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Strange hadron spectroscopy with the KLong facility at Jefferson lab
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The strange quark hadrons sit at an important crossroads between the light and heavy quark hadrons, but their spectrum is comparativel
poorly known. The KLF experiment was recently approved to run in Hall D of Jefferson Lab, and will use an intense secondary beam of
K1, mesons with the existing GlueX spectrometer to collect data several orders of magnitude larger than existing dataset. In this talk, | will
discuss the expected physics reach of this experiment and the status of its preparations.
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While hadron spectroscopy has undergone a renaissance timiverse [7], which must currently rely heavily on models of
recent decades due to the availability of new large data sethis spectrum or the correctness of the previously mentioned
and advances in our understanding of how to describe thedeQCD calculations. Therefore, a better understanding of the
reactions, our understanding of the spectrum of strange quatkyperon spectrum will give new insight into QCD in extreme
hadrons remains remarkably thin. As an example, if we coneonditions.

sider the spectrum of baryons containing at least one strange The challenge facing us is to find these “missing” hyper-
quark (“hyperons”), the number of “well-established” statesons and measure their pole positions with modern analysis
(i.,e. those rated 3 or 4 stars) in the Review of Particletechniques. A similar situation exists for the strange-quark
Physics [1] we find 14A* and 9%* with one strange quark, mesons as well. Recent progress has been made at photo-
6 =* with two strange quarks, and only 2 three-strange quarlproduction experiments like CLAS and GlueX at Jefferson
Q*'s, the experimental evidence for which comes largelyLab, and using charmed baryon decayseine~ annihila-

from kaon beam experiments in the 1970s and 80s. Thiion experiments such as Belle [1]. However, these measure-
can be compared to the expectations from a recent latticements have been limited by the generally small cross sec-
QCD (LQCD) calculation [2] of 71A*’s, 66 X*'s, 73=*'s  tions of these reactions, and the limited mass range accessi-
and 36Q*’s. Similar expectations come from constituent ble in baryon decay measurements. Kaon beam experiments
quark models [3, 4]. Identifying more of these “missing” naturally have much larger cross sections for strange quark
hyperons [5] would allow additional, much needed, insighthadron production, and beams of neutral kaons are particu-
into baryon structure by enabling the systematic study ofarly attractive to study due to their cleanliness and because
the baryon spectrum as a function of the number of strangthe world data on these reactions is limited and is of insuf-
quarks, and to probe the effects of QCD confinement in thdicient precision for comprehensive resonance pole position
transition region between the lightandd quarks, and the measurements. To help address this situation, a new experi-
heavyc andb quarks. The hyperon spectrum is also an impor-ment at Jefferson Lab with an intense beankof mesons is

tant input into many calculations at high-baryon density ancplanned to provide precise cross sectidfis-induced reac-
temperature, such as calculations of the neutron star equéens and self-polarizations of hyperon decays. This KLong
tion of state [6] or the chemical potential in the very early Facility (KLF) [8] has been approved to take data with proton
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FIGURE 1. A diagram of the Jefferson Lab KLF, highlighting tt#€&;, beamline elements.
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FIGURE 2. Results for exclusively reconstructdd,p — KTZ° events comparing existing data [15] (red) to projected results (blue):
(Left) Total cross section as function &f; (Center) Cross section as a function of kaon production angle fokoren; (Right) Induced
polarization of=° for oneW bin.
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FIGURE 3. (Left) Simulated kaon and neutron beam momentum spectrum on target. (Rigregolution from simulation. The solid line
gives the resolution fronk ;, time-of-flight measurements, while the dashed line gives the expectation from exclusively reconstructed events.

and deuteron targets that will allow the identification and resing Hall D configuration consists of the neli;, beamline,
onance pole position measurements of hyperons up to a maas illustrated in Fig. 1. A “continuous” beam of 12 GeV
of 2500 MeV, and allow a similar study of the kaon spec-electrons grouped in bunches separated by 64 ns with a to-
trum, including the<(800). In the following, | will describe  tal current of S5uA is extracted into the hall and aimed at the
this new facility and give some highlights of the proposed ex-Compact Photon Source (CPS) [11], which combines a 10%
perimental program. Additional details of both can be foundradiation length copper radiator with a dump for the electron
in Ref. [9]. beam. The photon beam thus generated is aimed at a Kaon
The planned KLF is located in Hall D at Jefferson Lab in Production Target (KPT) [12] containing a 40 cm Be target
Newport News, VA, and uses the intense, high-quality elecwhere theK; beam is produced, mainly throughmeson
tron beam from the CEBAF accelerator to generate a tertiardecay. Any charged particles in the beam are swept away
beam of K, mesons. This beam is aimed at a target of lig-with a dipole magnet, and th€;, flux is measured to within
uid hydrogen or deuterium inside the existing GlueX detecb% usingK;, decays in flight inside a magnetic flux monitor
tor, a solenoidal spectrometer with nearly hermetic coveragéKFM) [13]. The experiment plans to run for 100 days on a
for charged and neutral particles which has been described jproton target, and 100 days on a deuterium target.
detail elsewhere [10]. The primary modification to the exist-
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FIGURE 4. Examples of the impact of the projected measurements on the BnGa PWA solutions [16]. (Top) The simulated quasi-data is
shown by the black points and the fit uncertainties are shown by the yellow bawd fdf2 (left) and P (right) atW = 1940 MeV.
(Bottom) Results foE2*(1920)5/2~ (left) andx*(2030)7/2% (right) assuming 20 days of data taking (green) and 100 days (yellow).

The resultingK;, beam provides a multi-GeV beam of First, let us consider the identification of excitedr
~ 10* K /s, with the momentum distribution shown in states. If we consider two-body reactions, witka beam
Fig. 3 (left). ThisK, flux is ~ 1000 times larger than that and a proton target, onl* hyperons can be produced, while
used in previoud<; beam experiments in SLAC [14]. In bothA* andX* can be produced off a neutron. A large range
Fig. 3 (left), one can also see that the neutron component aif two-body reactions can be well-reconstructed in the GlueX
the beam mostly contributes at lower momenta where thegpectrometer, includings,p — Ksp, 7t A, K+2°, 795+,
can be separated from th€;'s through time-of-flight mea- 7X*, andwX*. As an example of the precision of our ex-
surements. Thé(; beam energy, and therefore the center-periment, we consider the reactiéf,p — K+Z=°. In Fig. 2,
of-mass energy of a reaction, can be well reconstructed einve show the projected uncertainties of the total cross section,
ther directly through time-of-flight measurements or indi- differential cross section, and self-polarization measurements
rectly through the reconstruction of all of the final state par-for this channel. The large improvement in statistical preci-
ticles in the reaction. These methods yield a good energgion over previous measurements is clear (note that the world
resolution, as shown in Fig. 2 (right). database of self-polarization measurements is much smaller

than that of cross section measurements). To study the preci-

To accomplish the goals of the hyperon part of the KLFsion to which pole parameters can be extracted, we simulated
program, differential cross sections and polarization observeata for two proposell* states: one with/” = 5/2=, M =
ables must be included in a coupled-channel partial wavé.94 GeV, andl' = 0.35 GeV; the other with/” = 7/27,
analysis (PWA) in order to confidently extract the hyperonM = 1.94 GeV, andl’ = 0.4 GeV. The projected measure-
spin-parity and resonance pole parameters. We have pements are illustrated in Fig. 4 The uncertainties in the ex-
formed detailed studies of the reconstructed of many readracted resonance parameters are 14(36) MeV for the mass
tions using detailed simulations of the GlueX detector, andand 14(40) MeV for thé /2~ (7/27) state.
studied the impact that these measurements would have on Another example of the importance &f;, beam mea-
global PWA fits in order to determine the sensitivity of this surements is seen if we consider the contributions of the two
experiment. isospin amplitudesl, and A; to the reactiolK N — X
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FIGURE5. Effect of includingK 1. p data on three nel* resonances within BnGa PWA solution on differential cross sectioAgip — 7%
reactions [17]. The red solid line includes the 3 new resonances, the blue dashed line does not. Both models fit existing data well.
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The K~p reactions contain contributions from, (A*-
channel), A, (X*-channel), and their interference. Thg,n

reactions contain the same amplitudes, but with an opposi

sign for the interference term. Th€.p reaction however
only contains thed; amplitude, allowing for an unambigu-

ous measurement. We show the distinguishing power th

this data can have by considering two different fits to th
current worldAw /Y7 data: one containing only knowh
resonances, the other containing 3 additional expextezs-

onances. Both models fit existing data well. However, th i i -
expected differential cross sections from these two modelB2rameters, the search for high-mass/high-spin kaon states,

are found to differ up to two orders of magnitude, as showrfA"d the precision study of the scalirr system, which in-

in Fig. 5. The polarization observables also show very di

Again the GlueX spectrometer can reconstruct many impor-
tant final states well=* — AK, =r, Zn, Zw, XK. Based

on the prev

iousk —p measurements, we expect large cross

sections for mang* states, in thev 1 — 10ub range. We
have performed detailed studies on the discovery potential of
KLF data, as shown in Fig. 6 for the* — KA channel,
and find that we expect to identify the know#t states and
likely measure their spin-parity, and have good sensitivity to
identify other missing=* states.

The KLF data is also expected to make major contri-

{autions to kaon spectroscopy and studiessof scattering.

Again, most of our knowledge of the kaon spectrum comes
from K~ beam experiments, though PWA of charmed hadron

Jlecays has

example) al
will allow th
dncluding th

provided more recent insight. The large KLF data

eSet (roughly 50 times the size of that collected by LASS, for

ong with modern amplitude analysis techniques
e study of many aspects of kaon spectroscopy,
e precision determination of té*(892) pole

s.Cludes the ability to study in detail all four isospin partners of

H *0
ferent behavior between the two models. This shows that oUf'® lightest scalar kaon, the/ i (700).
K beam data can have a drastic impact on the search for Taking the study of the scaldf system as an example,
missing¥X* states by resolving ambiguities in current fits to a major challenge is that th& = S-wave has contributions

existing world data.

from both thel = 1/2 andl = 3/2 isospin channels. If
Our data is also expected to have a large impact on theve consider the scattering of &, beam off a proton tar-
identification of=* states. Little is known of these states, get, there are &7 channels with a charged kaon in the fi-
with only 6 considered well-known by the PDG [1], and al- nal state K *nTp, KT, K—7m°A** —and 5 channels
most nothing is known about theif” quantum numbers, with a neutral kaon in the final statek 7°p, K,gmtn,
with most of our knowledge coming frolR — beam experi-

K,sym~ A*T. These reactions are composed of different

ments in the 1960s-80s. We can search for these excited cassmbinations of the thé = 1/2 andl = 3/2 isospin ampli-
cade states in associated production through the decay of andes, so the challenges in describing these channels become

intermediate hyperon staté&(, N — (A*,¥*) — KTZ*x,

identifying K ,'s and analyzing the neutral kaon final states,
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and developing the detailed models for all these reactions in
order to fully describe the underlying 7 scattering ampli-
tudes. We have performed detailed simulations of several of
these final states, and have also made estimates of the preci- e o )
sion for which we can extract the S-wave phase shifts in botH:'GUFiEI (Top) Expectedt ™=~ invariant mass distribution with
isospin channels, as illustrated in Fig. 7. These studies sho e K" S-wave (light brown) P-wave (dark blue) and-wave
that we can make precise measurements over a large m reen) contributions shown by the shaded curves. Jheave

. . ase-shift for (middle) isospih= 1/2 and (top) isospid = 3/2
range, particularly down to lowk'r masses which were not amplitudes is given as a function of the invariant mass ofkhe

covered wgll b_y previous experiments, v_vhich are crucial forgysiem (,/s). The yellow band corresponds to the uncertainty of
the determination of thé*(700) pole position. the fit to the current world data [19-24] while the red points with

To summarize, the KLF at Jefferson Lab will collect data error bars correspond to the projected KLF measurement.

for K, scattering off the proton and neutron with a size andgy,gies, such as neutron-induced reactions, hyperon decays,
accuracy several orders of magnitude over previous experng searches for exotic hadrons. The technical design of new
ments. Detailed simulation studies have shown that measurgg gware components and further simulation studies are on-
ments of cross sections and polarizations will allow the iden+ oing. The experimental program is expected to begin once
tificqtion and.study of hyperons up to masses 0f2.§ GeV, anaqe currently approved Hall D photon beam program has
detailed studies of kaon spectroscopy dfid scattering. In completed, which is currently expected to run until 2025. Al
addition, this unique set of data will allow for many other 1 welcome who are interested in joining on this adventure!
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