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Abstract

Compared to the many recent experimental progress made imutieon resonances, the
advances in hyperon spectroscopy have been scarce. Tealamunt of photoproduction data
that have been collected in the past decade by the CLAS co#libn, and the next generation
of experiments to be erson Lab, will make it possible to itigese the production mechanisms
of all three sectors of hyperon states. It could also becoossible to discover the missing
hyperon states as expected by various quark model preascéind Lattice QCD calculations.

1. Introduction

The strange quark plays an important role in understandiegtrong interaction of nucle-
ons. Even though photo- and electroproduction of strarggehas been carried out since
the 1950s, there is still no unambiguous and comprehensbeehdescribing the reaction
mechanism of baryon and hypera$t £ —1, —2 and—3) resonances. This is due, in part,
to the difficulties encountered in modeling the strong iat&on in the non-perturbative
regime. As such, the problem has been approached througiséhef effective field the-
ories [14], Regge modelsq] and hybrid Regge-plus-resonance (RPR) mod&|3][ and
more recently, through coupled-channel analy8e$]]. All of these methods require large
and precise data sets in order to constrain fitting parasieéteaddition to the crucial study
of the strange-quark production mechanism itself, an itgpdmpart of these efforts is the
identification of nucleon and hyperon resonances predibtedarious QCD-based mod-
els [12-14] but not previously observed. Recent progress in the hypseators in lattice
calculations 15] has also made it more urgent to obtain experimental datenpaced with
the nucleon resonances sectors, the status of hyperorragumagy leaves much to be de-
sired. In the search for missing nucleon resonances, a rddfmulty arises from many
overlapping broad states. Cascade resonances are typiuath narrower and compara-
tively easier to identify. The statuS = —1 hyperon states lie somewhere between the
nucleon resonances and the cascade sector. In particola than 30 excited states are pre-
dicted to lie betweeR GeV and2.3 GeV [13]. Currently, there are only fiv§ = —1 states
considered to be established, with three or four star ratitige PDG [L6] in that region. On
the other hand, the = —3 )~ state has never been observed in photoproduction. The main
issue with the multi-strangeness sector can be attribotdetlack of experimental data as a
result of small cross sections. With the existing high sta$ data that have been collected in
the past decade at Jefferson Lab, and the future experim€nes12 and GlueX, there is a
significant opportunity for making progress at all threetgecof the hyperon spectroscopy.

2. Photoproduction Mechanism for Hyperons

With a high energy photon beam, it is generally understoat hlgperons can be produced
via a series of kaon exchanges. Near threshold, the contniisufrom intermediate nu-
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cleon resonances that decay to strange particles, susMaand K3, are expected to be
significant. In fact, recent CLAS dataT7, 18] on the polarization observables farand>:
photoproduction have played an important role in estaisigshucleon resonances. However,
the non-resonance contributions of hyperon photoprodncémain not entirely understood.
For example, a recent stud$9 showed that\ photoproduction on a proton target, seems
to be consistent with onlk exchanges:® photoproduction on a proton target, on the other
hand, has comparable contributions from batrand K* exchanges. Decay angular distri-
butions for excited hyperons such /&gl 520), have been investigated in the past to probe the
exchange mechanism in both photoproducti®d@ and electroproduction2[l]. However,
higher statistics was needed. Recent CLAS data @r520), A(1405) andX(1385) photo-
production R2] are also suggestive of the contributions of intermediatdeon resonances.
The non-resonance contributions for these states can thefugonstrained by investigating
these states at higher energies, expected to be feasieéhaChAS12 and GlueX.

. Beam Helicity Asymmetry in K™ K~ Photoproduction

ExcitedS = —1 hyperons could be produced in reactions suckyas: pK ™ K~. However,
such a reaction also has significant contribution from memliate meson resonances that
decay toK K. This would be even more complicated in the analogous k@adti the nu-
cleon sectoryp — prt7~, where the two pion photoproduction is believed to be imgutrt
for identifying the missing nucleon states. In that reattiooth pions can also resonance
with the nucleons, in addition to them being the decay prtsoiintermediate meson states.
The K K~ photoproduciton, on the hand, does have the advantage die kack of N K
resonances. In the end, however, the complete understaontiivvo pesudoscalar meson
photoproduction typically still rely on models using effiee lagrangian approach. In par-
ticular, it is important to point out that polarization obgables such as the beam helicity
asymmetry/® is expected to be sensitive to the interference of the vaompeting mech-
anisms R3], and essential to extract the information of the interragglresonances.

The beam helicity asymmetdy?’ (1), is defined by

1 of(r)—0o (1)

O(r) —
() P (1)ot(r)+ o= (1)’

(1)

wherer is a kinematic bin, and™ is cross sections for photons irdahelicity state. /®

is typically measured as a function of the angldetween different planes, such as the
K*K~ plane and the production plane in the center-of-momentamér Although the
beam helicity asymmetries have been measured in reactichsasyp — pr* 7~ [24], no
data exist for the two-kaon counterparts. The CLAS expeanin&®4-005 (g12)25], using

a photon beam with energies upia GeV, and circular polarization up %, has made

it possible to perform these measurements for the two-kdmtoproduction on a proton
target R6]. In Fig. 1, the asymmetries between the” K andr— = are shown together, for
events withE,, > 2.8 GeV, as a function of the angle between the two-meson plathé¢han
production plane. The features of the two reactions arestlly different, with the two-pion
channel showing a dominasin(2¢) behavior, while the two-kaon data is mostly changing
as a function okin(¢). This could be due to the fact of that two-kaon photprodurisonot
expected to have contributions pfi* resonances, whilpr*/~ resonances are certainly
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Figure 1: The beam helicity asymmetries, as a function,dér the reaction ofyp — pr™ 7 (red

solid circles), andyp — pK* K~ (blue solid squares), from the g12 data setis the angle
between the production plane and the two-meson plane. Baéisare integrated over for tie,

range of2.8 — 5.4 GeV and other kinematic variables.

not forbidden. However, in order to further probe the ungded contributions of various
intermediate resonances, the beam helicity asymmetry bausteasured as a function of
various kinematic variables, suchagFig. 2) andt.

The angular dependence of the asymmetries, can be fitteddoraeFseries. The sensitivi-
ties of these Fourier coefficients to kinematic variableshsasp K~ invariant mass (Fig3),

as well as the definition of the planes, are indicative of thesgble contributions of various
intermediate hyperon resonances. However, it is impottgmbint out that these results must
be combined with cross section measurements, in order toderaneaningful constraints
for the production models of two-kaon photoproduction. Séhefforts are in progress, and
could further our understanding of the intermediéite —1 hyperon resonances.

4. Cascade Polarization in Photoproduction

Recent CLAS data established that the lowest excited cascadch as(1320) and=(1530),
can be produced copiously using a photon beam and a thiokt timghigh luminosity 7).
Cascade production is also intimately related to excitgoehyns £8,29.. The S = —1
hpyeron states abo\v&GeV can be studied in unique channels suckhas— =~ K, as
well as the typical decay mode &f — NK ). Similar to the important roles of the and

Y polarizations played in extracting the information of theermediate nucleon resonances,
the=" polarization has also been expected to be essential inragnag the contributions
of various intermediate high-mas§s= —1 hyperons states. Due to the self-analyzing nature
of the=(1320) weak decay, its polarization can be measured in variousopiatleon reac-
tions. In reactions such ap — K K*T="(1320), with two pseudoscalar mesons () and
oneJ = % baryon E~(1320)) in the final state, the expectation f&r polarization could be
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Figure 2: The beam helicity asymmetries as a functiow,oére fitted to a Fourier series up to
sin(3¢). The coefficients are plotted as a function/ot
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Figure 3: The beam helicity asymmetries as a functiow,oére fitted to a Fourier series up to
sin(3¢). The coefficients are plotted as a functiorpdf — invariant mass

very different from that ofA in vp — KA. In fact, recent results on the polarization ob-
servables in reactions suchgs— 7w NV, using a more realistic three-body framewadsKl|
suggests that the—(1320) polarization in all three directions could be non-zero. didia
tion, quasi-two-body models f&~ photoproduction also suggest non-z&ro transferred
polarization (C.) [28]. Therefore, the measurement®f polarization is an important tool
to reveal the production mechanism, for which differentralss section measurements alone
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are not sufficient.

Recent CLAS data collected by the experiment E04-005 hasritael measurement of
=~ polarization in photoproduction possible for the first tif84]. In reactionyp —
K*K*n~(A), the=~ was constrained from both tHé™ K™ missing mass and~ A invari-
ant mass. Tha is identified using the missing mass technique. Ehadecay is then fully
reconstructed. The circular polarization of the beam isation of the beam energy and the
electron beam polarization, allowing the determinationhaf transferred polarizatiorns,
andC', as well. Thez-axis is along the beam, and thexis is along the norm of the produc-
tion plane, defined by the beam, target atidvectors in the center-of-momentum frame.
Preliminary results of the measured polarizations are shasva function oE~ center-of-
momenum angle, in Figl. These results are compared with calculations using pdeame
from Ref. 28], and Ref. R9], which includes contributions from intermediate hypesavith

J > % It is important to point out that the lack of statistics i txisting data does not pro-
vide any differentiating power for distinguish the moddisrture experiments, discussed in
the next section, will certainly be able to take these meamants to the necessary levels.
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Figure 4:=~ polarization observables (Top’, Middle: C,, Bottom: C',) as a function of, (Left)
and=" angles in the center-of-momentum frame(Right). Only tla¢istical uncertainties, which
are dominant, are shown. The red solid curve is based on tdelrfrom Ref. R8], using pseudo-
vector coupling. The blue dash-dotted curve uses pseularsoupling. The green dashed curve
includes contributions from intermediate hyperons witk % [29]. The theoretical curves are for
E, =4GeV.

5. 2~ Photoproduction and the Very Strange Experiment at CLAS12

The prediction and discovery of tHeé~ baryon certainly was one of the great triumphs
of the quark model. However, half a century later, there heenMittle new information
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about the2 and = baryons. In fact, only twd@) states and si¥ states are considered to
be well-established, with at least three-star ratings @RBG [L6]. Production of doubly-
or triply-strange baryons by means of a photon beam (as withSCcurrently and with
CLAS12 and GlueX in the future) is expected to shed light andknesis of these states
which involves the production of multipkes pairs from the vacuum. This significant change
in baryon strangeness number from initidl & 0) to final state § = —3, —2) could re-
sult from direct production via vector-meson dominanceonfa sequence of intermediate
transitions. Inference on the production mechanisms afelstates inp collisions can be
obtained from precision measurements of the cross seatidrhee invariant mass of these
states.

The CLAS12 Very Strange Experiment, E12-11-0083,[is expected to yield valuable data
in the physics of2 and cascade states. This experiment takes advantage afdleddimi-
nosity after thel2 GeV upgrade at the Thomas Jefferson Laboratory. Using th&S1P
spectrometer and the Forward Tagger (FT) for the quasipteation beams, E12-11-005a is
expected to yield unprecedented statistics in the proolicd Cascade and Omega baryons.
Excited cascades can be investigated in reactions sugh-as K * K "= (1820), = (1820) —
K~A, A — pr—. This would allow the determination of the spin and parityhe observed
excited cascade state®3]. The polarization of ground stateé can also be measured with
uncertainties sufficiently small to constrain productiondals that currently can not separate
the contributions of various intermediate hyperon resoaanAs for the2~ photoproduc-
tion, detailed differential cross section measurementsbeperformed, necessary for the
understanding the production mechanism, differentiatargpus models such as vector me-
son dominance and a sequential decay of intermediate .states

The expected statistics of various reactions for E12-13a0 summarized in the Table 1:

Detected Particles Measured Decays Total Detected

Q- K+tK+TKO ~ 7k
- KtKTKOK- 0" ~ 1k
== K+tK+mn~ =- ~ 0.9M
=-(1530) K+K*m- =-(1530) ~ 270k
=-(1820) K+tK*Kp =-(1820), A ~ 12k

Table 1: Expected Particle Rate for the CLAS12 Very StrangeeEment (E12-11-005a), based
on the simulation including detection efficiency and branghatios. 80 beam days were assumed.

6. Summary

With the effort of the Jefferson Lab2 GeV upgrade ongoing, and the next generation of
high statistics photoproduction experiments expecteddiol yinprecedented amount of data
for hyperon states, it is an exciting time for hyperon spestopy. The existing data from
the CLAS collaboration have already demonstrated the bd#giand importance of the
various polarization observables in hyperon production,its relation with the intermediate
resonances. Future data from both CLAS12 and GlueX will ndotiprovide more detailed
measurements to understand the production mechanisme wétious hyperon states.
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