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Abstract

Experimental information on the spectrum, structure, agchgls of strangeness2 Cas-
cade baryons is sparse compared to non-strange and stegssgdnbaryons. It is argued that
an experimental program at Jefferson Lab using the phaidtation and the GlueX detector
to study the physics of Cascades is of considerable infesieste it is likely that the lightest
Cascade baryons of a given spin and parity are relativelpwalf this is verified in an exper-
iment, this would confirm the flavor independence of the camdjimteraction that is assumed
in models. These narrow widths may also make it possible @soe the isospin-symmetry
violating mass splittings in a spatially-excited baryon ttoe first time. Copious data for ex-
cited strangeness1 baryons will be collected along with the data for Cascadedyes in
such an experimental program. Photo-production reactidnish can be used to study ex-
cited Cascade baryons are described, and simulations roadelérstand the production of
a ground-state and an excited-state Cascade baryon in tleX@xperiment are discussed,
along with possible sources of background.

1. Introduction

The spectrum of multi-strange hyperons is poorly knownhwitly a few resonances whose
existence is well established. Among the doubly-strangest the two ground-state Cas-
cades, the octet membgrand the decuplet membgr(1530), have four-star status in the
RPP L], with only four other three-star candidates. On the otlaardh more than 207* and
A* resonances are rated with at least three stars by the Bddiadh Group (PDG). Of the
six = states that have at least three-star ratings, only two stellivith weak experimental
evidence for their spin-parity/”) quantum numbersz(1530) §+ [2], =(1820) 2™ [3]. All
otherJ? assignments are based on quark-model predictions.

Flavor SU(3) symmetry predicts as magyesonances a¥* andA* states combined, sug-
gesting that many more Cascade resonances remain undisdoVée three lightest quarks,
u, d, ands, have 27 possible flavor combinatios® 3 ® 3 =1 $ 8 & 8’ ¢ 10 and each

multiplet is identified by its spin and parity,”. Flavor SU(3) symmetry implies that the
members of the multiplets differ only in their quark makeapd that the basic properties of
the baryons should be similar, although the symmetry is kntmabe broken by the strange-
light quark mass difference. The octets consisVof A*, ¥*, and=* states. We thus expect
that for every/N* state, there should be a correspondifigstatewith similar properties. Ad-

ditionally, since the decuplets consistaf, >*, =%, and)* states, we also expect for every
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A* state to find a decuplé&t* with similar properties. In a simple quark model pictureg th
strange states will fit into multiplets which correspondroge of the:, d sector. However,
it could be that the dynamics of the excited baryons diffenfrthose of the lower-lying
states; for example, the pattern of their decays may beragsieally different. Parity dou-
blets may appear in some sectors with increasing mass. &ha@uexpect doubly-strange
baryons with properties similar to those of th¢1405) with J” = 1/2~ and the Roper
N* with J¥ = 1/2%, which do not fit easily the conventional picture of threertygan the
baryon? The dependence of the physics of these unusua statde number of strange
quarks is of crucial importance to our understanding of themch motivates the collection
of a significant database on multi-strange baryons.

. = Spectrum and Decays

The = hyperons have the doubly-strange quark content) and |ssd ). An interesting
feature of the&Z spectrum is that there are fewer degeneracies than in tiedigark baryon
spectrum. If the confining potential is independent of qui#akor, the energy of spatial
excitations of a given pair of quarks will be inversely prapmal to their reduced mass.

If all three quark masses are the same, the excitation eradrgither of the two relative
coordinates will be the same, which will lead to degenersaiethe excitation spectrum.
However, with two strange quarks and one light quark, thét&kon energy of the relative
coordinate of the strange quark pair is smaller. This melatsthe lightest excitations in
each partial wave are between the two strange quarks, ahdhthalegeneracy between
excitations of the two relative coordinates is lifted. Tipestrum of= baryons calculated
using the relativized quark modef][along with information abouE states extracted from
experiment is shown in Figure A comparison of results from this model for the masses of
non-strange and strangeneskbaryons with those extracted from experimental data makes
it likely that the lowest-mass positive-parity excitétistates are lower than shown in Fig.
and that the spectrum of negative-parity excited stategldhve larger splittings.

In the absence of configuration mixing and in a spectatorydewadel, = states with the
relative coordinate of the strange-quark pair excited oadecay to the ground stafand

a pion, because of orthogonality of the part of the spatialexfanction between the two
strange quarks in the initial excited state and in the finaligd state. Having instead to
decay to final states that include Kaons rules out the decaynet with the largest phase
space for the lightest states in each partial wave, sulisiigmeducing their widths%]. This
selection rule is modified by (configuration) mixing in thewsgunction; however, color-
magnetic hyperfine mixing is weaker fhstates because this interaction is smaller between
quarks of larger masses. The flavor-spin [SU(6)] couplingstants at the decay vertices
for N, A — N=, Ar are significantly larger than those far =* — ==, =*r decays §],
which also reduces these widths. The result is that the welk lower-mass resonances
have widthd = of about 10 - 20 MeV, which is 5 - 30 times narrower than is tgpfor N*,

A, A, andX states.

The first excited state with nucleon quantum numbers, theeR@sonance at 1440 MeV, is
interesting because its low mass is hard to explain in mam@$aining only three quarks.
It is likely that this is because the pole position of thisorance is shifted because of strong
coupling to theV 77 channel, which also contributes to its large width of abd&@ BleV. Ex-
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Figure 1: Relativized model spectrum ®fbaryons f#i] below 2300 MeV (red bars) compared to
masses extracted from experiment and their uncertairdaa® green bars for well known states,
light green bars for tentative states). Experimental staiéh undetermined spins and/or parities
are placed in the last column on the right.

traction of its properties from partial-wave analysisi@f scattering and photo-production
data is made difficult by a complicated pole structure andhbytresence of a second nucleon
resonance withy” = %Jr at 1710 MeV with a width of roughly 100 MeV. The equivalent

=* state should be quite narrow and so be relatively easy taatepom the nexE* 1™,
which itself should be relatively narrow, and from the ligit negative-parity excitations,
which are also relatively narrow.

These features render possible a wide-ranging progranudy she physics of the Cascade
hyperon and its excited states. The study of these hypeest®bused until recently on their
production inK ~p reactions, although son# states were found using high-energy hyperon
beams. Photo-production appears to be a very promisingnatiee. Results from earlier
Kaon-beam experiments indicate that it is possible to predne= ground state through the
decay of high-mas¥™ states T-9]. It is therefore possible to produce Cascade resonances
throught-channel photo-production of hyperon resonances usinghlogo-production re-

42



actionyp — KK Z=*). The CLAS collaboration investigated this reactidi®][ but no
signicant signal for an excited Cascade state was obseotieel, than that of the decuplet
ground staté&(1530). The absence of higher-mass signals is very likely due téothigpho-
ton energies available to these experiments and the liratteelptance of the CLAS detector.
Equipped with a Kaon-identification system, the GlueX expent will be well suited to
search for and study excitéresonances.

To summarize, it would be interesting to see in a Cascadeggsogram at Jefferson Lab
the lightest excite®* states of a given spin and parify’ decoupling from thé&r channel,
confirming the flavor independence of confinement. Measunésé the isospin-symmetry
violating mass splittings{*~ — =*°) in spatially excited Cascade states are also possible, for
the first time in a spatially-excited hadron. Currently, xgglittings liken —p or A® — AT+
are only available for the octet and decuplet ground statégsre hard to measure in excited
N, A andX, ¥* states, which are broad. The lightest Cascade baryons pestex to
be narrower, and measuring the — = splitting of spatially-excitedE states remains a
strong possibility. Such measurements would allow an @stigng probe of excited-hadron
structure, and would provide important input for quark medehich explain the isospin-
symmetry violating mass splittings by the effects of thdedénce of theu- and d-quark
masses and of the electromagnetic interactions betweeutr&s.

. = Searches using the GlueX Experiment

The Cascade octet ground state8, =) can be studied in the GlueX experimefia ex-
clusivet-channel (meson exchange) processes in the reactions

= KY" - KT (2 K"), K" (2°K°), K°(E°K™"). (1)

The production of such two-body systems involving garticle also allows the study of
highly-excitedA* and X* states. Initially, the= octet ground states={ and=-) will be
challenging to study via exclusivechannel (meson exchange) production. The typical final
states have kinematics for which the baseline GlueX deatbet®very low acceptance due to
the high-momentum forward-going Kaon and the relatively-lnomentum pions produced
in the= decay. However, the production of tBedecuplet ground stat&,(1530), and other

=* states decaying t@r results in a lower momentum Kaon at the upper vertex, andiéieav
= states produce higher momentum pions in their decays.

The Cascade decuplet ground st&i€l530), and other excited Cascades can be searched
for and studied in the reactions

w— KY* - KT (Z2x)K°, K" (Ex)K*, K°($ (2)

The lightest excite states of a given spin and parify’ are expected to decouple frdax
and can be searched for and studied in the reactions

p = KY* - K" (KA)z« KT, KT (KA)=zo- K, K°( KA)zo- KT, (3)
v — KY* - Kt (KX)z« K", KT (KX)z0- K°, K (KX )z0- K. (4)
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Figure 2: Generated momentum versus polar angle for alks¢ractthe simulated reactions (a)
vp — KTZ7(1320)K* and (b)yp — K™ ="(1820)K*. The decay of the Cascade resonance
and assigments of final-state particles to observed higsityaegions in phase space are described
in the plots.

Our simulations and application of state-of-the-art asialyools [L1] show that background
from competing hadronic reactions will be much reduced bseaf the unique signature
provided by the two associated Kaons in photo-productiorgombination with the addi-
tional information found by analyzing the weak-decay seleoy vertices of ground-state
strangeness 1 hyperons in the final state.

However, decays such as* — ¢A, ¢> might contribute to the background for certain
final states. Larger contributions to the background wilrenlikely come from events with
pions misidentified as Kaons, as well as other reconstnuetim detector inefficiencies. To
extract small Cascade signals at masses above(i0), it will therefore be important to
reduce the background by kinematically reconstructingete final states. A full exclu-
sive reconstruction also enhances the possibility of balslg to measure thé” of these
states.

We have simulated the production of the(1320) and="(1820) resonances to better un-
derstand the kinematics of these reactions. The photodptimh of the=~(1320) decaying

to 7~ A and of the=~(1820) decaying toAK ~ is shown in Fig.2. These reactions results
inthe KT K*tr~n~pand K+ K+ K~ = p final states, respectively. Reactions involving ex-
cited Cascades have “softer” forward-going Kaons, andetiemore energy available on
average to the Cascade’s decay products. Both plots shew thgions of high density.
The upper momentum region-(4 GeV/c) consists of forward-goind(™ tracks from the
associated production of an excited hyperon. The middle emdom regions (1-2 GeV)y
are a mixture ofK —, K, and proton tracks, while the lower region (below 1 G&\ton-
tains mostlyr~ tracks. The high-momentum Kaon tracks with momenta largen about
2.5 GeVE cannot be identified with the current GlueX PID system. Shawfig. 2 in
solid (red), dashed (green), and dotted (blue) are the megbphase space where the ex-
isting time-of-flight (TOF) detector, the proposed Hadrdm& RICH (HBRICH) detector,
and proposed gas Cherenkov detector provide pion/Kaornimis@ation at the four standard
deviation level 12].
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