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KL Facility in Hall D
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Electron Beam Parameters

I = 5 µAEe = 12 GeV

Bunch spacing 64 ns

Feasibility Confirmed by accelerator experts
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Compact Photon Source

Conceptual design is 
completed for Halls A&C

Figure 19: The CPS view.

proper local shielding is set around the dump. The presently installed dump is placed behind the
iron labyrinth walls, and is surrounded by a massive iron shielding, made of iron blocks available
at the time of construction. The standard GlueX setup is optimized for operations using very
thin radiators producing relatively low intensity photon beam such that the beam electrons losing
energy to photon production in the radiator may be detected and counted in the tagger hodoscope
counters. The present setup is not suitable for production of massively more intense photon beams
needed for the KL production, due to the expected overwhelming radiation and activation levels in
the vault.

The electron energy dumping starts on the side of the photon beam channel, so the shift of the
electron trajectory by just 1 – 3 mm is already sufficient for the start of the shower. At the same
time, such a deflection needs to be accomplished at a relatively short distance (much shorter than
the size of the radiation shielding) after the beam passes through the radiator to keep the source
really compact. The scheme of beam deflection to the absorber/dump is given on Fig. 20. The new
CPS device should be capable of taking the same beam power of 60 kW, using optimized shielding
made of high-Z material, which would make the necessary equivalent shielding compact, requiring
less total weight of the shielding. In the currently proposed CPS magnet, the radius is about 10 m
for 11 GeV electrons, the channel size is 0.3 cm, and the raster size is 0.2 cm, so the distancehas
an average value of 17 cm with a spread of 12 cm. A total field integral of 1000 kG-cm is adequate
for our case. It requires a 50 cm long iron dominated magnet.

The above concept of the combined magnet-dump allows us to reduce dramatically the magnet
aperture and length, as well as the weight of the radiation shield, due to the reduction of the
radiation leak though the openings and the short length of the source. This consideration opens
a practical way to CPS because it leads to a reduction of power deposition density in the copper
absorber.

The Compact Photon Source conceptual design has been established with extensive and realistic

33

Meets RadCon Radiation Requirements

The details of the CPS are designed 
by the CPS Collaboration
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Be Target Assembly: Conceptual Design

problem in the CPS internal dump, and thus make the available design suitable for this ex-
periment, without the need to increase size and weight.

10.1.3 Be Target Assembly: Conceptual Design

.
.
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Figure 20: Schematic view of the Be-target (KL production target) assembly. Concrete, borated
polyethylene, lead, tungsten, beryllium, vacuum beam pipe, and air shown by grey, pink, brown,
light blue, blue, violet, and white color, respectively. Beam goes from left to right.

A conceptual design of the Be target assembly for neutral kaon experiments to be used with the
GlueX experimental setup is given in Ref. [151] (See Appendix A4 (Sec. 16) for further details
of elements of the Be-target assembly). The schematic view of the Be-target assembly is given in
Fig. 20. For the target material, we selected beryllium because at the same radiation length it has
higher number of atoms compared to other materials with the large atomic masses. This justifies
the choice of beryllium as a KL production target as it was done at SLAC [93] and NINA [91].
Then the beam tungsten plug of a 0.10 m thick (30% R.L.) is connected to the beryllium (Fig. 20).

Elements of the Be-target assembly are presented in Table 6 (Appendix A4 (Sec. 16)). The weight
of the Be-target assembly is 14.5 ton. Changeover from the photon to KL beamline and from
the KL beamline to photon needs to be further evaluated and in the most conservative scenario
may take approximately 6 months or less. This maximal break period may fit the current CEBAF
Accelerator schedule. It has to be mentioned that the collimator cave has enough space (with the
4.52 m width) for the Be-target assembly to remain far enough from the beamline.

Water cooling would be required around the beryllium and tungsten plug. Cooling water is avail-
able in the experimental hall that can be used to dissipate 6 kW of power delivered by the photon
beam.

10.1.4 KL Flux Monitor

An accurate determination of the KL beam flux is necessary to maximize the physics impact of
the resulting data. To reach an accuracy of <5% in the determination of the flux, we plan to

35
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build a dedicated FM. This will provide a significant improvement over the typical 10% accu-
racy achievable from normalization of the data to previously measured reactions, for instance, for
KLp ! KSp [90]. The operation of a KL flux monitor could employ the regeneration of KL ! KS

and detection of ⇡+
⇡
� pairs in Pair Spectrometer as done at Daresbury (see Ref. [92] and refer-

ences therein). However, this technique affects the quality of the resulting KL beam. Therefore, a
more effective choice for the FM at JLab would utilize in-flight decays of the KL.

Y

Z
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magnet 50 cm inner diameter backward tracker
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Figure 21: Schematic view of the Flux Monitor setup.

The KL has four dominant decay modes [2]:

1. KL ! ⇡
+
⇡
�
⇡
0
, BR = 12.54± 0.05%.

2. KL ! ⇡
0
⇡
0
⇡
0
, BR = 19.52± 0.12%.

3. KL ! ⇡
±
e
⌥
⌫e, BR = 40.55± 0.11%.

4. KL ! ⇡
±
µ
⌥
⌫µ, BR = 27.04± 0.07%.

All KL decay modes with two charged particles in the final state (1,3,4) can be used for flux
determination, with the simplest one being KL ! ⇡

+
⇡
�
⇡
0, where both charged particles have the

same mass.

To account for various possible acceptance effects during KL beam propagation from the Be-
target, we plan to measure the KL flux upstream of the GlueX detector, utilizing the Hall D Pair
Spectrometer [142] as shielding against KL which have decayed further upstream.

The FM design proposed and described in this section will measure a small fraction of decayed
KL’s, concentrating on the portion decaying within a distance of 2 m downstream of the Pair
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Figure 25: KL-momentum spectra originating from all sources simulated using the Pythia gener-
ator [151] for the kaons reached cryotarget (red) and decayed within the Flux Monitor acceptance
(blue).
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Figure 26: The Flux Monitor missing mass resolution (All charged particles in all decay channels
are assumed to have mass of pion). Left panel: based on ToF system. Right panel: based on
magnetic system.

To be measured by the FM, both charged particles from the kaon decay need to be incident within
the FM acceptance. Taking into account the different branching ratios, we expect to reconstruct
the following number of KL from various decay channels (see Fig. 24, left). One can quantify the
expected rate in terms of the achievable statistical error within a one day measurement (see Fig. 24,
right).

For the kaon beam momenta range appropriate for the hyperon program a 1% statistical error of
the KL flux determination is achievable in less than a day.

38
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KL Beam Flux

Figure 25: KL and neutron momentum spectra on the cryogenic target. Left panel: The rate of KL

(red) and neutrons (blue) on the LH2/LD2 cryogenic target of Hall D as a function of their generated
momentum, with a total rate of 1⇥ 10

4
KL/s and 6⇥ 10

4
n/s. Kaon calculations were performed

using Pythia generator [152] while neutron calculations were performed using the MCNP transport
code [159]. Right panel: Experimental data from SLAC measurements using a 16 GeV/c electron
beam from Ref. [93]. The rate of KL (red filled circles) and neutrons (black filled squares) is
shown.

with the rest originating from hyperon decays. The number of K0 exceeds the number of
K0 by 30% points according to this generator for our conditions.

To estimate the expected rate of KLs at the LH2/LD2 cryogenic target, we used the condi-
tions listed in Tables 1 and 2 which results in a beam flux of about 1⇥ 104 KL/s from all
production mechanisms at the cryogenic target (Fig. 25). We simulated the KL and neutron
production from 12-GeV electrons under these conditions for the GlueX KL Facility and the
results (Fig. 25 (left)) are in reasonable agreement with the KL spectrum measured by SLAC
at 16 GeV (Fig. 25 (right)).

2. KL Beam Background: Muons, Neutrons, and Gammas
Background radiation conditions are one of the most important parameters of the KL beam
for the JLab GlueX KL Facility [158].

(a) Muon Background
Following Keller [160], our Geant4 [161] simulations included Bethe-Heitler muon
background from the Be-production target and photon dump at CPS, both background
into the detector and muon dose rate outside Hall D. Most of the muons are produced
in the photon dump. Our calculations show that muons will be swept out of the KL

beamline; thus, they are not inherently a significant background. However, due to

40

JLab 12 GeV

SLAC 16 GeV

N(KL)JLAB

N(KL)SLAC
⇠ 103N(KL)/sec ⇠ 104
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10.2 LH2/LD2 Cryogenic Target for Neutral Kaon Beam at Hall D

The proposed experiment will utilize the existing GlueX liquid hydrogen cryogenic target (Fig. 34)
modified to accept a larger diameter target cell [169]. The GlueX target is comprised of a kapton
cell containing liquid hydrogen at a temperature and pressure of about 20 K and 19 psia, respec-
tively The 100 ml cell is filled through a pair of 1.5 m long stainless steel tubes (fill and return)
connected to a small container where hydrogen gas is condensed from two room-temperature stor-
age tanks. This condenser is cooled by a pulse tube refrigerator with a base temperature of 3 K and
cooling power of about 20 W at 20 K. A 100 W temperature controller regulates the condenser at
18 K.

Figure 34: The GlueX liquid hydrogen target.

The entire target assembly is contained within an “L"-shaped stainless steel and aluminum vacuum
chamber with a Rohacell extension surrounding the target cell. The ST for the GlueX experiment
fits snugly over this extension. The vacuum chamber, along with the hydrogen storage tanks, gas
handling system, and control electronics, is mounted on a custom-built beamline cart for easy
insertion into the Hall D solenoid. A compact I/O system monitors and controls the performance
of the target, while hardware interlocks on the target temperature and pressure and on the chamber
vacuum ensure the system’s safety and integrity. The target can be cooled from room temperature
and filled with liquid hydrogen in about 5 hours. For empty target runs, the liquid can be boiled
from the cell in about 20 minutes (the cell remains filled with cold hydrogen gas), and then refilled
with liquid in about 40 minutes.

The GlueX cell (Fig. 35) is closely modeled on those utilized at Hall B for more than a decade and
is a horizontal, tapered cylinder about 0.38 m long with a mean diameter of 0.02 m. The cell walls
are 130 µm kapton glued to an aluminum base. A ?0.02 m reentrant beam window defines the
length of LH2/LD2 in the beam to be about 0.30 m. Both entrance and exit windows on the cell
are 75 µm kapton. In normal operation, the cell, the condenser, and the pipes between them are all
filled with liquid hydrogen. In this manner, the liquid can be subcooled a few degrees below the
vapor pressure curve, greatly suppressing bubble formation in the cell. In total, about 0.4 liter of
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Figure 35: Left: Kapton target cell for the GlueX LH2/LD2 cryogenic target. Right: Conceptual
design for a larger target cell for the proposed KL beam at Hall D experiment.

LH2 is condensed from the storage tanks, and the system is engineered to recover this quantity of
hydrogen safely back into the tanks during a sudden loss of insulating vacuum, with a maximum
allowed cell pressure of 49 psia [170].

A conceptual design for the neutral kaon beam target is also shown in Fig. 35. The proposed
target cell has a ?0.06 m and a 0.40 m length from entrance to exit windows, corresponding
to a volume of about 1.1 liter, which will require filling the existing tanks on the target cart to
about 50 psia. The collaboration will work with the JLab Target Group to investigate alternative
materials and construction techniques to increase the strength of the cell. As an example, the LH2

target cell recently developed for Hall A is ?0.063 m, 0.18 m long and has a wall thickness of
approximately 0.2 mm. The cell is machined from a high-strength aluminum alloy, AL7075-T6,
and has a maximum allowed pressure of about 100 psia. It is expected that minor modifications
to the cryogenic target’s piping systems will also be required to satisfy the increased volume of
condensed hydrogen.

The proposed system is expected to work equally well with liquid deuterium, which condenses at
a slightly higher temperature than hydrogen (23.3 K versus 20.3 K at atmospheric pressure). The
expansion ratio of LD2 is 13% higher, which implies a storage pressure of about 60 psia. Therefore,
the new target cell must be engineered and constructed to work with both LH2 and LD2.

11 Running Condition

11.1 Event Identification, Reconstruction, Acceptances

The KL beam is generated by sampling the momentum distribution of KL particles coming from
the decays of � mesons produced by interactions of a photon beam with a beryllium target 24 m
upstream of the LH2/LD2 cryogenic target. The KL beam profile was simulated to be uniform
within a ?0.06 m at the LH2/LD2 cryogenic target. The expected KL beam nonuniformity is
below 2%, beam divergence < 0.15

� (see Table 1). Due to the very strong t-dependence in the �

photoproduction cross section [171] and the P -wave origin of the � ! KLKS decay, the majority
of kaons will be produced at very small angles. In the simulation studies discussed in this section,
we assume a flux of 1⇥ 10

4
KL/s on a 0.40 m long LH2 target for a beamtime of 100 PAC days.

48
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Figure 31: Diagram illustrating a potential timeline for the different stages of the design, con-
struction, and installation of the KL beamline.

Reaction Statistics
(events)

KLp ! KSp 2.7M
KLp ! ⇡+⇤ 7M
KLp ! K+⌅0 2M
KLp ! K+n 60M

KLp ! K�⇡+p 7M

Table 8: Expected statistics for differential cross sections of different reactions with LH2 and below
W = 3.0 GeV for 100 days of beam time.

In Table 8, we present the expected statistics for 100 days of running with a LH2 target in the
GlueX setup at JLab. The expected statistics for the 5 major reactions are very large. There are
however, two words of cautions at this stage. These numbers correspond to an inclusive reaction
reconstruction, which is enough to identify the resonance, but might not be enough to uncover its
nature. The need for exclusive reconstruction is essential to extract polarization observables was
highlighted in Sections 4.1 and Ref. [25]. It further decrease the expected statistics, e.g., from 2M
to 200k events in the K⌅ case. These statistics, however, would allow a precise measurement of
the double-differential polarization observables with statistical uncertainties on the order of 10 %.
Secondly, kaon flux has a maximum around W = 3 GeV, which decreases rapidly towards high/low
W ’s. Thus, the 100 days of beam time on the LH2 are essential to maximize the discovery potential
of the KL Facility and uncover the densely populated hyperon states at low-W .

There are no data on “neutron" targets and, for this reason, it is hard to make a realistic estimate

43
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Hyperon Spectroscopy

3

I. INTRODUCTION

The present experimental knowledge of the spectra of hyperons remains remarkably incomplete. A newly proposed
KL-facility aim to measure the di↵erential cross sections and the self-polarization of hyperons with the GlueX detector
to enable precise partial wave analysis (PWA) in order to determine all the resonances up to 2500 MeV in the spectra
of the ⇤, ⌃, ⌅, and ⌦ hyperons.

Several simulations on various channels were performed to obtain an insight on the expected results and the beam
time requirements for precision measurements. The simulations results that follow are based on a 100 days of beamtime
with a 1⇥ 104 KL/s impinged on a 40 cm long target. Generated events assuming standard beam/target conditions
are processed through a full Geant3-based Monte Carlo (MC) simulation of the GlueX detector. Below we provide a
summary of studies performed on various channels for Hyperon spectroscopy.

An extensive list of channels was generated and studied in great detail. Here we focus on simulations for the
following channels:

1. KLp ! Ksp

2. KLp ! ⇡
+⇤

3. KLp ! K
+⌅0

4. KLn ! K
+⌅�

5. KLn ! K
+⌅⇤�

6. KLp ! K
+
n

These reactions represent key measurements and correspond to typical kinematic conditions at KLF. The Ksp and
⇤⇡+ are the main reaction channels to study ⌃⇤ resonances in the s-channel (analogue of N⇡ in nucleon N

⇤ case).
The K

+⌅0 reaction also aim at ⌃⇤ s-channel production for the resonances which does not couple to elastic channels
strongly, an analogue of N⇤ ! ⇤K reactions. The K

+⌅� reactions demonstrate our ability to measure reactions
on neutron target as well as ability to access ⇤⇤ � ⌃⇤-mixed channel. The K

+⌅⇤� channel show ability to measure
excited cascade states in associated production. And the K+

n channel demonstrate our ability to handle non-resonant
background reactions properly. Combined, these reactions represent a core part of the KLF experimental program.

II. KL BEAM

The KL beam is generated by sampling the momentum distribution of KL particles produced by interactions of
a photon beam with a beryllium target 24 m upstream of the LH2/LD2 cryogenic target. The KL beam profile was
simulated to be uniform within a ?0.06 m at the LH2/LD2 cryogenic target. The expected KL beam nonuniformity is
below 2 % with a beam divergence < 0.15� (see Table I). Due to the very strong t-dependence in the � photoproduction
cross section [2] and the P -wave origin of the � ! KLKS decay, the majority of kaons will be produced at very small
angles. In the simulation studies discussed in this section, 1 ⇥ 104 KL/s are impinged on a 0.40 m long LH2 target
for a beamtime of 100 PAC days.

TABLE I: Expected electron/photon/kaon beam conditions at the KL experiment.

Property Value
Electron beam current (µA) 5
Electron flux at CPS (s�1) 3.1⇥ 1013

Photon flux at Be-target E� > 1500 MeV (s�1) 2.6⇥ 1011

KL beam flux at cryogenic target (s�1) 1⇥ 104

KL beam �p/p @ 1 GeV/c (%) ⇠1.5
KL beam �p/p @ 2 GeV/c (%) ⇠5
KL beam nonuniformity (%) < 2
KL beam divergence (�) < 0.15
K

0
/K0 ratio at cryogenic target 2:1

Background neutron flux at cryogenic target (s�1) 6.6⇥ 105

Background � flux at cryogenic target (s�1), E� > 100 MeV 6.5⇥ 105

List of simulated reactions



3 Physics Highlights

3.1 Hyperon Spectroscopy

Lattice QCD and quark model calculations predict a rich spectrum of ⇤⇤ and ⌃⇤ states, many of
which have large widths that can be studied at KLF but are not easily accessible in other reactions.
As a typical example in Fig. 1 we demonstrate a complete PWA extraction of a fairly low lying
but already broad ⌃⇤ resonance in the reaction KLp ! ⌅0K+ assuming 20 (100) days of running
shown in green (yellow), see Sec. 4.1 for details. A clean discrimination of broad excited states
on top of many overlapping resonances with various different quantum numbers is a key feature of
the KLF, unmatched by comparable experiments. The precision of KLF data clearly allows for the
identification of these excited states in a mass range not accessible with previous measurements,
and determination of their quantum numbers and pole positions, which can be then compared with
calculations from Lattice QCD [24].

Figure 1: Example of comparison between expected KLF measurements (right) and Lattice QCD pre-
dictions for the hyperon spectrum [24] (left), see Section 4.1, Appendix A.3 and Ref. [25] of the text for
details.

An additional power of KLF data is the ability to distinguish between different isospin exchanges,
which helps identify new hyperon resonances and resolves ambiguities of fits to existing data. As

5

Snapshot of Hyperon Spectroscopy

100 days
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mental data [73, 249], theoretical predictions from Chiral Perturbation Theory [45, 46], and lattice
calculations [48, 50, 52, 250]. One of the main difficulties for extracting reliable values form ex-
periment is that the existing ⇡K data starts at 750 MeV, and one needs an extrapolation down to
the threshold at ⇠635 MeV. Thus, the new KLF input at low energies, together with the general
improvement in statistics, will settle this issue.

At this point, it is worth noting the decisive role that the precise low-energy data from the NA48/2
experiment [251] played for the revision of the �/f0(500) in the RPP. In this regard, improved
measurements of the S-wave ⇡K phase-shifts at low energy (E <⇠ 1 GeV) would be highly de-
sirable in order to play a similar role for the /K⇤

0(800). On the one hand, the existence of this
type of resonance is linked to the fact that the phase-shift passes through 45� sufficiently close to
the threshold. This is in contrast with the case of an ordinary resonance which corresponds to a
fast increase of the phase-shift passing through 90�. On a more quantitative side precision mea-
surements of the S-wave phase-shifts would allow application of the Padé approximant method
for determining the positions of the resonances (see, e.g., [193]. This method has been recently
applied to ⇡K scattering, and a  pole has been found in Ref. [77] using as an input the fit to data
constrained with Forward Dispersion Relations obtained in Ref. [73].

Alternatively, the most rigorous way to determine this resonance pole is using Roy-Steiner (RS)
type equations [252, 253]. These equations rely on the first principles like analyticity, crossing as
well as data. They provide a suitable framework for performing extrapolations in the low energy
region, E < 1 GeV, of the S and P partial waves given sufficiently precise inputs at higher ener-
gies, essentially in the range 1 – 2 GeV. Extrapolations to complex values of the energies can be
performed with the same accuracy as on the real axis. Unlike the Padé approximant approach,
the extrapolation of the I = 1/2 S-wave from the RS equations requires inputs from other partial
waves as well since the equations form a coupled system. Based on the existing data set, an esti-
mate of the  pole position from the RS equations was performed in Ref. [23]. Note that no input
on ⇡K scattering in the scalar partial waves below 1 GeV was used for this estimate. Using this
RS equations with the data produced in KLF would produce an actual experimental and rigorous
determination of the  pole.

In the P -wave, finally, the studies by the LASS Collaboration [27,254] have identified besides the
well known K⇤(892) a new meson, the K⇤(1410). This meson has an unexpectedly low mass as it
appears to be essentially degenerate with the non-strange ⇢(1450) or !(1420) vector mesons. Its
properties are not very precisely known at present.

A.4.3 Status of ⇡K Scattering Measurements:

Figure 45: Illustration of the contribution from one-pion exchange, which is dominant at small momentum
transfer, to the production amplitude. Left: KLp ! K�⇡0�++ or Right: KLp ! KL⇡��++.
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improvement in K
⇤(892) statistics in comparison to previously collected data [188,191,192,

194–196].

3. Impact on P -Wave Phase-Shift Study
The pion exchange in the hadro-production mechanism of K⇤0(892) occurs mostly at low
�t, thus we can have access to the amplitude scattering of K0

⇡
0 ! K

+
⇡
�, as illustrated

in Fig. 14. Using the resolutions and efficiencies from our simulations, we can estimate the
improvement that can be made on the scattering amplitude analysis of K⇡ ! K⇡. The
range of �t that will be used in this comparison will be [0.14, 0.2] GeV2 to ensure that the t

efficiency is uniform. The efficiency of this t range selection is ✏⇡ = 17.85 %. The expected
number of events in this case is 2 · 106.

Figure 58: Amplitude (left) and phase-shift (right) from K
�
p ! K

+
⇡
�
n reaction in LASS Spec-

trometer. The red dots represent the data and the black solid line represents the fit to the amplitude.

Figure 59: Left panel: The K
+
⇡
� invariant mass from Ref. [198] (Figure 3). Right panel: The

expected number of events after 100 days runs.

The study of the K⇡ P -wave phase-shift is mainly used to extract the vector form factor

66

improvement in K
⇤(892) statistics in comparison to previously collected data [188,191,192,

194–196].

3. Impact on P -Wave Phase-Shift Study
The pion exchange in the hadro-production mechanism of K⇤0(892) occurs mostly at low
�t, thus we can have access to the amplitude scattering of K0

⇡
0 ! K

+
⇡
�, as illustrated

in Fig. 14. Using the resolutions and efficiencies from our simulations, we can estimate the
improvement that can be made on the scattering amplitude analysis of K⇡ ! K⇡. The
range of �t that will be used in this comparison will be [0.14, 0.2] GeV2 to ensure that the t

efficiency is uniform. The efficiency of this t range selection is ✏⇡ = 17.85 %. The expected
number of events in this case is 2 · 106.

Figure 58: Amplitude (left) and phase-shift (right) from K
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expected number of events after 100 days runs.
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number of events in this case is 2 · 106.

Figure 58: Amplitude (left) and phase-shift (right) from K
�
p ! K
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⇡
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n reaction in LASS Spec-

trometer. The red dots represent the data and the black solid line represents the fit to the amplitude.
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KLp ! K�⇡0



The traditional method for measuring ⇡K ! ⇡K amplitudes is from elastic scattering measure-
ments

Kp ! K⇡p, Kp ! K⇡n, Kp ! K⇡� (13)

focusing on the region of small momentum transfers |t| < 0.1�0.2 GeV2, which is accessible with
kaon beams of a few GeV. In this region, the amplitude is dominated by the one pion exchange
(OPE) contribution, see Fig. 45 with different Clebsch-Gordan coefficients of isospin 1/2 and 3/2
amplitude combinations. The reaction KLp ! K�⇡0�++ (left) is proportional to (1/3)·(�a2+b2)
while reaction KLp ! KL⇡��++ (right) is proportional to (1/3) · (a2 + 2b2), where a and b
correspond to isospin 1/2 and 3/2 amplitudes respectively. These two independent measurements
in principle allow a separation of isospin 1/2 and 3/2 amplitudes. Similar method of OPE was
used for the extraction of ⇡⇡ ! ⇡⇡ elastic scattering amplitudes, details can be found in the
book [255]. The two experiments performed at SLAC [26,27] have the largest statistics and provide
the best determinations of the ⇡K scattering amplitudes at present. They cover the energy ranges
0.73  E  1.85 GeV (Ref. [26]) and 0.83  E  2.52 GeV (Ref. [27]), respectively. References
to earlier works can be found in the review [256]. -
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Figure 46: Phase of the ⇡K vector form factor. Left: Experimental data from Estabrooks et al. [26] and
LASS Collaboration [27]. The opening first inelastic K⇤⇡ channel is indicated by the dashed vertical line.
The gray band represents the extrema from the fits of Table 3 in the paper by Boito et al. [71] constrained
by the data on ⌧ ! K⇡⌫⌧ decay from Belle experiment [72] with additional constrains from a compilation
of Kl3 decay analyses [258]. Right: 100 days of running with KLF, simulated with the K⇤�(892) (see text
for details).

A completely different approach to measuring the ⇡K phase-shifts makes use of the Watson’s
theorem for weak decay form factors. In this manner, the phase-shift difference �S � �P was
determined by analyzing the D+ ! K�⇡+e+⌫ by the BaBar Collaboration [257]. The results
are in agreement with the LASS determination but more statistics are needed before one reaches
a comparable precision. Similarly, from the measurement of the energy distribution in the decay
⌧� ! KS⇡�⌫ by the Belle Collaboration [72] the P -wave phase has been determined [71], relying
on the analyticity properties of the form factor. Their result is shown in Fig. 46 (left). While Fig. 46
(right) shows the expected results for 100 days of running with KLF, simulated with K⇤�(892)
only. As one can see the proposed measurement will dramatically increase statistical precision of
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the world data and extend the measurement to the very low mass elastic scattering, as well as high
mass inelastic scattering regions.

Since Watson’s theorem is valid in the energy region of elastic scattering, these alternative phase
determinations provide important information on the effective onset of inelastic scattering in the
various partial waves. This figure also shows that the determination of the phase shift in the region
of the K⇤(1410) resonance is not very precise and could be improved.

The same form factors which appear in the ⌧ ! K⇡⌫ decays are also involved in the Kl3 decay
amplitudes: K ! ⇡e⌫, K ! ⇡µ⌫. A series of new Kl3 experiments were undertaken recently
in order to improve the determination of Vus (see Ref. [258]). As shown in Ref. [258], an optimal
analysis of the Kl3 data is achieved by using a description of the two form factors involved based
on phase dispersive representations rather than phenomenological polynomial or pole forms as
done previously.The ⇡K scattering also plays an important role in a number of three-body decays,
like D ! K⇡⇡. Recently, a method was developed [259] which allows to compute the effect of
the three-body re-scattering in terms of the known two-body ⇡⇡ and ⇡K T -matrices. This could
be useful for identifying small CP violating effects in the charm sector.

A.4.4 Theory:
Up to now the only experimental data on s-wave for both isospin states I = 1/2 and I = 3/2
were obtained in the SLAC experiment by Estaabrooks et al. Ref. [26]. This limits precision to
extract the mass and the width of the . On the left panel of , the SLAC data are presented with
the theoretical extrapolation of the Roy-Steiner dispersive equations from Ref. [249]). On the right
panel of Fig. 47, the s-wave phase shifts are presented with statistics based on 100 days of running
with KLF. As one can see there is dramatic improvement not only in statistical uncertainties, but
also in the number of points reaching to the much lower invariant masses of K⇡ system. The
simulated data are obtained from the reactions KLp ! K�⇡0�++ and KLp ! (KL)⇡��++,
where the KL in the latter case is reconstructed via missing mass technique.
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Figure 47: Left: Results for the S-wave phase shifts extrapolated below 1 GeV based on the Roy-Steiner
dispersive equations (from Ref. [249]) compared with the experimental data from Ref. [26]. Right: Expected
phase shift statistics for s-wave isospin I = 1/2 (upper half) and I = 3/2 (lower half) states simulated for
100 days of running with KLF. In both panels phase shifts are plotted as a function of invariant mass of K⇡
system.

Pions and kaons are QCD pseudo-Goldstone bosons, therefore the ⇡K amplitudes at low energy
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with KLF. As one can see there is dramatic improvement not only in statistical uncertainties, but
also in the number of points reaching to the much lower invariant masses of K⇡ system. The
simulated data are obtained from the reactions KLp ! K�⇡0�++ and KLp ! (KL)⇡��++,
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Figure 47: Left: Results for the S-wave phase shifts extrapolated below 1 GeV based on the Roy-Steiner
dispersive equations (from Ref. [249]) compared with the experimental data from Ref. [26]. Right: Expected
phase shift statistics for s-wave isospin I = 1/2 (upper half) and I = 3/2 (lower half) states simulated for
100 days of running with KLF. In both panels phase shifts are plotted as a function of invariant mass of K⇡
system.
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100 days of running

Width and Mass  of  (800)

Figure 64: Present situation of the determinations of the  pole. The figure is from Ref. [20, 126]
but we have added as a red point with uncertainties, the simulation of the pole position that would
be obtained by means of a Roy-Steiner analysis when fitting to the amplitude and phase-shift of
LASS, but scaled by the precision that will produced by KLF experiment after 100 days of run.
This calculation also include estimates of systematic effects. Note that the other points are either
predictions [22] or illustrative models that may have additional systematic uncertainties due to
their model dependence, like Breit-Wigner determinations.
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Measurement with KLF will reduce:
Uncertainty in the mass by factor of two
Uncertainty in the width by factor of five!
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We are here: 1µs After the Big Bang

Evolution of Early Universe at Freeze-out
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Figure 1: Ratio µS/µB at leading order as a function of the temperature. The two curves are the
HRG model result obtained with the well-known states from the PDG2012 (full black line) and
Quark Model (dotted red line).

The lattice results for this observable are shown in Fig. 1, in comparison to the HRG model
results based on the well-established states from the PDG2012 (full, black line) and the
Quark Model (dotted, red line). The improvement due to the inclusion of the QM states
is evident. However, for other observables such as χS

4 /χ
S
2 and χus

11 , the agreement between
HRG model and lattice gets worse when the QM states are included (see the two panels of
Fig. 2).
By observing these plots we can already try to understand what the issue could be. The ratio
χS
4 /χ

S
2 is proportional to the average strangeness squared in the system. The fact that the

QM overestimates the data means that it either predicts too many multi-strange states or not
enough S = 1 states. Analogously, χus

11 measures the correlation between u and s quarks: it
is positive for baryons and negative for mesons. The fact that the QM overestimates the data
means that it either predicts too many strange baryons or not enough strange mesons.
In order to solve this ambiguity, we decided to look at each particle family separately, divid-
ing them according to their baryonic and strangeness content. In order to do so, we defined
the partial pressures for each family in the hadronic phase, according to the following equa-
tions [15]:

P (µ̂B, µ̂S) = P00 + P10 cosh(µ̂B) + P0|1| cosh(µ̂S)

+ P1|1| cosh(µ̂B − µ̂S)

+ P1|2| cosh(µ̂B − 2µ̂S)

+ P1|3| cosh(µ̂B − 3µ̂S) , (5)

where µ̂i = µi/T , and the indexes are PB|S|.
Our results are shown in Fig. 3. The first five panels show the contributions of strange
mesons, non-strange baryons and baryons with |S| = 1, 2, 3 respectively. All lattice results
are continuum-extrapolated, with the exception of the strange mesons, for which the finite-
Nt lattice data do not scale. The last panel shows the relative contribution of the single
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KL2016   
[60 people from 10 countries, 30 talks]   https://www.jlab.org/conferences/kl2016/
           OC: M. Amaryan, E. Chudakov, C. Meyer, M. Pennington, J. Ritman, & I. Strakovsky

YSTAR2016 
[71 people from 11 countries, 27 talks] https://www.jlab.org/conferences/YSTAR2016/
           OC: M. Amaryan, E. Chudakov, K. Rajagopal, C. Ratti, J. Ritman, & I. Strakovsky

HIPS2017    
[43 people from 4 countries, 19 talks]     https://www.jlab.org/conferences/HIPS2017/
           OC: T. Horn, C. Keppel, C. Munoz-Camacho, & I. Strakovsky

PKI2018       
[48 people from 9 countries, 27 talks]    http://www.jlab.org/conferences/pki2018/
           OC: M. Amaryan, U.-G. Meissner, C. Meyer, J. Ritman, & I. Strakovsky

In total: 222 participants & 103 talks
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https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.jlab.org%2Fconferences%2Fkl2016%2F&data=01%7C01%7Cmamaryan%40odu.edu%7C9bec8a8cb9484b76790908d5b336bac2%7C48bf86e811a24b8a8cb368d8be2227f3%7C0&sdata=UqgjQ9PtJ1XFm3c7ydjZCz6DjJnsaqO91jagBk0rDpU%3D&reserved=0
https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.jlab.org%2Fconferences%2FYSTAR2016%2F&data=01%7C01%7Cmamaryan%40odu.edu%7C9bec8a8cb9484b76790908d5b336bac2%7C48bf86e811a24b8a8cb368d8be2227f3%7C0&sdata=6CbgbAF5bW5ABL0ZqX%2BvDiuD60YOZYKIuNx7077QzIY%3D&reserved=0
https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.jlab.org%2Fconferences%2FHIPS2017%2F&data=01%7C01%7Cmamaryan%40odu.edu%7C9bec8a8cb9484b76790908d5b336bac2%7C48bf86e811a24b8a8cb368d8be2227f3%7C0&sdata=tU6TTK4sN7xccd%2BipQaKhRIOh6qArmLbduKVjr4Zi9Q%3D&reserved=0
https://na01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.jlab.org%2Fconferences%2Fpki2018%2F&data=01%7C01%7Cmamaryan%40odu.edu%7C9bec8a8cb9484b76790908d5b336bac2%7C48bf86e811a24b8a8cb368d8be2227f3%7C0&sdata=%2BVMIYdc%2FADlnntuWVV5smHchB%2FdT7bFwZ49JwOh0KPc%3D&reserved=0


Epilogue

All   questions  raised by the  PAC47 are  addressed

Final  version of  the proposal will  be sent to 
the Collaboration  by the  end of  May

The KL Facility will improve  our knowledge on many  topics 
of strange  hadron spectroscopy in unprecedented way



Thank you !


