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We express our interest to create secondary K9 beam at JLab to use it with GlueX setup in Hall
D for spectroscopy of excited hyperons through formation as well as production processes.

At first stage an electron beam of CEBAF with a current in the range I. = 3 — 5uA will interact
with a radiator to produce bremsstrahlung photon beam. The collimated photon beam impinging
on secondary 1-2 radiation length Be target installed 85 m downstream of beamline will produce a
flow of K2 mesons, which then interacts with a physics target installed 16 m further downstream.
To stop the photon beam a thick lead absorber (I ~ 30 radiation length) will be inserted into the
beam line and will be followed by a sweeping magnet to deflect produced charged particles flow.
Our preliminary simulations show that the rate of neutrons will be comparable or less level for
momenta above Pro > 1 GeV/c and rises sharply only at very low momenta. This is one of the

great advantages of K? production in electromagnetic interactions, as with primary proton beam
the rate of neutrons is about 10% times higher than that of K2 [1], which creates huge rate of
neutron initiated events.

We estimated the flux of K¢ beam on the GlueX physics target in the range of few times 10 /sec
up to 10*/sec, to be compared to about 102K /sec used at SLAC in LASS experiment [2] and
almost comparable to charged kaon rate obtained at AGS [3] and elsewhere in the past. Momenta
of neutral kaons will be measured using time-of-flight technique. Our studies show Ap/p ~ 0.3% of
K? momenta can be achieved.

These measurements will allow to perform studies of very poorly known multiplets of A, X, =
and 2 hyperons with unprecedented statistical precision, and have a potential to observe dozens of
predicted states and establish quantum numbers of already observed hyperons listed in PDG [4].

The possibility to run with polarized target and measuring recoil polarization of hyperons will
open up a new avenue to the complete experiment.

*Contact person, email:mamaryan@odu.edu.
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I. INTRODUCTION

Our current understanding of strong interactions is embedded in Quantum Chromodynamics (QCD). However,
QCD being a basic theory and extremely successful explaining plethora of experimental data in perturbative regime,
faces significant challenges to describe the properties of hadrons in non-perturbative regime. Constituent Quark
Model (CQM) is surprisingly successful in explaining spectra of hadrons, especially in the ground state, however
CQM appears to be too naive to describe properties of excited states. It is natural that excited states are not simply
explained with spatial excitations of constituent quarks, if it is an effective representation revealing complicated
interactions of quarks and gluons inside. Hadron spectroscopy aims to provide a comprehensive description of hadron
structure based on quark and gluon degrees of freedom. Despite many successes in observing hundreds of meson
and baryon states experimentally we haven’t succeeded to either observe or rule out existence of glueballs, hybrids
and multi quark systems, although it is tempting to explain recently observed of XY,Z states as first evidences of
tetra-quarks. Extensive experimental program is developed to search for hybrids in GlueX experiment at JLab. Over
the last decade significant progress in our understanding of baryons made of light (u,d) quarks is made in CLAS.
However, systematic studies of excited hyperons are very much lacking with only decades old very scarce data filling
the world database in many channels. In this experiment we propose to fill this gap and study spectra of excited
hyperons with the modern CEBAF facility with the aim to use it on physics target of GlueX experiment in Hall D.
The goal is to study K — p and K — d interactions and do the baryon spectroscopy for the strange baryon sector.

Our current experimental knowledge of strange resonances is far worse than our knowledge of N and A resonances;
however, within the quark model, they are no less fundamental. Clearly there is a need to learn about baryon
resonances in the ”strange sector” to have a complete understanding of three-quark bound states.

Unlike in the cases with pion or photon beams, kaon beams are crucial to provide the data needed to identify and
characterize the properties of hyperon resonances.

The masses and widths of the lowest mass baryons were determined with kaon-beam experiments in the 1970s [4].
First determination of pole positions, for instance for A(1520), were obtained only recently from analysis of Hall A
measurements [5]. An intense kaon beam would open a window of opportunity not only to locate missing resonances,
but also to establish properties including decay channels systematically for higher excited states.

A comprehensive review of physics opportunities with meson beams is presented in a recent paper [6]. An impor-
tance of baryon spectroscopy in strangeness sector was discussed in [7].

II. REACTIONS THAT COULD BE STUDIED WITH K¢ BEAM

1. Elastic and charge-exchange reactions
K% — K3p (1)
Kp— K™n (2)

2. Two-body reactions producing S = —1 hyperons

Kp—7TA (3)
Kp — 7tx0 (4)

8. Three-body reactions producing S = —1 hyperons

K% — n7a%A (5)
KYp — nta0%0 (6)
Kgp — 0708t (7)

Kp—ata=—nt (8)
K% — nta= %~ (9)



4. Two-body reactions producing S = —2 hyperons

K% — K*T=° (10)
Kp—rTKt=" (11)
KYp — KTz (12)
KYp — nTKt="* (13)

5. Three-body reactions producing S = —3 hyperons

K'p - KTKTQ~ (14)
Klp - KTKTQ™* (15)

III. THE KY BEAM IN HALL D

Below we describe photo-production of secondary K? beam in Hall D.

In the first stage E, = 12 GeV electrons of CEBAF will scatter with a radiator in the tagger producing intensive
beam of bremsstrahlung photons. On the second stage bremsstrahlung photons interact with Be target placed on a
distance 16 m upstream of liquid hydrogen (LH>) target of GlueX experiment in Hall D producing K9 beam. To stop
photons a 30 radiation length (radiation length) lead absorber will be installed in the beam line followed by sweeping
magnet to deflect the flow of charged particles. The flux of K, on (LHs) target of GlueX experiment in Hall D will be
measured with pair spectrometer upstream the target. Momenta of K, particles will be measured using time-of-flight
between RF signal of CEBAF and start counters surrounding L Hs target. Schematic view of beamline is presented
in Fg. 1. The bremsstrahlung photons created by electrons at a distance about 85 m upstream hit Be target and
produces K9 mesons along with neutrons and charged particles. The lead absorber of ~30 radiation length is installed
to absorb photons exiting Be target. Sweeping magnet is used to deflect charged particles and pair spectrometer is
used to monitor the flux of K? through the decay rate of kaons at given distance about 10 m from Be target.
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FIG. 1: Schematic view of Hall D beamline. See a text for explanation.



Here we outline experimental conditions and simulated flux of K¢ based on GEANT4 and known cross sections of
underlying subprocesses [8-10].

e An electron beam with energy E, = 12 GeV and current I, = 5uA (maximum possible, limited by the Hall D
beam dump).

e A thickness of radiator 5 % radiation length (10 %).

e Primary Be target with R =2 c¢cm, L =40 cm (60 cm).

e LHy target with R =2 cm, L =30 cm (R = 3 c¢m).

e Distance between Be and LH» targets 16 m.

e Flux of K? mesons ~ 2000 K9 /sec (= 1.2 x 10*K? /sec).

In addition to this requirement in order to measure time-of-flight (TOF) of K, from Be target to LHs target with
TOF difference between highest momentum Kj P = 6 GeV/c and the lowest P =~ 0.3 GeV/c of about 20 ns this
experiment will require a lower repetition rate of the beam bunches with 32 ns spacing similar to GO experiment in
Hall-C [11].

The radiation length of the radiator needs further studies in order to estimate level of radiation and required
shieldings around the tagger region. During this experiment all photon beam tagging detector systems and electronics
will be removed.

The final flux of K? is presented for the main conditions outlined above, corresponding maximal rate is obtained
with numbers presented in brackets.

In the production of a beam of neutral kaons important factor is a rate of neutrons as a background. As it is well
known the ratio R = N,,/N K9 is on the order 103 from primary proton beams [1], the same ratio with primary
electromagnetic interactions is much less. In Fig. 2 the rate of kaons and neutrons is presented as a function of the
momentum for the main conditions of proposed setup, which resembles similar behavior as it was measured at SLAC

2].

IV. EXPECTED RATES

In this section we discuss expected rate of events for some selected reactions. The production of Z hyperons is
purely measured even with charged kaons, while with primary K9 beam has never been measured. In Fig. 3 left and
middle panels show existing data for the octet ground state Z’s with theoretical model predictions for W (the reaction
center of mass energy) distribution. On the right panel similar model prediction [13] is presented with expected
experimental points with statistical error for 10 days of running with our proposed setup is presented using missing
mass of K in the reaction K? + p — KT=° without detection of any decay products of =

Physics of excited hyperons is not well explored remaining essentially at the pioneering stages of 1980’s. This is
especially true for S = —2 Z* and Q7* S = —3 hyperons. For example, the SU(3) flavor symmetry allows as many
S = —2 baryon resonances, as there are N and A resonances combined (= 27); however, until now only three [ground
state 2(1382)1/2%, =(1538)3/2*, and =(1820)3/27] have their quantum numbers assigned and few more states have
been observed [4]. The status of = baryons is summarized In a table presented in Fig. 4 together with quark model
predicted states [14].

Historically the =* states were intensively searched for mainly in bubble chamber experiments using the K~ p
reaction in ’60s-'70s. The cross section was estimated to be on the order of 1-10ub at the beam momenta up to
10 GeV/c. In ’80s-’90s, the mass or width of ground and some of excited states were measured with a spectrometer
in the CERN hyperon beam experiment. Few experiments have studied cascade baryons with the missing mass
technique. In 1983, the production of Z* resonances up to 2.5 GeV were reported from p(K~, KT) reaction from the
measurement of the missing mass of K [15]. In Fig. 5 missing mass squared of K+ from the reaction p(K—, K1) is
presented for two different spectrometer settings.

Experimental situation with ~*’s is even worse, there are very few data for excited states. The main reason for
such a scarce data in multi strange hyperon domain is mainly due to very low cross section in indirect production
with pion or in particular photon beams. In Fig. 6 on the left panel we present cross section of {2 production with
K~ beam [16].

The current status of ) hyperons is summarized in Fig. 7. Observed states are grouped in the rightmost column
showing that essentially only ground state {2~ quantum numbers are identified. One also has to mention significant
progress made recently by lattice QCD calculations of excited baryon states [23], [24].
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FIG. 2: The rate of neutrons (open symbols) and K9 (full squares) on LHy target of Hall D as a function of their
momenta simulated with different MC generators with the main experimental conditions outlined in the text above.

In Fig. 8 baryon spectra from [23] are presented in units of {2 mass from lattice QCD calculations from ensemble
with m, = 391 MeV. Experimental situation for higher excited states is essentially unknown and it requires significant
efforts to map out these states. Moreover lattice calculations show that there are many states with strong gluonic
content in positive parity sector for all baryons, presented by symbols with thick borders. The reason why hybrid
baryons have not attracted the same attention as hybrid mesons is mainly due to the fact that they lack manifest
7exotic” character. Although it is difficult to distinguish hybrid baryon states, there is significant theoretical insight
to be gained from studying spectra of excited baryons, particularly in a framework that can simultaneously calculate
properties of hybrid mesons [23], [25]. Therefore this program will be very much complementary to the GlueX
physics program for hybrid mesons.

Proposed experiment with GlueX with 10* K, /sec will result to about 3 x 105 Z*’s and 3 x 10% Q*’s per month.

Similar program for KN scattering is under development at J-PARC with charged kaon beams [26]. The current
maximum momentum of secondary beam line of 2 GeV/c is available at the K1.8 beam line. The beam momentum of
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FIG. 3: Upper panel: a) cross section for existing world data for K~ + p — K+T=" reaction; b) the same for the
reaction K~ + p — K°ZY as a function of W with theoretical curves from [12]. The blue lines represent the full
results. The red dashed lines, the result with A(1890) switched off. The green dash-dotted lines, that with 3(2030)
switched off and the magenta dash-dash-dotted lines represent the result with 3(2250)5/2~ switched off. On the
lower panel we show our expected measurements of the reaction K9 +p — KTE" with statistical errors for 10 days
of running with the main setup overlaid on theoretical prediction [13].

2 GeV/c corresponds to v/s=2.2 GeV in the K~ p reaction which is not enough to generate even the first excited =*
state predicted in the quark model. However there are plans to create high energy beam line in the momentum range
5-15 GeV/c to be used with the spectrometer commonly used with the J-PARC P50 experiment which will lead to
expected yield of 3 — 4 x 10° Z«’s and 102 Q*’s per month.

As one can see our proposed experiment with K beam will be of similar statistical power as that in J-PARC with
charged kaons.

Experimental program with kaon beams will be much reacher and allow to perform complete experiment using
polarized target and measuring recoil polarization of hyperons. This studies are under way to find an optimal solution
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for GlueX setup.

V. SUMMARY

In summary we intend to create high intensity K beam using photoproduction processes from secondary Be target.
The flux as high as 10*K7, /sec could be achieved. Momenta of K beam particles will be measured with TOF with
AP/P =~ 0.3%. The flux of kaon beam will be measured through partial detection of 7¥7~ decay products from their
decay to 77~ 7" by exploiting similar procedure used by LASS experiment at SLAC [2]. Besides using unpolarized
LH> target currently installed in GlueX experiment additional studies are needed to find optimal choice of polarized
target. Proposed experiment will allow to measure KN scattering with different final states including production of
strange and multi strange baryons with unprecedented statistical precision to test QCD in non perturbative domain.
It has a potential to distinguish between different quark models and test lattice QCD predictions for excited baryon
states with strong hybrid content.
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