfull QCD results giveRgys values more negative than in
excited states. In model with SU(6) spherical symmetry, the quenched approximation showing the contribution of the
the N — A transition is simply due to a magnetic dipole pion cloud to be negative, and causing an oblate deformation
M+ mediated by a spin flip from thd = 1/2 nucleon of the A(1232). The calculation af)? = 0.52 GeV* is in
ground state to thé with J = 3/2, while the electric and  agreement with the CLAS data f&z,, andRgs ;.

coulomb multipolesF;, and S;., which are allowed by

parity and angular momentum conservation, are equal to O.

Non-zero values of’; ; andS; . indicate a deviation from

the SU(6) spherical symmetry that can be associated witha3 ~ The second resonance region
guadrupole deformation of the nucleon or of thestate as

discussed in Ref. [4]. Dynamically such deformation may , ,

arise through interaction of the photon with the pion cloud _The mass region correspondlng to the second enhancemer
[5,6] or through the one-gluon-exchange mechanism [7]. At in the mcluswgyN cross section is known as the secqnd
large momentum transfer, helicity conservation directly im- '€Sonance region. It covers thié range between approxi-
plies Rzy — +1. An interpretation ofRzy; in terms of mqtely 1.4 GeV and 1.6 GeV and is dominated by the exci-
quadrupole deformation can therefore only be valid at low tation of theS1; (1535) and Dy3(1520) states.

momentum transfer.

" waw m AL 3.1 TheS;;(1535) and n production

o O LEGS ® JLAB-CLAS
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The S11(1535) resonance was found to have an unusually
hard transition form factor. This in fact shows a slow fall-
off with Q2. This state has a significant branching ratigin
e (hALLSER) final states where it shows up as a strong enhancement nea
- — Pion Cloud (SATO-LEE) then threshold with very little background. Older data show

boAeEQch Pion Cloud (OMD) some discrepancies in the values of the total width and pho-
tocoupling amplitude. In particular, analysis of pion photo-
production data [1] disagree significantly with the analysis
of n photoproduction.

Data from CLAS [18] together with data from an earlier
JLab experiment [19] now give a consistent picture of the
Q? evolution of the form factor, confirming the slow fall-off
with much improved data quality (see Fig. 2). Analysis of
nmt andpr" data atQ? = 0.4 GeV” gives a value ofd; ,
consistent with the analysis of the data [20].
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Figure 1.Ren andRsy as a function ofg2. The CLAS data are
shown in comparison with the results of previous experiments pub- —
lished after 1990. The results of a recent Lattice QCD calculation
are also shown.

and Keister (Rel)

Results of the multipole analysis of the CLAS data [8]
are shown in Fig. 1, where data from previous experiments
published after 1990 are included as well [9-11Rg
remains negative and small throughout the explod

range. There are no indications that leading pQCD con- 20|
tributions are important since they would result in a rise ol i ]
of Renpr = F14/Miy — +1 [12]. Rga behave quite Q@ (Gev?)

differently. While it also remains negative, its magnitude

tends to increase wittp2. The comparison with theoreti-

cal models, from relativized quark models [13,14] to a chi- Figure 2. Transverse helicity amplitude, »(Q?) for the

ral quark soliton model [15] and dynamical models [5,6,16], S11(1535).

shows that simultaneous description of b&th,; andRg s

is achieved by dynamical models that include explicitly

the pion cloud. This supports the claim that most of the So far the particular hardness of the form factor has been
guadrupole strength is due to meson effects that are not indifficult to explain in theoretical models. However a recent
cluded in other models. Recently, calculationf®f,, and calculation in the framework of the constituent quark model
Rss have been performed in quenched and unquenched lathas shown that this behavior can be reproduced using an hy-
tice QCD in theQ? range of the CLAS results [17]. The percentral potential [21].
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3.2 Polarization Observables and Resonance 4 Higher mass states and missing res-
amplitudes onances

The extraction of the helicity amplitudes in an unpolarized The mass region abovl’ = 1.5 — 1.6 GeV is charac-
measurement requires a complex analysis of the full angulargi;aq by the presence of several excited states. Many of

distribution. On the contrary polarization measurements ,ace states are expected to strongly decouple from e
final state. Therefore the measurement of other final states
astwN, nN, wN, ... is very important. Moreover many

—~ F of the so-called “ missing states” are predicted to couple
x r s strongly to therw N channels [27]. Search for these states
+ ’ is of great importance for the understanding of the nucleon
_ 05 structure as alternative symmetry schemes do not predict
~ Fo nearly as many missing states [2].
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Figure 3. Q* dependence of the double spin asymmetay +
nAz)/(1 + €R) for & — e'nwt. The data are compared with W (GeV) M (GeV)

the pure resonance contribution (dotted line) predicted by the AO

model [22], with the MAID [23] (dashed line) and AO (solid line) ~ Figure 4. Left: Total cross section far'p — pr*n~ as a func-

full calculations. tion of W at < Q2 >~ 0.65 Ge\? (full points), < Q> >~

0.95 GeV (open sgares) and Q? >~ 1.3 Ge\? (open tran-
gles). Right:do/dM .- at< Q* >~ 0.95 Ge\. The curves
represent the predictions of the phenomenological model of Ref.
[28]. The dashed line includes resonances only, the dot-dashed the
non-resonant part while the solid lines are the full calculation.

provide direct information on the helicity amplitudeis /,
andAs , through the measurement of the double spin asym-
metry.

The@? dependence of the double spin asymmetry asym-
metry (A1 +7A2)/(1 + €R) for & — ¢'nm™ is shown 4.1 Resonances in ther 7~ channel
in Fig. 3 for four W ranges [24]. A; is the virtual photon
helicity asymmetryAd; = (|A;/2* — [As/2|?)/(|A1)2]* + The cross section for the reactigip — pr™7~ has been
|A3/2[%), Az is a longitudinal-transverse interference term, measured at CLAS i)? range from 0.5 to 1.5 Gel[29].
R is the longitudinal-transverse cross section ratio, while The CLAS data are shown in Fig. 4. The most striking fea-
ande are kinematical factors. Due to the particular kinemat- ture is the strong resonance peak néar= 1.72 GeV that
ics of the experiments as well as to the suppression of longi-was not seen in the DESY photoproduction data [30-32].
tudinal terms in respect to transverse, the double spin asymFurther analysis of the CLAS data that includes the com-
metry is expected to be dominated by the helicity asymmetry plete hadronic angular distribution and the* and 77~
A;. The sign and magnitude of the measured asymmetry in-mass distributions has allowed us to investigate the origin
dicate the dominance of the helicity-1/2 contribution. This ©f this peak. This was found to be better described by a
is in contrast with the helicity-3/2 dominance observed at V3,,(1720) state. While there exists a state with such quan-
the photon point [1] and indicates that a transition occurs tum numbers in this mass range, g (1720), its hadronic
in between)? = 0 and the measure@? range. This fea-  properties as obtained from analysis of previous data seem
ture is consistent with a strong change wih of the helic- to be inconsistent with what observed in this experiment.
ity structure of theD5(1520) and F5(1680) states thatare  Keeping the hadronic coupling of this state within the lim-
predicted by constituent quark models [13,21,25,26] to vary its imposed by previous data forces us to reduce its pho-
from A; = —1 at the photon point tel; = 1 at highQ?. tocouplings and to introduce a second state with the same
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guantum numbers but very different hadronic couplings. In- indications for the existence of new states which may allow
terpretation of this second state as a missing resonance isis to solve the puzzle of the “missing” states.
definitely possible. There are in fact model predictions of

states with the same quantum numbers and reasonably close
mass [27,33]. References
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