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Abstract. Recent results using the CLAS detector at Jefferson Lab are discussed. We emphasize strangeness
photo- and electro-production in the baryon resonance region between W = 1.6 and 2.3 GeV, where
indications of s-channel structure are suggestive of high-mass baryon resonances coupling to kaons and
hyperons in the final state. Other CLAS results, for the E1+/M1+ transition form factor at the first
∆-resonance, two-pion electroproduction, and η photoproduction are also briefly mentioned.

PACS. 13.30.-a Decays of baryons – 13.30.Eg Hadronic decays – 13.40.-f Electromagnetic processes and
properties – 13.60.-r Photon and charged-lepton interactions with hadrons

1 Introduction

The CLAS detector at Jefferson Lab [1–5] serves as a
large-acceptance, moderate-momentum resolution facility
for probing nucleon excitations, meson production, and
correlations in light nuclear systems. This presentation
features highlights from a series of measurements ded-
icated to the study of open strangeness systems in the
baryon resonance region. New results for both photo- and
electro-production of strangeness-containing final states
will be discussed. Complementary work in resonance ex-
citation in the non-strange final states will be mentioned
and the reader will be referred to the recent literature.

Baryon resonances are a basic problem of interest in
non-perturbative QCD. The masses, quantum numbers,
and decay branches of the higher-mass baryon resonances
have remained difficult to establish, both experimentally
and theoretically. Experimentally, most of what we know
comes from the use of hadron beams, most commonly pi-
ons, interacting with nucleon targets, followed by detec-
tion of one or more pions plus the nucleons in the final
state. At higher energies, both the energy overlap problem,
and, above the two-pion threshold, ρ-meson production,
make it more difficult to separate the resonance contribu-
tions. The large number of poorly established higher-mass
resonances listed by the Particle Data Group [6] attests to
the challenge of doing accurate work above the strangeness
threshold near 1600 MeV. Theoretically, there is the well-

a e-mail: schumacher@cmu.edu

known over-supply of baryons predicted in quark models,
the so-called “missing baryons” problem [7], and various
suggested ways that dynamical effects such as di-quarks
could prune the spectrum to something close to what has
been observed [8].

Electromagnetic production of resonances that decay
into strange particles offers two advantages. First, two-
body KY final states are experimentally easier to ana-
lyze than the three-body ππN final states that dominate
decays at higher masses. So, while the cross-sections for
strangeness production tend to be small (on the order of
1 or 2 µb in electromagnetic production) there can be a
pay-off in terms of ease of interpretation of energy and
angular distributions. Second, couplings of resonances to
strangeness-containing final states are expected to be dif-
ferent than coupling to pionic final states [7]. Therefore,
the strangeness sector casts a different light on the reso-
nance excitation spectrum, and thus offers an opportunity
for seeing resonances not revealed clearly using pions.

It must be added, however, that to date the PDG com-
pilation lists only five well-established resonances with
poorly known coupling to the KΛ final state, and none
with couplings to the KΣ0 final state. The most widely
available theoretical calculation of the electromagnetic
KΛ production, the Kaon-MAID code [9], includes a
mere three well-known resonances: the S11(1650), the
P11(1710), and the P13(1720). Thus it is timely and inter-
esting to have additional good-quality photo- and electro-
production data of these channels to see what additional
resonance formation and decay information can be found.
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Fig. 1. Missing-mass plot for the CLAS photoproduction data
set with 2.4 GeV endpoint energy, summed over all kaon de-
tection angles.

2 KY photoproduction

Figure 1 shows the missing-mass spectrum obtained with
CLAS for the real photon reaction γ + p → K+ + X af-
ter kaon selection cuts. The beam of tagged photons had
an electron endpoint energy of 2.4 GeV, and spanned all
photon energies from threshold at Eγ = 0.911 GeV up
to 2.3 GeV. A mass resolution of σ = 6.1 MeV was ob-
tained when averaging over all detection angles and pho-
ton energies. The Λ and Σ0 events were separated from
the background of mis-identified pions using lineshape fits
to missing-mass spectra in each bin of photon energy and
kaon angle.

Our results were binned in 25 MeV steps in W and in
20 bins in the center-of-mass angle of the kaons, cos(θc.m.

K ).
CLAS has acceptance holes in the forward and backward
directions for cos(θc.m.

K ) > 0.9. A Legendre polynomial
moment analysis of the angular distributions was used to
extrapolate into these regions, causing a source of system-
atic uncertainty into the total cross-section results shown
here. The full analysis of the angular distributions will be
discussed in a future publication.

Figure 2 shows the total cross-section for Λ-hyperon
photoproduction. Overall there is fair agreement between
CLAS and previous data from SAPHIR at Bonn [11]. The
CLAS data are preliminary in that we are still working
on 10%-level corrections to the normalization and accep-
tances. Most notable above the threshold region where
the known S11, P11, and P13 resonances dominate, is the
broad unexplained structure centered at 1.9 GeV. This
structure, first seen in the Bonn data, was interpreted by
Mart and Bennhold [10] and collaborators as evidence for
a “missing” resonance at this mass. Based on theoreti-
cal considerations from a particular quark model [7], an

Fig. 2. Total cross-section for Λ-hyperon photopro-
duction measured at CLAS (solid circles). Data from
SAPHIR/Bonn [11] (open triangles) are also shown. The
curves are for effective Lagrangian calculations of Bennhold
et al. as computed by Kaon-MAID [9] (solid), Williams,
Ji, and Cotanch [12] (upper dotted), Saghai [13] (dashed),
and a Regge-model calculation of Guidal et al. [14,15] (dot-
dashed). The lower dotted curve illustrates the effect when
the D13(1900) resonance in the Kaon-MAID calculation is
switched off.

assignment of D13(1900) seemed consistent with the angu-
lar distributions. However, other groups showed that the
same data could be accommodated either with u-channel
exchanges [13] or with an extra P -wave resonance [16]. We
expect the CLAS data to resolve this question when the
full angular distributions are released.

The Regge-model calculation [14,15] shown in fig. 2
is too high by a substantial factor for this channel. The
calculation uses only K and K∗ exchanges, with no res-
onances at all. The prediction was made using a model
that fit high-energy kaon electroproduction data very
well. However, extrapolated into the resonance region, the
model fails. As seen below, it behaves much more as ex-
pected in the case of Σ0 production.

In fig. 3 the total cross-section for the Σ0-hyperon is
shown. In this case, both isospin-(1/2) and isospin-(3/2)
nucleon resonances can contribute. Here there is a peak in
the total cross-section near 1.9 GeV, which has in the past
been associated with the cluster of ∆-resonances in this
mass range. As mentioned earlier, no such resonances have
been reliably shown to have decay branches to strange
final states. These data, as do the previous Bonn data,
clearly show the imprint of resonant decays to KΣ0.

With an unpolarized photon beam and an unpolarized
target, hyperons can still be produced polarized along the
axis perpendicular to the production plane. This is known
as the “recoil” polarization. The large acceptance of CLAS
made it straightforward to detect protons from the de-
cay of hyperons in coincidence with the K-mesons. The
well-known parity-violating weak decay asymmetry in hy-
peron decays permits us to determine this polarization by
measuring the angular distribution of the decay protons.
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Fig. 3. Total cross-section for Σ0-hyperon photopro-
duction measured at CLAS (solid circles). Data from
SAPHIR/Bonn [11] (open triangles) are also shown. The curves
are for effective Lagrangian calculations of Bennhold et al. [17]
as computed by Kaon-MAID [9] (solid), Williams, Ji, and
Cotanch [12] (dotted), and a Regge-model calculation of Guidal
et al. [14,15] (dot-dashed).

Fig. 4. Polarization of the Λ-hyperon as a function of kaon
center-of-mass production angle for a total system mass, W ,
of 1.90 GeV. For comparison, the curves are for the hadrody-
namic calculation of Bennhold et al. [17] as computed by Kaon-
MAID [9] (full), and a Regge-model calculation of Guidal et
al. [14,15] (dot-dashed). The dashed curve illustrates the effect
when the D13(1900)-resonance in the Kaon-MAID calculation
is switched off.

Measurement of this observable is interesting since it is
related to interferences of the imaginary parts of the res-
onant amplitudes with other amplitudes, including Born
terms.

In fig. 4 we show an example of the data obtained at
CLAS, for an energy bin at the peak of the broad KΛ
cross-section rise, W = 1.9 GeV, and for the full range
of kaon angles in the c.m. frame. We see strong negative
polarization of the Λ hyperons when the kaons are in the
forward direction, and an equally strong positive polariza-
tion when the kaons go backward. Our results are consis-
tent with a few older data points from Bonn [11], although
they had no data at this particular energy. It is interest-
ing to see that the MAID calculation is very sensitive to
the presence of the D13(1900) (dashed curve), for indeed
this is the only resonant amplitude included in this cal-
culation in this mass range. This observation is in contra-
diction to the statement made in ref. [10] when discussing
the MAID model in relation to the Bonn data. It is clear
that the MAID model, while providing some back-angle
recoil polarization via a D13 at 1900 MeV, still misses the
measured polarization by a factor of 2 at some angles.
The Regge model is not able to provide any back-angle
polarization, since by construction it has only a t-channel
dominated (forward-angle) production mechanism. CLAS
has polarization data of the sort shown in fig. 4 for the
full range of energies shown in fig. 2, but final systematic
checks are still in progress.

3 KY electroproduction

Moving away from the 4-momentum transfer Q2 = 0 limit
of photoproduction, CLAS has measured exclusive K+Λ
and K+Σ0 electroproduction on the proton for 0.5 <
Q2 < 1.1 GeV/c2 at a beam energy of 2.6 GeV. For unpo-
larized electrons and target, and after dividing out the flux
of virtual photons in a given bin of W and Q2, the cross-
section for pseudo-scalar meson electroproduction reads:

dσγ

dΩK
= σT + εσL + εσTT cos(2φ)

+
√
2εL(ε+ 1)σLT cos(φ) ,

where ε is the polarization parameter of the virtual
photon, and φ is the azimuthal angle between the
electron-scattering (e, e′) and the hadronic (KY ) planes.
Exploiting the φ-dependence of the process allows one
to pick out the interference cross-sections at a given Q2,
W , cos(θc.m.

K ), and ε, or, using the Rosenbluth technique,
separating the transverse (σT) and longitudinal (σL)
cross-sections.

At CLAS we have determined the so-called unsepa-
rated transverse and longitudinal cross-sections (σT+εσL)
and, for the first time in the resonance region, the inter-
ference cross-sections σLT and σTT. The W range was the
same as in photoproduction. At the amplitude level, the
electron scattering interference responses σLT and σTT are
related to real photon measurements of polarized beam
asymmetries, and so they are sensitive to some of the same
structure information [18].

In fig. 5 we show the missing-mass spectrum for hy-
peron electroproduction, again summed over all of CLAS,
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Fig. 5. Missing-mass plot for the CLAS data set with 2.6 GeV
electron energy, summed over all kaon detection angles. The
resolution is 7.5 MeV. The background, due to mis-identified
pions, was removed via line-shape fitting that included radia-
tive effects.

and for the full range of Q2 that was measured. The res-
olution is similar to the real photoproduction case shown
in fig. 1. The radiative tails can be seen on the high-mass
sides of the hyperon peaks. After dividing into bins ac-
cording to the kinematic variables in the problem (W , Q2,
cos(θK), φ), the missing-mass spectra were fit to individu-
ally calculated lineshapes that included pion background.

In fig. 6 we show the φ-dependence of the cross-section
for Λ and Σ0 electroproduction in one specific bin, near
W = 1.9 GeV, where in photoproduction there is a broad
maximum in the cross-section. One sees that the interfer-
ence behavior is very different: σLT for the two hyperons
will have opposite signs, and σTT for the Λ is small while
for the Σ0 it is large. The kinematic dependence of the
cross-section structure functions show that Λ’s and Σ0’s
are produced very differently. t-channel processes seem
to dominate Λ production, with large contributions from
the longitudinal part of the interaction. Production of
the Σ0-hyperon is more s-channel resonance dominated.
The cross-section results are not quite final enough for
inclusion here.

4 Other CLAS results

Space does not permit an extensive review of the other
CLAS results discussed in this presentation. In several
cases the results are now available elsewhere. The CLAS
results for E1+/M1+ for the N → ∆ transition have been
published [19] and will not be reproduced here.

Recent measurements of η photoproduction have been
made that extend the differential and total cross-section
measurements up to W = 2.13 GeV, well above the previ-
ous limits defined by experiments at Mainz and GRAAL.
These results have been submitted for publication and are
available [20].

Fig. 6. Dependence of the hyperon electroproduction cross-
sections on φ in a given kinematic bin: W = 1.900±0.025 GeV,
Q2 = 0.7 ± 0.2 (GeV/c)2, and cos(θc.m.

K ) = −0.3 ± 0.1
The vertical scales are arbitrary. The fits are of the form
A + B cos(φ) + C cos(2φ).

CLAS data for electroproduction of two-pion and of ω-
meson final states show some evidence [21] for new struc-
ture in the higher-mass baryon resonance excitation re-
gion. Collectively, the new results from CLAS indicate
that we have entered a new era of experimental progress
in the baryon resonance problem.

Work on finalizing the hyperon cross-sections and po-
larizations shown here should be completed by the end
of 2002. The main qualitative conclusion is already clear:
these data show significant unexplained baryon resonance
structure at higher masses. New amplitude-level analyses
are called for to more fully unravel the structure of hy-
peron photo- and electro-production.
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