
September 13, 2013 13:3 WSPC/INSTRUCTION FILE
Moriya˙CLAS˙Lambda1405

International Journal of Modern Physics: Conference Series
c© World Scientific Publishing Company

Measurement of Excited Hyperons in Photoproduction at CLAS

Kei Moriya

Department of Physics, Indiana University,

Bloomington, IN 47405-7105, USA

kmoriya@indiana.edu

Reinhard A. Schumacher

Department of Physics, Carnegie Mellon University,

Pittsburgh, PA 15213, USA

schumacher@cmu.edu

for the CLAS Collaboration

Received September 13, 2013

Revised September 13, 2013

Measurement results of photoproduced excited hyperon states using the CLAS detector
at Jefferson Lab are shown. The invariant mass distribution of the Λ(1405) has recently

been shown to be different for each of the three Σπ channels that it decays to, showing

that there is prominent interference between the isospin I = 0 and I = 1 isospin am-
plitudes. Measurements of the differential and total cross sections of the three hyperons

Λ(1405),Σ0(1385), and Λ(1520) are presented and compared. Prospects of future studies

using a 12 GeV beam with the GlueX detector are briefly given.
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1. Introduction

Photoproduction of excited hyperon states has not yet been studied in detail com-

pared to the production of the ground state hyperons. It has been suggested that

some of the so-called “missing” N∗ resonances may have relatively strong couplings

to states besides πN , for example the K+Y states, which may lead to a solution

to the missing baryon problem. Recent works 1 show that indeed some of the reso-

nances have couplings to the ground state K+Λ and K+Σ0 states.

While the coupling to intermediate N∗ states is an interesting problem, the

nature of the excited hyperon states themselves is also an interesting topic, as

are the photoproduction mechanisms. Below we present some of the recent excited

hyperon measurements on the Λ(1405),Σ0(1385), and Λ(1520).
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2. Λ(1405) Line Shape Measurements

The Λ(1405) is a state of interest due to its peculiar Σπ invariant mass spectrum,

or “line shape”. It has been suggested in chiral unitary coupled channel studies that

the Λ(1405) is a dynamically generated resonance 2, and a calculation within this

framework predicted that each of the different Σπ line shapes would be different 3.

In recent years, there have been several measurements of the Λ(1405) 4 in various

reactions, and this has lead to an exciting interplay between theory and experiment.

Together with the Σ(1385) and Λ(1520), these are the lightest hyperon resonances,

with spin-parity numbers of 1/2−, 3/2+, and 3/2−, respectively. As each hyperon

has different quantum numbers, a comparison of the production of the three states

may reveal characteristics that are specific to the state or are otherwise common to

the photoproduction mechanisms of each state.

The CLAS detector was located in Hall B of the Thomas Jefferson National

Accelerator Facility (JLab), and utilized a real photon beam for photoproduction

experiments. We report on the reactions γ+p→ K+Y ∗, where Y ∗ is one of Λ(1405),

Σ0(1385), or Λ(1520). The subsequent decays are into the Σπ channels for the

Λ(1405) and Λ(1520), and Λπ0 for the Σ0(1385). Details of the analysis can be

found in Refs. 5 and 6. The line shapes of the Λ(1405) in two center-of-mass (c.m.)

energy bins W are shown in Fig. 1.

Fits to extract the pole positions were performed in Ref. 7, and examples of the

fit results are shown as the curves Fig. 1. The fits were done with relativistic Breit-

Wigner functions that had a Flatté-type modification 8 to accommodate the strong

coupling to the NK state above that threshold, and assigned an isospin of either I =
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Fig. 1. Line shape of the Λ(1405) for each Σπ channel in two bins of W . The symbols are Σ+π−

(red circles), Σ0π0 (blue squares), Σ−π+ (green triangles). The data are from Ref. 5, and the curves
from Ref. 7. The dashed vertical line shows the NK threshold, where a drop in the intensity is

seen for all line shapes.
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0 (solid and dashed black) or 1 (dotted black) so that the contributions from pure

isospin amplitudes could be accounted for in each Σπ channel. The amplitudes were

allowed to interfere coherently with each other, and reproduced the data well9. While

measurements of all three Σπ line shapes represents great progress in the data from

photoproduction, more data from other reactions are wanted since theory predicts

that the population of the two poles of the Λ(1405) depends on the reaction 2.

3. Cross Sections

Measurements of the photoproduction differential cross sections of the

Λ(1405),Σ0(1385), and Λ(1520) were recently reported in Ref. 6. We begin with

the differential cross sections of the three Σπ channels from the Λ(1405). Due to

the presence of higher mass states, the range of integration was fixed to be from Σπ

threshold up to a Σπ mass of 1.5 GeV/c2. Fig. 2 compares the three Σπ channels for

two W bins, and are plotted against cos θc.m.
K+ . Fig. 2(a) is near production thresh-

old, and we see stark qualitative differences between the three channels. This result

was totally unanticipated, and further strengthens the case that there is a strong

interference among different isospin channels near the Λ(1405). If this is the case,

this shows that the isospin interference is dependent not only on the c.m. energy,

but also on the production angle of the Λ(1405). It is interesting to note that this

difference appears only in the near-production-threshold bins, where the difference

in line shapes is prominent. Figure 2(b) is for a higher energy bin, and here we see

that all three channels exhibit the same kind of forward-peaked behavior.
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Fig. 2. Comparison of the differential cross sections for each Σπ channel of the Λ(1405). The
data points for Σ+π− are shown with red circles, Σ0π0 with blue squares, and Σ−π+ with green
triangles.

Next, we turn our attention to the comparison of the differential cross sec-

tions of the three hyperons. These results present first-time measurements of all

three excited hyperons together within the same setup. Figures 3(a–d) compare the
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differential cross sections of the three excited hyperons for different energies. The

Λ(1405) is represented by the sum of all three measured Σπ channels. The Σ0(1385)

and Λ(1520) have been corrected for the branching ratios to Λπ (87.0%) and Σπ

(42%), respectively. A comparison of the three differential cross sections shows that

while the production of Λ(1520) is suppressed near production threshold compared

to the Λ(1405) and Σ0(1385) due to its heavier mass, it has a larger cross section

at higher energies. All three hyperons exhibit forward-peaked behavior at higher

energies, suggesting that K(∗)-exchanges are the main production mechanisms for

all states.
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Fig. 3. Comparison of differential cross section for Λ(1405) (blue triangles), Σ0(1385) (black
circles), and Λ(1520) (red squares) for four different W bins.

The differential cross sections were extrapolated to determine the total cross

sections and are shown in Fig. 4, together with measurements for the ground state

K+Λ andK+Σ0 from Ref. 10. We see that although the Y ∗ cross sections are smaller

than those for the ground state hyperons, there is still prominent production of the

excited hyperons. Our binning in energy has been driven by having enough data
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within each bin to measure the Λ(1405) line shape accurately, but further analyses

of these cross sections may show couplings to intermediate N∗ states.
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Fig. 4. Total cross section comparisons for Λ(1405) (blue triangles), Σ0(1385) (black circles), and
Λ(1520) (red squares). For comparison, the total cross sections for K+Λ (open green circles) and

K+Σ0 (open magenta squares) are shown.

4. Future Plans with 12 GeV

Further studies of strangeness will soon be possible at JLab, with many upgrade

efforts ongoing. The accelerator is being upgraded to a maximum energy of 12 GeV,

and a new experimental Hall D is being constructed, which will house the GlueX

detector. The GlueX experiment 11 will be a photoproduction experiment using a

linearly polarized photon beam, with a hermetic detector for large angular cover-

age. The primary goal of GlueX will be to search for mesons with exotic quantum

numbers which are not allowed in a simple qq model. This will be done by search-

ing for and mapping out multiplets of mesons with specific quantum numbers, and

comparing the resulting spectrum with that of theory. Recent results from lattice

QCD 12 show the existence of meson states that can be thought as having large

constituent gluon components. Comparison with these results as well as other the-

ories will validate whether our understanding of how QCD works at these energies

is correct. Besides extensive searches for flavor multiplets of mesons, a rich physics

program is possible due to the all-purpose detector, and this includes searches for

excited Ξ and Ω states. Installation of detectors in the hall has already started, and

beam commissioning is scheduled to start towards the end of 2014. With the large

statistics expected to be accumulated over years of running, there is potential for

many new and exciting studies.
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5. Summary

The photoproduced line shapes of the Λ(1405) in all three Σπ channels have been

presented, as well as the differential cross sections of the Λ(1405),Σ0(1385), and

Λ(1520). The differential cross sections of the Λ(1405) in each Σπ channel have

stark differences, which appear in near-production-threshold energies where the dif-

ferences in line shapes are also prominent. The differential cross sections for all

three excited hyperons exhibit a strong forward peak at higher energies, and the

total cross sections are comparable to those of ground state hyperon production.
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