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Introduction
• The proposal was approved by PAC48 in 2020 to run 200 

days on LH2 and LD2 targets (for the first time ever) 
equally divided https://arxiv.org/pdf/2008.08215 

• The main goal of the experiment is hyperon spectroscopy                                
and strange meson spectroscopy
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KLF  Beamline 
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From Executive Committee Meeting on 6/16/2025

5

20% radiator with 
nominal beam

Tmax = 135 OC

CPS Design
• CPS conceptual design with 10% R.L. 

radiator is complete.
• Most of the engineering design for the 

absorber is done.
• Design of the steel, lead, concrete, and 

borated poly stacking is done.
• Implemented in FLUKA simulations. 

• We are evaluating CPS performance 
with a 20% RL radiator.

• Currently, no problem is identified.

• CPS magnet and power supply have 
been procured.

• $250K total cost for procurement. 
• Both magnet and the power supply are 

at JLAB.

• The plan is to submit a purchase 
request for the copper absorber this 
year. 

• Subject to funding availability. 

• Current estimate for finishing CPS 
installations is November 2027.

• Depends on funding and manpower 
availability as well as on the Hall D 
schedule. 

CPS Magnet

6/16/2025 4

FLUKA model
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Kaon Production Target (KPT)

• KPT engineering design is nearly ready


• KPT+beamline implemented in Geant4 and FLUKA


• Variable tungsten absorber (~14 cm) to reduce bckg


• Rates of FDC, CDC and TOF are at or below GlueX limits


• No obvious issues 


• Radiation level in the hall is acceptable

6
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KPT Simulations: Original Parameters
• Richard Jones implemented a KPT model with 

the downstream beamline into GlueX HDGeant 
simulation program.

• Significant problems were identified with the 
detector rates in SC, FDC, TOF, and CDC.

• It was decided to try to find a solution that would 
reduce the rates to values equal or smaller than 
the ones seen in HDGeant with GlueX-II 
conditions. 

• Pavel Degtyarenko added geometry of KPT and 
downstream beamline to his FLUKA model for 
KLF. 

• No obvious issues were identified with the 
radiation environment.

• Pavel suggested improving the shielding by adding 
steel and CuW collars  near the beam at the exit of 
the KPT assembly and labyrinth walls. 

• Pavel noticed that the neutron flux with P>4 GeV/c 
will be significantly larger than what was in the 
PAC48 proposal.

• Low energy photon rates in the beam at the target 
location were higher than expected.

• The experimental design for KLF may need to 
be revisited. 

6/16/2025 5

GEANT4 model
Richard

FLUKA model
Pavel

GEANT4
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Flux Monitor (expanded view)

-Pizza - 48 layers, two times 24

-Tracker - 4 planes, each plane has 4 layers, 122 straws per layer

-TOF - 22 Bars, each 10cm wide

-High Resolution Scintillators- 64 elements in total, 32 per layer

Flux Monitor

4.3 KL Flux Monitor

Kaon flux measurements are important for the absolute cross section determination. The KL flux
monitor (KFM), located upstream of the GlueX spectrometer, is planned to reutilize existing com-
ponents of the WASA detector to measure in-flight KL decays for the flux determination, without a
magnetic field. Up to now, all components have been successfully uninstalled at the COSY facility
in Jülich (Germany), packed, vacuumized, and prepared for transportation. They will be shipped
as soon as all of the paperwork is ready, which is expected within the next few months. Through
the UK STFC consolidated grant, the UoY was granted a dedicated core Postdoc with substantial
travel funds to take care of testing and installation of KFM. Besides the UoY, the ODU agreed to
contribute an additional technician and a postdoc to assist with the KFM installation process. There
is a small di↵erence in the KFM design compared to the ERR-I version [KLF:ERR-I]1: we plan to
have an additional insertable tungsten foil which should allow us to measure theKL ! KS conversion
rate and have an additional alternative determination of kaon flux at high kaon energies to reduce
possible systematic uncertainties in kaon flux determination (Fig. 7 (left)). Since KS’s decay into
two pions and the KL ! KS conversion rate are constant for the reasonably high kaon energies, the
rate of such events allows us to reconstruct kaon flux, while ⇡⇡ opening angle allows kaon momentum
determination, independent of ToF. This additional method not only allows reducing the systematic
uncertainty but also provides an opportunity for precise time calibration and synchronization checks
(Fig. 7 (right)).

 [GeV/c]
LKP

2 4 6

]
-1 s

-1
flu

x 
[M

eV

0

0.2

0.4

0.6

0π-π+π

νµπ

νeπ

Flux Monitor countrate

Figure 7: The Kaon Flux Monitor performance. Left: Visible KL flux for various decay channels within

the KFM acceptance. Right: KFM reconstruction of KL momentum by ToF technique (red solid curve) in

comparison with pure geometrical reconstruction from KL ! KS conversion and subsequent KS ! ⇡+⇡�

decay (black solid curve).

5 Experimental Landscape

The experimental landscape has changed somewhat since the original proposal was approved, but
KLF remains a timely experiment that can uniquely address challenges in strange-quark hadron

1A pure time-of-flight KFM design with just start and stop detectors and a tracking system, but without a magnet. It was
presented and approved at the ERR-I

7
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K-long Flux

KL Rates at the LH2 Target

• Assuming the tungsten plug and the radiator 
length are modified.

• KL flux should increase by a factor of ~1.36 by 
doubling the radiator (10% ⟶ 20%) (GEANT4) 
without changing the absorber.

• KL absorption increases by ~1.75 due to the 
extra 4cm of W plug (K=7.1cm) .

• Expect ~22% decrease of KL rate with respect 
to the original design due to the radiator and 
absorber changes.

• Based on SLAC data, my expectation for 
KL rate is ~3.1 KHz.

• There are other rate estimates as well. 

• We may need a working group that will make 
some physics projections:

• estimate the likely range of KL rates at the LH2 
target,

• evaluate the physics impact of KL rate change,
• produce a write up of the results.

• The working group will use the current 
beamline parameters that we believe will 
allow KLF to operate at 5A electron beam 
current. 

• Produce a document that can be used or 
references to answer Thia’s questions. 

6/16/2025 13

• Multiple estimates of KL rates have been presented.
• We did not agree on any number or range for KL 

rates.
• There are uncertainties in the estimating KL rate. 

• KL production cross section is not very well known, 
• The biggest uncertainty is the KL absorption rate.

• Difference in the KL rate between assuming K=10.8 
cm and assuming K=7.1 cm is a factor ~2 .

• 8.2 KHz with K=10.8 cm ⟶ 4.1 KHz with K=7.1 cm 

Analysis KL Rate (Hz)            
(10cm W, 10% RL)

KL Rate  (Hz)                
(14cm W, 20% RL)

Effective KL Absorption 
length used (cm) Comments

Ilya & Igor 10000 PAC 48
Pavel 8200 10.8 FLUKA
Eugene 3300 1900* 7.8 p production only
Eugene 8500 5000* 7.8 PYTHIA, 7KHz - 10KHz range
Richard 1500 7.8 p production only
Moskov 7600 6.4 Based on SLAC data
Hovanes 3100 7.1 Based on SLAC data

PAC48 – 10 KHz
FLUKA – 7 KHz
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SLAC rate was 10 KL/s
Phys. Rev. D 7, 708 (1973).



GlueX Start Counter
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E. Pooser, F. Barbosa, W. Boeglin et al. Nuclear Inst. and Methods in Physics Research, A 927 (2019) 330–342

Fig. 1. The GlueX Start Counter mounted to the liquid H2 target assembly. The beam direction is oriented from left to right down the central axis of the ST.

Fig. 2. 2-D cross section of the Start Counter.. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 3. Start Counter single paddle geometry. Unlabeled dimensions shown are in mm.

After the straight scintillator bar was bent to the desired geometry
the two flat surfaces, oriented orthogonal to the wide top and bottom
surfaces, were cut at a 6˝ angle. During this process, the width of the
top and bottom surfaces of the straight section were machined to be
16.92 mm and 16.29 mm wide respectively. Thus, each of the paddles
may be rotated 12˝ with respect to the adjacent paddles so that they form
a cylindrical shape with a conical end. This geometrical design for the
ST increases solid angle coverage while minimizing multiple scattering.

2.3. Support structure

The ST scintillator paddles are placed atop a low density Rohacell [7]
foam support structure which envelopes the target chamber, illustrated
in Fig. 1. The Rohacell is 11 mm thick and is rigidly attached to
the support hub at the upstream end and extends along the length of
paddles, partly covering the conical nose section. The cylindrical part
of the Rohacell is reinforced with three layers of carbon fiber, each with
a thickness of 650 �m; this is illustrated in green in Figs. 2 and 4.

331

NIM, A927 (2019) 330-342 
6 Zakopane-YTanaka-resubmit-20230211 printed on June 3, 2025

followed by capture of a Λ hyperon in the projectile spectator. Hypernuclei

produced in-flight can travel a distance of the order of some 10 cm and then

decay into π−
and forward residues in the case of the two-body mesonic

decay. The produced hypernuclei can be identified with the invariant-mass

spectroscopy technique, by measuring the momentum of the π−
with the

WASA detector and that of the forward residue with high momentum re-

solving power by the FRS. Additional scintillating fiber trackers (UFTs,

MFTs, and DFTs) were installed for measuring all the relevant trajectories

to determine the primary reaction vertex and the decay vertex, which are es-

sential to deduce the lifetime of the hypernuclei. In addition, a start counter

consisting of segmented plastic scintillators was placed at the entrance of

FRS-F2 to define the start timing of the time-of-flight measurements.

55 cm

6 mm

6 mm

37.5 cm

Fig. 3. Pictures of the newly developed plastic scintillators PSB (a), PSFE (left in

Panel b), and PSBE (right in Panel b). Panels (c) and (d) show the circuit boards

with MPPCs (Hamamatsu Photonics, S13360-6050PE) for PSB and for PSFE and

PSBE, respectively.

2.2. Data collection

We have successfully collected data for both experiments performed in

2022. Particle-selective signals provided by the detectors on the FRS side

triggered the whole data acquisition systems, which enabled us to efficiently

accumulate data of the reactions of interest. In the η′-mesic nuclei exper-

iment, we recorded ∼ 1 × 10
7
events of the

12
C(p,d) reaction in a 62-hour

Plastic Scintillator Barrel (PSB) for WASA-FRS

p beam

 Carbon target 

 d
to FRS 
   F4

p beam p

SEC  

PSFEPSBE

PSB

to FRS  
F4

MDC

Newly developed PSB at RIKEN

Time [ns]        

Updating PSB (plastic scintillator barrel)

Amplifier

rise time 
 2–3 ns

Example of waveformMPPC board

based on design given in IEEE Trans. Nucl. Sci. 61, 2657 (2014) 
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R. Sekiya, Y.K.Tanaka, K.Itahashi, V. Drozd,
H. Fujioka, S. Y. Matsumoto, T. R. Saito, K. Suzuki, 2.5 GS/s 

digitizer

550 mm x 38 mm x 8 mm

    ELJEN-EJ230 plastic (attenuation L = 1.2 m)   MPPC (Hamamatsu S13360), 6 x 6 mm2

 Prototype: MPPC readout at both sides to improve time resolution 

V 
[m

V]
   

   
  

* CFD+TDC 
* QDC  
* 2.5 GS/s Digitizer (CAEN-V1742)

EJ230

Readout scheme

Design and development : 
R.Sekiya et.al., NIM A 1034 (2022) 166745

3x MPPC

MPPC board

 MPPC S13360-6050PE 

(Note that O(100Hz) clean DAQ trigger from FRS-F4 is used.)

for ΔE and β

Start Counter for KLF

 50-80 ps !

NIM, A1034 (2022) 166745

250 ps

Beam

Will be ready by the end of 2026

K-long Facility at JLab Moskov Amaryan

Summary

• For the first time in the history of Particle Physics intensive
beam of neutral  ! will be used for the strange hadron spectroscopy.

• In hyperon spectroscopy all excites states of ⌃⇤’s and ⇤⇤’s
will be measured in the formation reactions.

• The ⌅⇤’s will be measured either as a decay product of ⌃⇤’s
in the formation reactions or via direct production mechanisms.

• The ⌦⇤ hyperons will be measured in the production reactions.

• In the strange meson sector it will allow to measure the mass
and the width of so-called ^ scalar mesons as well as of higher
 ⇤ states with unprecedented accuracy.

• The proposed measurements will shed a light on thermodynamic
properties of the Early Universe 1 `s after the Big Bang.

• In addition to regular 3-quark states, it will also provide
an unprecedented measurement of pentaquark states.
The proposed experiment has a crucial sensitivity to answer
either of existense or non-exiatense of ⇥+ pentaquark.

�C =
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Figure 29: Muon momentum spectrum for the Bethe-Heitler (see details in text).

and gamma fluxes and prompt dose rates for the KLF experiment are below the JLab RadCon
requirement establishing the radiation dose rate limits in the experimental hall.

5.7 KL Momentum Determination and Beam Resolution

The mean lifetime of the KL is 51.16 nsec (c⌧ = 15.3 m) whereas the mean lifetime of the K� is
12.38 nsec (c⌧ = 3.7 m) [1]. For this reason, it is much easier to perform measurements of KLp
scattering at low beam energies compared with K�p scattering.
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Figure 30: Left: Time resolution (�t) for KL beam as a function of KL-momentum. Middle: Momentum
resolution (�p/p) as a function of momentum (note, log scale). Right: Energy resolution (�W ) as a function
of energy. The dashed line shows approximate W resolution from reconstruction of the final-state particles.

The momentum of a KL beam will be measured using time-of-flight (TOF) - the time between the
accelerator bunch (RF signal from CEBAF) and the reaction in the LH2/LD2 target as detected by

42
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Hyperon Spectroscopy
According  to LQCD there should be

many more states including hybrids (thick bordered)

FIG. 4 (color online). Results for baryon excited states using the ensemblewithm! ¼ 391 MeV are shownversus JP. Colors are used to
display the flavor symmetry of dominant operators as follows: blue for 8F inN,!,", and#; beige for 1F in!; yellow for 10F in$,",#,
and%. The lowest bands of positive- and negative-parity states are highlighted within slanted boxes. The eight excited states of ", with
JP ¼ 3

2
þ , that are shown within a slanted box, are Hg states 1, 2, 4, 5, 7, 8, 13 and 15. Fits for the same states are shown in Fig. 1 and

identifications of their spins and flavors are noted in Fig. 3.
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Edwards, Mathur, Richards and Wallace, Phys. Rev. D 87, 054506 (2013) 
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K-long Facility at JLab Moskov Amaryan

Hyperon Spectroscopy

One of the main advantages of using secondary  ! beam is to use it to measure excited ⌃⇤’s
and ⇤⇤’s on hydrogen and deuterium targets respectively in the formation reactions benefiting from
the fact that contrary to the charged kaon beams, in the case of the neutral kaon beams we have entire
momentum spectrum at once. As was outlined in the original proposal, dozens of hyperon states
predicted by CQM and LQCD are either not observed or have a low star status in PDG2024 [4]. As
an example, with 100 days on a hydrogen cryogenic target, the unique identification of the ⌃⇤(1920)
decaying to  +⌅0 will be possible. In addition, channels with c+⇤ final states will be measured with
the final states with the ground state or excited ⇤⇤’s. As there is no data on polarization observables
for  !-induced reactions, the KLF experiment will provide data for Partial Wave Analysis (PWA)
with self-polarization of produced hyperons. In Fig. 2 (left), we present LQCD predictions for
hyperon states with solid rectangles for hybrids [5]. In the upper right panel, the branching ratios
for ⌃(1920) presented with bands of statistical precision for 20 vs 100 days of beamtime.

In the lower right panel, the branching ratios for different ⌅⇤� states produced on the deuteron
target that decays to  �⇤ are presented as functions of the running time. Data will be obtained in
the reaction  != !  +⌅⇤� ( �⇤). As can be seen, even for a high mass ⌅⇤(2300), 100 days of
running will be sufficient to obtain statistical precision on the order of 20%.

Figure 2: Example of comparison between expected KLF measurements (right) and Lattice
QCD predictions for the hyperon spectrum (left) with solid rectangles for hybrids [5] (see text for
details).

The mean lifetime of the  ! is 51.16 ns (2g = 15.3 m) whereas the mean lifetime of the  �

is 12.38 ns (2g = 3.7 m). This provides another reason why performing measurements of  ! ?

scattering is more advantageous compared to  �? scattering, especially at lower momenta. In

3

Some examples
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and reconstruction software, and the event selections have been tuned based on initial simulations
of prominent background channels. Examples of the statistical precision for the reconstruction of
KLp ! ⇡

+⇤ (Fig. 2) andKLp ! K
+⌅0 (Fig. 3 (right)) are presented. These results show that we can

reconstruct these key reactions with good precision. The di↵erential cross sections and polarization
observables will be used as input to global PWA analyses.

Figure 3: Di↵erential results on the induced polarization of ⌅
0
from KLp ! K+

⌅
0
events events from

simulations corresponding to 100 days of running. Left: From Proposal [KLF:2020gai]. Right: From

exclusive ⌅
0
reconstruction using current software and including the use of kinematical fitting.

3.2 Meson Spectroscopy

Another unique possibility that the KLF experiment will provide is a measurement of the amplitudes
and phase shifts for K⇡ scattering. Moreover, it will provide the opportunity to disentangle isospin
1/2 and 3/2 components of the amplitudes. One primary goal of these studies, as discussed in the
original proposal, is that the mass and width of the scalar K⇤

0(700) meson, commonly known as ,
can be measured with excellent precision through K⇡ scattering studies, thus providing important
information about the existence of the nonet of scalar mesons.

Figure 4: Phase of the ⇡K vector form factor. Left: Experimental data from Estabrooks et
al. [Estabrooks:1978] and LASS Collaboration [LASS:1988]. The opening first inelastic K⇤⇡ chan-

nel is indicated by the dashed vertical line. The gray band represents the extrema from the fits in the

paper by Boito et al. [Boito:2010] constrained by the data on ⌧ ! K⇡⌫⌧ decay from Belle experiment

with additional constrains from a compilation of Kl3 decay analyses. Right: 100 days of running with

KLF, simulated with the K⇤�
(892).

As a first step in this direction, we are focusing on updated studies of the well-known K
⇤(892)

meson in the reactions KLp ! K
⇤0(892)p and KLp ! K

�0(892)�++. The K⇤(892) is a vector meson

4

Induced polarization
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New MC simulations with KLF
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Dan Guo, Jun Shi, Igor Strakovsky, & Bing-Song Zou, arXiv:2504.21342 [hep-ph]

Isospin-Selective Reaction KLp→π+Σ0 Provides Clean Probe for Investigating I = 1 Σ∗ Resonances

Analysis of this reaction using effective Lagrangian approach for 
first time, incorporating well-established (4*): 
Σ(1189)1/2+, Σ(1385)3/2+, Σ(1670)3/2−, & Σ(1775)5/2− states, 
while also exploring contributions from other unestablished states. 

It was found that besides established resonances, contributions 
from Σ(1660)1/2+ (3*), Σ(1580)3/2− (1*), & Σ(1620)1/2− (1*) 
improve description.

L. David Roper & Igor Strakovsky, Eur. Phys. J. A 61, 102 (2025)

Masses of three or more equal-quantum 
excited states, using BW PDG24 masses & 
their uncertainties @ fixed JP for baryons 
& JPC for mesons, are fitted by simple 
two-parameter logarithmic function, 

Mn = αLn(n)+β, 
where n is the level of radial excitation

Universal Mass Equation for Equal-Quantum Excited-States Sets

Predicted state

Missed state

Σ(1580)3/2− Σ(1620)1/2− 
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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
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SLAC Data

KLF
(100 days)

Projected Measurements

9

Figure 63: Left panel: Expected distribution of the K
+
⇡
� invariant mass below 1.6 GeV from

KLF after 100 days of run. The dark magenta function represents the K
+
⇡
�
P -wave, light brown

the S-wave and green the D-wave. The dashed line represents the threshold of K⇡ invariant mass
in LASS results [136]. Right panel: Zoomed-in view of K+

⇡
� invariant mass below 0.85 GeV

where the pole of  is expected to exist.

Figure 64: Left panel: Plot produced by the authors of Ref. [124]. Data from LASS results [136,
138]. The upper panel shows the 1/2 isospin S-wave K⇡ amplitude, whereas the lower one shows
the phase-shift, which were measured independently. The continuous line is the unconstrained fit
from Pelaez and Rodas dispersion relation study [124], whose uncertainties are covered by the gray
band. For comparison, the red line represent the fit the amplitude of LASS scaled by the expected
KLF production during 100 days of run, whose corresponding uncertainties are delimited by the
red band. Reft panel: is the zoom of the left plot.
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FIG. 1: Experimental data on the S3/2 phase shift, δ3/20 (s).
The data come from [22] (Y. Cho et al.), [23] (A.M. Bakker et
al.), [26] (B. Jongejans et al.), [25] (D. Linglin et al.) and [27]
(P. Estabrooks et al.). The dashed line shows our fit to these
data and the dotted lines enclose its uncertainty band. The
continuous line represents our unconstrained fit including also
the data on t1/20 + t3/20 /2, whose uncertainty is represented by
the gray band.

slightly less than one. The resulting fits are rather sim-
ilar, but we have preferred the uncertainty band of the
first because the systematic uncertainty is not correlated
to the statistical one. In addition, the second approach
satisfies much worse the threshold sum rules that we will
check in the next sections. The result of our fit, with the
estimate of systematic uncertainty added to the statisti-
cal uncertainties, is χ2/d.o.f. = 37/(44− 3 + 1).

TABLE I: Parameters of the S3/2-wave.

Parameter UFD CFD

B0 2.25 ±0.04 2.27 ±0.04
B1 4.21 ±0.17 3.94 ±0.17
B2 2.45 ±0.50 3.36 ±0.50

Had we considered only two Bk parameters, the fit
would yield an 80% larger χ2/d.o.f., whereas with four
it would decrease by 15%. Since three parameters as in
Eq.11 already provide a χ2/d.o.f. < 1 we do not consider
necessary to have a fourth parameter. We show this fit
as a dashed line in Fig.1, where the uncertainty band is
delimited by the dotted lines.
Still this is not our final fit because there is also ex-

perimental information on the tS ≡ t1/20 + t3/20 /2 combi-
nation. In the next subsection we will explain how the
fit to the tS data produces a small modification on the
S3/2-wave. The result provides the final S3/2 parameteri-
zation, which is also shown in Fig.1 as a thick continuous
line whose uncertainties are covered by the gray band.
Since no dispersion relation has been imposed yet, this

result will be called Unconstrained Fit to Data (UFD),
whose parameters are found in Table I. The Constrained
Fit to Data (CFD) in that table will be discussed later
in Sec.V. In the Figure it can be noticed that this UFD
result is similar to the fit to the S3/2-wave data alone
that has been described in this subsection.

2. I=1/2 S-wave

For this wave, inelasticity has been measured above
1.3 GeV and for the most part it is due to the Kη state
rather than to states with more than two mesons. Hence,
we are going to parameterize the amplitude using the
elastic formalism of Subsec.III B 1 below Kη threshold,
and with the inelastic formalism of Subsec.III B 2 above
that threshold.
Thus, for (mK +mπ)2 ≤ s ≤ (mK +mη)2 we will use

a conformal expansion of the type in Eq.(6), namely:

cot δ1/20 (s) =

√
s

2q(s− sAdler)
(B0 +B1ω). (13)

Once again we have explicitly factorized the Adler zero,
which we have set to its leading order within Chiral Per-
turbation Theory value:

sAdler =
(

ΣKπ + 2
√

∆2
Kπ +m2

Km2
π

)

/5 ≃ 0.236GeV2.

(14)
As explained in Appendix A, for this wave it is conve-
nient to fix the constants that define the center of the
conformal variable ω in Eq.(7) to the following values

α = 1.15, s0 = (1.1GeV)2. (15)

The parameters obtained for the best Unconstrained
Fit to Data (UFD) are given in the first column of Ta-
ble II.

TABLE II: Parameters of the elastic S1/2-wave.

Parameter UFD CFD

B0 0.411 ±0.007 0.411 ±0.007
B1 0.181 ±0.034 0.162 ±0.034

In contrast, in the s ≥ (mK + mη)2 region we will
implement the inelastic formalism of Eqs.(8),(9),(10) as
follows:

t1/20 (s) =
Sb
0S

r
1S

r
2 − 1

2iσ(s)
, (16)

where

Sb
0 = exp[2iqηK(φ0 + φ1q

2
ηK)]. (17)

For Sr
1 we use Eq.(10) with

P1(s) = (sr1 − s)β + e1G1
p1(qπK)

p1(qrπK)

qπK − q̂πK
qrπK − q̂πK

,(18)

Q1(s) = (1− e1)G1
p1(qπK)

p1(qrπK)

qηK
qrηK

ΘηK(s), (19)
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3.2 Kaon Spectroscopy

One of the most controversial states in light meson spectroscopy is the elusive /K⇤(700). This
broad resonance “still needs confirmation” according to the PDG2018 [1]. The reason for the im-
portance of this state is twofold. First of all, the unambiguous determination of its existence would
complete the lightest scalar meson nonet, together with the already observed a0(980), f0(980),
and �/f0(500) mesons. Secondly, the precise determination of the resonance parameters of the
/K⇤(700) is necessary to distinguish between different models of its internal structure, which
also will provide insight into its lighter cousin, the �/f0(500). In addition to this state, there are
several other strange-quark resonances belonging to heavier nonets which decay to K⇡ with size-
able branching ratios. Unfortunately most of the resonance parameters of these states have not
been extracted with high accuracy due statistical limitations or uncontrolled systematic effects due
to the simple models used to describe their lineshapes.
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Figure 2: Expected precision on the /K⇤
0 (700) pole parameters for 100 days of running time. The uncer-

tainties of KLF prediction are presented in a red color within the blue error bars obtained without KLF data.
The shadowed rectangle stands for PDG2018 uncertainties. (see Section 4.2 and Appendix A.4 for details).

The best way to unravel these states and improve the current knowledge on them is to study the
I = 1/2 partial waves of K⇡ scattering, particularly in the elastic region. In order to have ac-
cess to this scattering process we have to perform an analysis of production experiments like
KN ! K⇡N or KN ! K⇡�, where the total transferred momentum to the final state baryon t
(Mandelstam variable) is small. In this region, the interaction between the kaon and nucleon on the

8

Expected accuracy with KLF

22

17

ScatteringK⇡

Strange Meson Spectroscopy

8
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KL p → K±π∓p = ⟨KLπ0 |K±π∓⟩ = ± 1
3 (T 1

2 − T 3
2),

KL p → KLπ0p = ⟨KLπ0 |KLπ0⟩ = 1
3 (T 1

2 + 2T 3
2),

KL p → K(L,S)π+n = ⟨KLπ+ |KLπ+⟩ = 1
3 (T 1

2 + 2T 3
2),

KL p → K+π0n = ⟨KLπ+ |K+π0⟩ = − 1
3 (T 1

2 − T 3
2),

KL p → K−π0Δ++ = ⟨KLπ− |K−π0⟩ = 1
3 (T 1

2 − T 3
2),

KLn → K±π∓n = ⟨KLπ0 |K±π∓⟩ = ± 1
3 (T 1

2 − T 3
2),

KL p → K(L,S)π−Δ++ = ⟨KLπ− |KLπ−⟩ = 1
3 (T 1

2 + 2T 3
2),

KLn → KLπ0n = ⟨KLπ0 |KLπ0⟩ = 1
3 (T 1

2 + 2T 3
2),

KLn → K(L,S)π±Δ∓ = ⟨KLπ± |KLπ±⟩ = 1
3 (T 1

2 + 2T 3
2),

KLn → K±π0Δ∓ = ⟨KLπ± |K±π0⟩ = ± 1
3 (T 1

2 − T 3
2),

Possible channels with proton and deuterium 

target and corresponding CG coefficient.  Neutral pion exchange


 process.  

Charged pion exchange processes.  
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A.1 Interest of the RHIC/LHC Community in Excited Hyperon Measure-
ments

Figure 35: KLF Project will provide a valuable missing input needed to shed a light on thermodynamic
properties of the Early Universe around 1 µs after the Big Bang.

At temperatures on the order of the pion mass strongly interacting matter undergoes a transition
(rapid crossover) from the confined phase with hadronic degrees of freedom to a deconfined phase
with partonic degrees of freedom, Quark-Gluon Plasma (QGP). A reverse process, hadronization
has taken place shortly after the Big Bang when the matter in the Universe started cooling down and
underwent a chain of transitions, as illustrated in Fig. 35. The properties of the strongly interacting
matter under extreme temperatures and densities and the transition to QGP are under intense study
at the Relativistic Heavy-Ion Collider (RHIC) at BNL and the Large Hadron Collider (LHC) at
CERN. To relate experimentally measured particle yields to theoretically predicted thermodynamic
observables, a detailed understanding of the hadronization process of light and strange degrees of
freedom is required.
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Figure 36: Top: Comparison of predicted and measured excited strange hadronic states in PDG2018,
PDG2018+ (including one star states), QM, and hQM. Bottom left: Lattice QCD calculations of the tem-
perature dependence of the leading order susceptibility ratio (µs/µB) compared to results from HRG model
calculations with varying number of hadronic states. Bottom right: Lattice QCD calculations of the temper-
ature dependence of the baryon number susceptibility �2

B compared to results from HRG model calculations
with varying number of hadronic states.

The relativistic heavy-ion community at the RHIC and LHC has recently embarked on specific
analyses to address the issue of strangeness hadronization. LQCD calculations in the QCD crossover
transition region between a deconfined phase of quark and gluons and a hadronic resonance gas
have revealed a potentially interesting sub-structure related to the hadronization process. Studies
of flavor-dependent susceptibilities, which can be equated to experimental measurements of con-
served quantum-number fluctuations, seem to indicate a slight flavor hierarchy in the three-quark
sector (u,d,s) in thermalized systems. Specifically, the ratios of higher-order susceptibilities in the
strange sector show a higher transition temperature than in the light sector [125]. Recently, original
estimates of the pseudo-critical temperature [126, 127] have been significantly improved placing
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with JP = 1/2+, 3/2+, 5/2+ decaying via cascades would
strengthen the conjecture.

In Ref. [10] the three states are predicted to have masses
of 2099MeV; 2176MeV; 2150MeV. We suggest to search
first for the member of the 20-plet with JP = 3/2+ in the
reaction

KL p ! ⇡+⇤20 , ⇤20 ! ⇤(1520)⌘ or ⇤(1670)⌘ . (13)

This is an S wave decay to an intermediate state with or-
bital angular momentum excitation. The first decay mode
has the disadvantage that ⇤(1520) is dominantly a SU(3)
singlet, ⌘ dominantly SU(3) octet but the mixing angles
deviate significantly from pure SU(3) eigenstates. The sec-
ond mode might be forbidden kinematically if the mass of
the expected resonance is low. With L = 2 between ⌘ and
exciated hyperon, also the states with JP = 1/2+ and
5/2+ could be observed. Note that ⇤ excitations with a
total quark spin S = 3/2 exist only in the SU(6) 20-plet.

3.4 Pentaquark search

The concept of a nucleon composed of three constituent
quarks is certainly oversimplified, and the hadronic prop-
erties of nucleons cannot be understood or, at least, are
not understood in terms of quarks and their interactions.
Skyrme studied the pion field and discovered that by adding
a non–linear “� term” to the pion field equation, stable
solutions can result [59]. These solutions have half inte-
ger spin and a winding number identified by Witten [60]
as the baryon number. These stable solutions of the pion
field equation are called soliton solutions.

The chiral soliton model predicts the existence of a
full antidecuplet of states [61,62] with quantum numbers
JP = 1/2+. The antidecuplet is shown in Fig. 3; the
states are called pentaquarks [63]. Note that the three cor-
ner states have quantum numbers which cannot be con-
structed out of three quarks. In the minimum quark model
configuration, the flavor wave function of the state with
positive strangeness is given by ⇥+ = uudds̄. The strange
quark fraction increases from 1 to 2 units in steps of 1/3
additional s quark. The masses of the pentaquark states
were predicted in Ref. [63]. The increase in mass per unit
of strangeness is is 540MeV, instead of the 120MeV that
are derived when the ⇢ or ! mass is compared to the K⇤

mass. The splitting is related to the so–called �⇡N term
in low–energy ⇡N scattering. Its precise value is di�cult
to determine and has undergone a major revision [64].

Pentaquarks were highly discussed when the so-called
⇥+ was observed in di↵erent experiments [65,66,67,68]. It
has positive strangeness S = +1, its flavor wave function
has a minimal quark content uudds̄. However, in a series
of precision experiments, the evidence for pentaquarks has
faded away (see, e.g., Ref. [69,70,71]) even though some
evidence remains that a narrow state with JP = 1/2+

at 1720MeV might exist [72,73,74]. High-precision exper-
iments are mandatory to settle this important issue. Par-
ticularly convincing would be, of course, the discovery or
confirmation of one o the states having quantum numbers
that are incompatible with a qqq interpretation.

Attractive and easily accessible is the ⇥+. It is best
searched for in the reaction

KLp ! K+n . (14)

The reaction does not receive contributions from ⌃ res-
onances, nor from Pomeron exchange nor from the ex-
change of f0/f2 mesons. In this paper, we concentrate on
inelastic scattering processes and do not expand on reac-
tion (14).

Particularly interesting is the search for a member of
the quartet of ⌅ pentaquarks. The minimal quark content
of the ⌅+(2070) is uussd̄. It can be produced in the KLp
induced reaction

KLp ! KS⌅
+(2070) (15)

At the first moment, the reaction looks like an elastic scat-
tering process. However, the reaction (15) is more compli-
cated. The minimal quark flow is depicted in Fig. 4. The
process can be described as formation of a ⌃+ state be-
longing to the antidecuplet.

Evidence for an isospin partner of ⌅+(2070) with S =
�2, Q = �2 was reported [75] studying proton proton
collisions at the CERN SPS. Its mass of (1862±2)MeV
was a bit low when compared to the prediction [63]. The
state was not confirmed in later experiments [69].

The ⌅+(2070) is best searched for in its decay into
⌅0⇡+, predicted with 30% branching ratio, followed by
the decay ⌅0 ! ⇤⇡0 (⇠ 100%). Thus the reaction

KLp ! KS⇡
+⇡0⇤ ⇤ ! p⇡�;KS ! ⇡+⇡� (16)

needs to be studied. The K0 mass and momentum can
be reconstructed from the ⇡+⇡� pair. With a known KL

momentum, the ⌅+(2070) mass and momentum can be
determined. Then, using the ⇡+ four-vector, the ⌅0 mass
and momentum can be deduced. The ⇤ mass and momen-
tum can be deduced from its decay particles; the crossing
of the ⌅0 and ⇤ trajectories defines the decay point of the
⌅0. The ⌅0 has a mean free path c⌧ = 8.71 cm. Thus, the
reaction chain will be reconstructed with very little back-
ground. An alternative attractive decay mode is given by
⌅(2070) ! K⇤+⌃0. The threshold for this decay mode is
2084MeV.

The non-strange and strange partners in the anti-decu-
plet su↵er from the di�culty that their identification as
members of the anti-decuplet is model-dependent. Evi-
dence for the possible existence of two narrow states at
1685 and 1720MeV has been reported [72,73,74]. The
peak at 1685MeV is discussed extensively in the litera-
ture, see, e.g.,Refs. [76,77,78,79,80,81,82]. It seems to be-
long to the JP = 1/2� partial wave and to be unrelated
to pentaquark spectroscopy. The structure at 1720MeV
certainly requires further investigations but we do not see
a particular advantage to use a KL beam.

There is a triplet of ⌃ states in the antidecuplet. It
is predicted to mix with its nns-partners. In Ref. [83] the
mass of the additional mainly-1̄0 state is calculated to
fall into the range 1795 < M1̄0 < 1830MeV; its main
decay modes with estimated branching ratios of nearly

I3

8 Annika Thiel and Eberhard Klempt: Highlights of the Spectroscopy of Hyperons and Cascade Baryons

uudds̄

udd( 1p
3
dd̄ +

q
2
3 ss̄)

dds( 1p
3
ss̄ +

q
2
3 dd̄)

ddssū
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Fig. 3. The antidecuplet and its quark model decomposition. The antidecuplet predicted by the chiral soliton model describes
nucleons in terms of the pion field and not by the number of quarks [63]. The three corner-states are incompatible with a qqq
assignment.

Fig. 4. (Color online)Left: Quark flow diagram for the reaction
KLp ! KS⌅

+(2070). s-quarks in red, s̄ in orange, d-quarks in
blue, d̄ in green, u-quarks in black. Right: Hadron representa-
tion of the scattering process.

60% (16%) are K̄N (⇡⇤). The ⌃+ decuplet state can be
searched for in a formation experiment. The main di�-
culty is to identify it against the expected nns states.
Quark models, e.g. the Isgur quark model, predicts six
JP = 1/2+ states in the second excitation band at 1720,
1915, 1970, 2005, 2030, 2105MeV. Given the uncertain-
ties with the calculation of Roper-like states in the quark
model and the uncertainty of the predictions using the
chiral soliton model, there is certainly a significant model-
dependence in any attempt to assign a specific state with
non-exotic quantum numbers to the antidecuplet.

4 The Regge trajectories

The masses of light-quark baryons fall onto Regge trajec-
tories. Figure 5 shows the Regge trajectory of � baryons;
plotted is the squared baryon mass M2 versus the to-
tal angular momentum J . The four states �(1232)3/2+,
�(1950)7/2+,�(2420)11/2+, and�(2950)15/2+ – all hav-
ing J = L + S with L = 0, .., 4 and S = 3/2 – are com-
patible with a linear trajectory. This trajectory is com-
pared with the mesonic trajectory, again for mesons with

Fig. 5. The Regge trajectories M2 versus J for mesons and
� baryons have the same slope. This observation suggests for
stretched states with J = L+ S a string excitation between a
quark and a diquark in baryons (from Ref. [20]).

J = L + S but S = 1 and for even and odd angular
momenta. (Note that the negative parity �(1700)3/2�,
�(2200)7/2� and likely �(2750)11/2� have spin S = 1/2.
Nevertheless, they fall onto the trajectory shown in Fig. 5
when the orbital angular momentum L instead of J is
considered.)

For ⌃ resonances, there are only two states that can be
considered at the moment:⌃(1385)3/2+ and⌃(2030)7/2+.
Their squared-mass di↵erence suggests an identical slope
as the one for � states. Nevertheless, it would be impor-
tant to increase our knowledge on high-mass⌃ resonances.

The ⇤ Regge trajectory could be extracted from an
analysis of KLn interactions. Here, ⇤ resonances in SU(3)
singlet and octet and ⌃ resonances in SU(3) octet and
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JP = 1/2+ states in the second excitation band at 1720,
1915, 1970, 2005, 2030, 2105MeV. Given the uncertain-
ties with the calculation of Roper-like states in the quark
model and the uncertainty of the predictions using the
chiral soliton model, there is certainly a significant model-
dependence in any attempt to assign a specific state with
non-exotic quantum numbers to the antidecuplet.
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tal angular momentum J . The four states �(1232)3/2+,
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ing J = L + S with L = 0, .., 4 and S = 3/2 – are com-
patible with a linear trajectory. This trajectory is com-
pared with the mesonic trajectory, again for mesons with

Fig. 5. The Regge trajectories M2 versus J for mesons and
� baryons have the same slope. This observation suggests for
stretched states with J = L+ S a string excitation between a
quark and a diquark in baryons (from Ref. [20]).

J = L + S but S = 1 and for even and odd angular
momenta. (Note that the negative parity �(1700)3/2�,
�(2200)7/2� and likely �(2750)11/2� have spin S = 1/2.
Nevertheless, they fall onto the trajectory shown in Fig. 5
when the orbital angular momentum L instead of J is
considered.)

For ⌃ resonances, there are only two states that can be
considered at the moment:⌃(1385)3/2+ and⌃(2030)7/2+.
Their squared-mass di↵erence suggests an identical slope
as the one for � states. Nevertheless, it would be impor-
tant to increase our knowledge on high-mass⌃ resonances.

The ⇤ Regge trajectory could be extracted from an
analysis of KLn interactions. Here, ⇤ resonances in SU(3)
singlet and octet and ⌃ resonances in SU(3) octet and
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momenta. (Note that the negative parity �(1700)3/2�,
�(2200)7/2� and likely �(2750)11/2� have spin S = 1/2.
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For ⌃ resonances, there are only two states that can be
considered at the moment:⌃(1385)3/2+ and⌃(2030)7/2+.
Their squared-mass di↵erence suggests an identical slope
as the one for � states. Nevertheless, it would be impor-
tant to increase our knowledge on high-mass⌃ resonances.

The ⇤ Regge trajectory could be extracted from an
analysis of KLn interactions. Here, ⇤ resonances in SU(3)
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momenta. (Note that the negative parity �(1700)3/2�,
�(2200)7/2� and likely �(2750)11/2� have spin S = 1/2.
Nevertheless, they fall onto the trajectory shown in Fig. 5
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For ⌃ resonances, there are only two states that can be
considered at the moment:⌃(1385)3/2+ and⌃(2030)7/2+.
Their squared-mass di↵erence suggests an identical slope
as the one for � states. Nevertheless, it would be impor-
tant to increase our knowledge on high-mass⌃ resonances.

The ⇤ Regge trajectory could be extracted from an
analysis of KLn interactions. Here, ⇤ resonances in SU(3)
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Their squared-mass di↵erence suggests an identical slope
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Table 6. The signs of the SU(6) amplitudes for
⌃+(1670)3/2� ! ⇡+⇤(1405); ⇤(1405) ! ⌃±⇡⌥ and
⌃+(1670)3/2� ! ⇡+⇤(1405); ⇤(1405) ! ⌃±⇡⌥

⇤(1405) SU(3) structure: 1 8

⌃+(1670)3/2� ! ⇤(1405)⇡+ + +

,! ⌃±⇡⌥ + -

Sign of transition amplitude at pole: + -

⌃+(1670)3/2� ! ⌃0(1385)⇡+ + +

,! ⌃±⇡⌥ + +

Sign of transition amplitude at pole: + +

sis [56] required only one isoscalar resonance with a pole at
[(1421±3)-i((23±3)]MeV. The pole can be identified with
the ⇤(1405) at a slightly higher mass compared to the
nominal mass. The isovector interactions were described
by two resonances, one below, one above the considered
mass range (1300 - 1500MeV). The SU(3) structure was
determined to be consistent with a singlet but not with an
octet state. There was, however, a second solution with a
description of the data with similar quality. This second
solution was compatible with a second broader isoscalar
resonance with a fixed mass at 1380MeV. In this solu-
tion, the ⇤(1405) changed its SU(3) structure from being
dominant SU(3) singlet to dominant SU(3) octet. Obvi-
ously, the ⇤(1405) SU(3) structure cannot be determined
in a model-independent way from existing K�p scattering
alone, even when the CLAS data on photo-induced data
on ⇤(1405) production are included in the analysis.

TheK�p threshold is at 1432MeV, considerably above
the nominal ⇤(1405) mass. At present, data on di↵erential
cross sections forK�p ! ⇤(1405) ! KN exist only above
1470MeV, those for K�p ! ⇤(1405) ! ⇡⌃ only above
1530MeV. It will be important to repeat the BnGa anal-
ysis with data on K�p scattering covering a mass range
starting from close to the threshold to about 1540MeV.

In the reaction K�p ! ⇡�⇡+ ⇡±⌃⌥ studied in [50],
the full ⇤(1405) line shape can be investigated. In this re-
action, the SU(3) assignment follows from the correlation
in the production and decay dynamics. The derivation re-
lies on approximate SU(6) symmetry in baryon decays.
We consider the two decay sequences

⌃+(1670)3/2� ! ⇡+⇤(1405); ⇤(1405) ! ⌃±⇡⌥ (4a)

⌃+(1670)3/2� ! ⇡+⌃(1385); ⌃(1385) ! ⌃±⇡⌥ (4b)

that are shown to contribute to this reaction [56].
The SU(6) amplitude for reaction (4a) depends on the

SU(3) structure of ⇤(1405) and on the primary ⌃+(1670)
3/2� (see Table 6). The sign of this amplitude is given
by the product of the signs for ⌃+(1670)3/2� ! ⌃⇡ and
⇤+(1405)1/2� ! ⌃⇡. The ⌃+(1670)3/2� belongs domi-
nantly to a spin-1/2 SU(3) octet in the SU(6) 70-plet; ↵ =
5/8. The sign of the SU(6) amplitude for ⌃+(1670)3/2�

! ⌃⇡ is given by 2
p
2 · ↵, hence +1; the sign for the

⇤+(1405) ! ⌃⇡ transition depends on the SU(3) struc-
ture of ⇤+(1405): if it is an octet with spin-1/2 in the

SU(6) 70-plet, it is given by 2(↵� 1) with ↵ = 5/8, hence
negative. If it is a singlet, it is

p
6/4 and positive. The sign

of the transition amplitudes for reactions (4a) and (4b)
are the same when ⇤(1405) is an octet, they are di↵erent
when ⇤(1405) is an octet.

3 The positive-parity states in the second
excitation band

3.1 Missing resonances

The second excitation band contains a number of repre-
sentations:

(56, 0+0 ); (70, 0
+
2 ); (56, 0

+
2 ); (70, 0

+
2 ); (20, 1

+
2 ) . (5)

In total, there are 8 � and 8 ⌦ resonances expected in
the 2nd excitation shell, 13 nucleon resonances, 19 ⇤ reso-
nances, and 21 ⌃ and 21 ⌅ resonances. The Particle Data
Group classifies baryon resonances with a star rating; 3*
and 4* resonances are considered to be established, 1* and
2* resonances not. Table 7 gives the number of predicted
states and compares this number with the number of es-
tablished and the number of 1* or 2* states.

Table 7. Number of expected and observed resonances
that can be assigned to the 2nd excitation shell for JP =
1/2+, .., 7/2+. The first number gives the expected number
of resonances, followed by the number of observed resonances
with 3* and 4*, 1* and 2* (in parentheses).

1/2+ 3/2+ 5/2+ 7/2+ Sum

seen N 4 (4,0) 5 (3,1) 3 (1,2) 1 (1,0) 13 (9,3)

seen � 2 (1,1) 3 (2,0) 2 (1,0) 1 (1,0) 8 (5,1)

seen ⇤ 6 (2,1) 7 (1,1) 5 (2,0) 1 (0,1) 19 (5,3)

seen ⌃ 6 (1,1) 8 (0,4) 5 (1,1) 2 (1,0) 21 (3,6)

seen ⌅ 6 (0,0) 8 (0,0) 5 (0,0) 2 (0,0) 21 (0,0)

seen ⌦ 2 (0,0) 3 (0,0) 2 (0,0) 1 (0,0) 8 (0,0)

In the nucleon spectrum, thirteen states are expected
in the second excitation level. Nine states are established,
three states need further confirmation, one state is miss-
ing. The number of JP = 1/2+ states seems complete; yet
the state with highest mass, N(2100)1/2+, may already
belong to the fourth excitation shell. (It could be low in
mass like the Roper resonance in the second excitation
shell, see Ref. [10].) Then, one state would be missing.
For JP = 3/2+, one state is missing. Below we will dis-
cuss the reasons why we might expect not to observe the
two nucleon states (with JP = 1/2+ and 3/2+) in the
20-plet. In the � spectrum, one state with JP = 3/2+,
one with JP = 5/2+ are missing, one further states with
JP = 1/2+ is seen with little evidence only. The situa-
tion is much worse in for ⇤ and ⌃ hyperons: only 17 of
42 states are seen, only 8 of them are established. No ⌅
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[(1421±3)-i((23±3)]MeV. The pole can be identified with
the ⇤(1405) at a slightly higher mass compared to the
nominal mass. The isovector interactions were described
by two resonances, one below, one above the considered
mass range (1300 - 1500MeV). The SU(3) structure was
determined to be consistent with a singlet but not with an
octet state. There was, however, a second solution with a
description of the data with similar quality. This second
solution was compatible with a second broader isoscalar
resonance with a fixed mass at 1380MeV. In this solu-
tion, the ⇤(1405) changed its SU(3) structure from being
dominant SU(3) singlet to dominant SU(3) octet. Obvi-
ously, the ⇤(1405) SU(3) structure cannot be determined
in a model-independent way from existing K�p scattering
alone, even when the CLAS data on photo-induced data
on ⇤(1405) production are included in the analysis.

TheK�p threshold is at 1432MeV, considerably above
the nominal ⇤(1405) mass. At present, data on di↵erential
cross sections forK�p ! ⇤(1405) ! KN exist only above
1470MeV, those for K�p ! ⇤(1405) ! ⇡⌃ only above
1530MeV. It will be important to repeat the BnGa anal-
ysis with data on K�p scattering covering a mass range
starting from close to the threshold to about 1540MeV.

In the reaction K�p ! ⇡�⇡+ ⇡±⌃⌥ studied in [50],
the full ⇤(1405) line shape can be investigated. In this re-
action, the SU(3) assignment follows from the correlation
in the production and decay dynamics. The derivation re-
lies on approximate SU(6) symmetry in baryon decays.
We consider the two decay sequences
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that are shown to contribute to this reaction [56].
The SU(6) amplitude for reaction (4a) depends on the
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3/2� (see Table 6). The sign of this amplitude is given
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SU(6) 70-plet, it is given by 2(↵� 1) with ↵ = 5/8, hence
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6/4 and positive. The sign

of the transition amplitudes for reactions (4a) and (4b)
are the same when ⇤(1405) is an octet, they are di↵erent
when ⇤(1405) is an octet.

3 The positive-parity states in the second
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The second excitation band contains a number of repre-
sentations:

(56, 0+0 ); (70, 0
+
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In total, there are 8 � and 8 ⌦ resonances expected in
the 2nd excitation shell, 13 nucleon resonances, 19 ⇤ reso-
nances, and 21 ⌃ and 21 ⌅ resonances. The Particle Data
Group classifies baryon resonances with a star rating; 3*
and 4* resonances are considered to be established, 1* and
2* resonances not. Table 7 gives the number of predicted
states and compares this number with the number of es-
tablished and the number of 1* or 2* states.

Table 7. Number of expected and observed resonances
that can be assigned to the 2nd excitation shell for JP =
1/2+, .., 7/2+. The first number gives the expected number
of resonances, followed by the number of observed resonances
with 3* and 4*, 1* and 2* (in parentheses).

1/2+ 3/2+ 5/2+ 7/2+ Sum

seen N 4 (4,0) 5 (3,1) 3 (1,2) 1 (1,0) 13 (9,3)

seen � 2 (1,1) 3 (2,0) 2 (1,0) 1 (1,0) 8 (5,1)

seen ⇤ 6 (2,1) 7 (1,1) 5 (2,0) 1 (0,1) 19 (5,3)

seen ⌃ 6 (1,1) 8 (0,4) 5 (1,1) 2 (1,0) 21 (3,6)

seen ⌅ 6 (0,0) 8 (0,0) 5 (0,0) 2 (0,0) 21 (0,0)

seen ⌦ 2 (0,0) 3 (0,0) 2 (0,0) 1 (0,0) 8 (0,0)

In the nucleon spectrum, thirteen states are expected
in the second excitation level. Nine states are established,
three states need further confirmation, one state is miss-
ing. The number of JP = 1/2+ states seems complete; yet
the state with highest mass, N(2100)1/2+, may already
belong to the fourth excitation shell. (It could be low in
mass like the Roper resonance in the second excitation
shell, see Ref. [10].) Then, one state would be missing.
For JP = 3/2+, one state is missing. Below we will dis-
cuss the reasons why we might expect not to observe the
two nucleon states (with JP = 1/2+ and 3/2+) in the
20-plet. In the � spectrum, one state with JP = 3/2+,
one with JP = 5/2+ are missing, one further states with
JP = 1/2+ is seen with little evidence only. The situa-
tion is much worse in for ⇤ and ⌃ hyperons: only 17 of
42 states are seen, only 8 of them are established. No ⌅
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determined to be consistent with a singlet but not with an
octet state. There was, however, a second solution with a
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solution was compatible with a second broader isoscalar
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tion, the ⇤(1405) changed its SU(3) structure from being
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ously, the ⇤(1405) SU(3) structure cannot be determined
in a model-independent way from existing K�p scattering
alone, even when the CLAS data on photo-induced data
on ⇤(1405) production are included in the analysis.

TheK�p threshold is at 1432MeV, considerably above
the nominal ⇤(1405) mass. At present, data on di↵erential
cross sections forK�p ! ⇤(1405) ! KN exist only above
1470MeV, those for K�p ! ⇤(1405) ! ⇡⌃ only above
1530MeV. It will be important to repeat the BnGa anal-
ysis with data on K�p scattering covering a mass range
starting from close to the threshold to about 1540MeV.

In the reaction K�p ! ⇡�⇡+ ⇡±⌃⌥ studied in [50],
the full ⇤(1405) line shape can be investigated. In this re-
action, the SU(3) assignment follows from the correlation
in the production and decay dynamics. The derivation re-
lies on approximate SU(6) symmetry in baryon decays.
We consider the two decay sequences

⌃+(1670)3/2� ! ⇡+⇤(1405); ⇤(1405) ! ⌃±⇡⌥ (4a)
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that are shown to contribute to this reaction [56].
The SU(6) amplitude for reaction (4a) depends on the
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SU(6) 70-plet, it is given by 2(↵� 1) with ↵ = 5/8, hence
negative. If it is a singlet, it is
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of the transition amplitudes for reactions (4a) and (4b)
are the same when ⇤(1405) is an octet, they are di↵erent
when ⇤(1405) is an octet.
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sentations:
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In total, there are 8 � and 8 ⌦ resonances expected in
the 2nd excitation shell, 13 nucleon resonances, 19 ⇤ reso-
nances, and 21 ⌃ and 21 ⌅ resonances. The Particle Data
Group classifies baryon resonances with a star rating; 3*
and 4* resonances are considered to be established, 1* and
2* resonances not. Table 7 gives the number of predicted
states and compares this number with the number of es-
tablished and the number of 1* or 2* states.

Table 7. Number of expected and observed resonances
that can be assigned to the 2nd excitation shell for JP =
1/2+, .., 7/2+. The first number gives the expected number
of resonances, followed by the number of observed resonances
with 3* and 4*, 1* and 2* (in parentheses).
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seen N 4 (4,0) 5 (3,1) 3 (1,2) 1 (1,0) 13 (9,3)

seen � 2 (1,1) 3 (2,0) 2 (1,0) 1 (1,0) 8 (5,1)

seen ⇤ 6 (2,1) 7 (1,1) 5 (2,0) 1 (0,1) 19 (5,3)

seen ⌃ 6 (1,1) 8 (0,4) 5 (1,1) 2 (1,0) 21 (3,6)

seen ⌅ 6 (0,0) 8 (0,0) 5 (0,0) 2 (0,0) 21 (0,0)

seen ⌦ 2 (0,0) 3 (0,0) 2 (0,0) 1 (0,0) 8 (0,0)

In the nucleon spectrum, thirteen states are expected
in the second excitation level. Nine states are established,
three states need further confirmation, one state is miss-
ing. The number of JP = 1/2+ states seems complete; yet
the state with highest mass, N(2100)1/2+, may already
belong to the fourth excitation shell. (It could be low in
mass like the Roper resonance in the second excitation
shell, see Ref. [10].) Then, one state would be missing.
For JP = 3/2+, one state is missing. Below we will dis-
cuss the reasons why we might expect not to observe the
two nucleon states (with JP = 1/2+ and 3/2+) in the
20-plet. In the � spectrum, one state with JP = 3/2+,
one with JP = 5/2+ are missing, one further states with
JP = 1/2+ is seen with little evidence only. The situa-
tion is much worse in for ⇤ and ⌃ hyperons: only 17 of
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nominal mass. The isovector interactions were described
by two resonances, one below, one above the considered
mass range (1300 - 1500MeV). The SU(3) structure was
determined to be consistent with a singlet but not with an
octet state. There was, however, a second solution with a
description of the data with similar quality. This second
solution was compatible with a second broader isoscalar
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ously, the ⇤(1405) SU(3) structure cannot be determined
in a model-independent way from existing K�p scattering
alone, even when the CLAS data on photo-induced data
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cross sections forK�p ! ⇤(1405) ! KN exist only above
1470MeV, those for K�p ! ⇤(1405) ! ⇡⌃ only above
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starting from close to the threshold to about 1540MeV.

In the reaction K�p ! ⇡�⇡+ ⇡±⌃⌥ studied in [50],
the full ⇤(1405) line shape can be investigated. In this re-
action, the SU(3) assignment follows from the correlation
in the production and decay dynamics. The derivation re-
lies on approximate SU(6) symmetry in baryon decays.
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and 4* resonances are considered to be established, 1* and
2* resonances not. Table 7 gives the number of predicted
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In the nucleon spectrum, thirteen states are expected
in the second excitation level. Nine states are established,
three states need further confirmation, one state is miss-
ing. The number of JP = 1/2+ states seems complete; yet
the state with highest mass, N(2100)1/2+, may already
belong to the fourth excitation shell. (It could be low in
mass like the Roper resonance in the second excitation
shell, see Ref. [10].) Then, one state would be missing.
For JP = 3/2+, one state is missing. Below we will dis-
cuss the reasons why we might expect not to observe the
two nucleon states (with JP = 1/2+ and 3/2+) in the
20-plet. In the � spectrum, one state with JP = 3/2+,
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In the reaction K�p ! ⇡�⇡+ ⇡±⌃⌥ studied in [50],
the full ⇤(1405) line shape can be investigated. In this re-
action, the SU(3) assignment follows from the correlation
in the production and decay dynamics. The derivation re-
lies on approximate SU(6) symmetry in baryon decays.
We consider the two decay sequences

⌃+(1670)3/2� ! ⇡+⇤(1405); ⇤(1405) ! ⌃±⇡⌥ (4a)

⌃+(1670)3/2� ! ⇡+⌃(1385); ⌃(1385) ! ⌃±⇡⌥ (4b)

that are shown to contribute to this reaction [56].
The SU(6) amplitude for reaction (4a) depends on the

SU(3) structure of ⇤(1405) and on the primary ⌃+(1670)
3/2� (see Table 6). The sign of this amplitude is given
by the product of the signs for ⌃+(1670)3/2� ! ⌃⇡ and
⇤+(1405)1/2� ! ⌃⇡. The ⌃+(1670)3/2� belongs domi-
nantly to a spin-1/2 SU(3) octet in the SU(6) 70-plet; ↵ =
5/8. The sign of the SU(6) amplitude for ⌃+(1670)3/2�

! ⌃⇡ is given by 2
p
2 · ↵, hence +1; the sign for the

⇤+(1405) ! ⌃⇡ transition depends on the SU(3) struc-
ture of ⇤+(1405): if it is an octet with spin-1/2 in the

SU(6) 70-plet, it is given by 2(↵� 1) with ↵ = 5/8, hence
negative. If it is a singlet, it is

p
6/4 and positive. The sign

of the transition amplitudes for reactions (4a) and (4b)
are the same when ⇤(1405) is an octet, they are di↵erent
when ⇤(1405) is an octet.

3 The positive-parity states in the second
excitation band

3.1 Missing resonances

The second excitation band contains a number of repre-
sentations:

(56, 0+0 ); (70, 0
+
2 ); (56, 0

+
2 ); (70, 0

+
2 ); (20, 1

+
2 ) . (5)

In total, there are 8 � and 8 ⌦ resonances expected in
the 2nd excitation shell, 13 nucleon resonances, 19 ⇤ reso-
nances, and 21 ⌃ and 21 ⌅ resonances. The Particle Data
Group classifies baryon resonances with a star rating; 3*
and 4* resonances are considered to be established, 1* and
2* resonances not. Table 7 gives the number of predicted
states and compares this number with the number of es-
tablished and the number of 1* or 2* states.

Table 7. Number of expected and observed resonances
that can be assigned to the 2nd excitation shell for JP =
1/2+, .., 7/2+. The first number gives the expected number
of resonances, followed by the number of observed resonances
with 3* and 4*, 1* and 2* (in parentheses).

1/2+ 3/2+ 5/2+ 7/2+ Sum

seen N 4 (4,0) 5 (3,1) 3 (1,2) 1 (1,0) 13 (9,3)

seen � 2 (1,1) 3 (2,0) 2 (1,0) 1 (1,0) 8 (5,1)

seen ⇤ 6 (2,1) 7 (1,1) 5 (2,0) 1 (0,1) 19 (5,3)

seen ⌃ 6 (1,1) 8 (0,4) 5 (1,1) 2 (1,0) 21 (3,6)

seen ⌅ 6 (0,0) 8 (0,0) 5 (0,0) 2 (0,0) 21 (0,0)

seen ⌦ 2 (0,0) 3 (0,0) 2 (0,0) 1 (0,0) 8 (0,0)

In the nucleon spectrum, thirteen states are expected
in the second excitation level. Nine states are established,
three states need further confirmation, one state is miss-
ing. The number of JP = 1/2+ states seems complete; yet
the state with highest mass, N(2100)1/2+, may already
belong to the fourth excitation shell. (It could be low in
mass like the Roper resonance in the second excitation
shell, see Ref. [10].) Then, one state would be missing.
For JP = 3/2+, one state is missing. Below we will dis-
cuss the reasons why we might expect not to observe the
two nucleon states (with JP = 1/2+ and 3/2+) in the
20-plet. In the � spectrum, one state with JP = 3/2+,
one with JP = 5/2+ are missing, one further states with
JP = 1/2+ is seen with little evidence only. The situa-
tion is much worse in for ⇤ and ⌃ hyperons: only 17 of
42 states are seen, only 8 of them are established. No ⌅
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⇤(1405) SU(3) structure: 1 8

⌃+(1670)3/2� ! ⇤(1405)⇡+ + +

,! ⌃±⇡⌥ + -

Sign of transition amplitude at pole: + -

⌃+(1670)3/2� ! ⌃0(1385)⇡+ + +

,! ⌃±⇡⌥ + +

Sign of transition amplitude at pole: + +
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determined to be consistent with a singlet but not with an
octet state. There was, however, a second solution with a
description of the data with similar quality. This second
solution was compatible with a second broader isoscalar
resonance with a fixed mass at 1380MeV. In this solu-
tion, the ⇤(1405) changed its SU(3) structure from being
dominant SU(3) singlet to dominant SU(3) octet. Obvi-
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with JP = 1/2+, 3/2+, 5/2+ decaying via cascades would
strengthen the conjecture.

In Ref. [10] the three states are predicted to have masses
of 2099MeV; 2176MeV; 2150MeV. We suggest to search
first for the member of the 20-plet with JP = 3/2+ in the
reaction

KL p ! ⇡+⇤20 , ⇤20 ! ⇤(1520)⌘ or ⇤(1670)⌘ . (13)

This is an S wave decay to an intermediate state with or-
bital angular momentum excitation. The first decay mode
has the disadvantage that ⇤(1520) is dominantly a SU(3)
singlet, ⌘ dominantly SU(3) octet but the mixing angles
deviate significantly from pure SU(3) eigenstates. The sec-
ond mode might be forbidden kinematically if the mass of
the expected resonance is low. With L = 2 between ⌘ and
exciated hyperon, also the states with JP = 1/2+ and
5/2+ could be observed. Note that ⇤ excitations with a
total quark spin S = 3/2 exist only in the SU(6) 20-plet.

3.4 Pentaquark search

The concept of a nucleon composed of three constituent
quarks is certainly oversimplified, and the hadronic prop-
erties of nucleons cannot be understood or, at least, are
not understood in terms of quarks and their interactions.
Skyrme studied the pion field and discovered that by adding
a non–linear “� term” to the pion field equation, stable
solutions can result [59]. These solutions have half inte-
ger spin and a winding number identified by Witten [60]
as the baryon number. These stable solutions of the pion
field equation are called soliton solutions.

The chiral soliton model predicts the existence of a
full antidecuplet of states [61,62] with quantum numbers
JP = 1/2+. The antidecuplet is shown in Fig. 3; the
states are called pentaquarks [63]. Note that the three cor-
ner states have quantum numbers which cannot be con-
structed out of three quarks. In the minimum quark model
configuration, the flavor wave function of the state with
positive strangeness is given by ⇥+ = uudds̄. The strange
quark fraction increases from 1 to 2 units in steps of 1/3
additional s quark. The masses of the pentaquark states
were predicted in Ref. [63]. The increase in mass per unit
of strangeness is is 540MeV, instead of the 120MeV that
are derived when the ⇢ or ! mass is compared to the K⇤

mass. The splitting is related to the so–called �⇡N term
in low–energy ⇡N scattering. Its precise value is di�cult
to determine and has undergone a major revision [64].

Pentaquarks were highly discussed when the so-called
⇥+ was observed in di↵erent experiments [65,66,67,68]. It
has positive strangeness S = +1, its flavor wave function
has a minimal quark content uudds̄. However, in a series
of precision experiments, the evidence for pentaquarks has
faded away (see, e.g., Ref. [69,70,71]) even though some
evidence remains that a narrow state with JP = 1/2+

at 1720MeV might exist [72,73,74]. High-precision exper-
iments are mandatory to settle this important issue. Par-
ticularly convincing would be, of course, the discovery or
confirmation of one o the states having quantum numbers
that are incompatible with a qqq interpretation.

Attractive and easily accessible is the ⇥+. It is best
searched for in the reaction

KLp ! K+n . (14)

The reaction does not receive contributions from ⌃ res-
onances, nor from Pomeron exchange nor from the ex-
change of f0/f2 mesons. In this paper, we concentrate on
inelastic scattering processes and do not expand on reac-
tion (14).

Particularly interesting is the search for a member of
the quartet of ⌅ pentaquarks. The minimal quark content
of the ⌅+(2070) is uussd̄. It can be produced in the KLp
induced reaction

KLp ! KS⌅
+(2070) (15)

At the first moment, the reaction looks like an elastic scat-
tering process. However, the reaction (15) is more compli-
cated. The minimal quark flow is depicted in Fig. 4. The
process can be described as formation of a ⌃+ state be-
longing to the antidecuplet.

Evidence for an isospin partner of ⌅+(2070) with S =
�2, Q = �2 was reported [75] studying proton proton
collisions at the CERN SPS. Its mass of (1862±2)MeV
was a bit low when compared to the prediction [63]. The
state was not confirmed in later experiments [69].

The ⌅+(2070) is best searched for in its decay into
⌅0⇡+, predicted with 30% branching ratio, followed by
the decay ⌅0 ! ⇤⇡0 (⇠ 100%). Thus the reaction

KLp ! KS⇡
+⇡0⇤ ⇤ ! p⇡�;KS ! ⇡+⇡� (16)

needs to be studied. The K0 mass and momentum can
be reconstructed from the ⇡+⇡� pair. With a known KL

momentum, the ⌅+(2070) mass and momentum can be
determined. Then, using the ⇡+ four-vector, the ⌅0 mass
and momentum can be deduced. The ⇤ mass and momen-
tum can be deduced from its decay particles; the crossing
of the ⌅0 and ⇤ trajectories defines the decay point of the
⌅0. The ⌅0 has a mean free path c⌧ = 8.71 cm. Thus, the
reaction chain will be reconstructed with very little back-
ground. An alternative attractive decay mode is given by
⌅(2070) ! K⇤+⌃0. The threshold for this decay mode is
2084MeV.

The non-strange and strange partners in the anti-decu-
plet su↵er from the di�culty that their identification as
members of the anti-decuplet is model-dependent. Evi-
dence for the possible existence of two narrow states at
1685 and 1720MeV has been reported [72,73,74]. The
peak at 1685MeV is discussed extensively in the litera-
ture, see, e.g.,Refs. [76,77,78,79,80,81,82]. It seems to be-
long to the JP = 1/2� partial wave and to be unrelated
to pentaquark spectroscopy. The structure at 1720MeV
certainly requires further investigations but we do not see
a particular advantage to use a KL beam.

There is a triplet of ⌃ states in the antidecuplet. It
is predicted to mix with its nns-partners. In Ref. [83] the
mass of the additional mainly-1̄0 state is calculated to
fall into the range 1795 < M1̄0 < 1830MeV; its main
decay modes with estimated branching ratios of nearly
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Exotic Pentaquark Simulation
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The figure from Geant4 simulation is for 55 days of running. 


In 100 days we expect ~4000 events in the peak with 


S/B= 5/1. Simulation is done for natural width of 0.5 MeV.
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Search for ⇥+
exotic pentaquark state

The search for exotic pentaquark states is a hot topic for many laboratories in the world.
The light pentaquark ⇥+ in the apex of the antidecuplet has attracted much attention because it
is predicted in the chiral quark soliton model [8] to have relatively low mass and quite narrow,
therefore, it is accessible at many existing facilities.

The problem of ⇥+ was put under the rug after the CLAS collaboration with high-statistics
measurements showed that previous claims were not justified and it does not appear, thus putting
the upper limit on its production. In the review article [9], it is shown that previous claims by
the CLAS Collaboration were not statistically significant and lack the necessary scrutiny to claim
observation of a new particle. It is obvious that in the production reactions, when there are different
combinatorial backgrounds, it is hard to perform a search without using any cut. However, using
cuts creates the suspicion that the particle may be observed as a result of these cuts. Therefore,
the most direct and unequivocal search can be performed only in formation reactions such as
 ! ? ! ⇥+( +=). In Ref. [10] such an attempt was made to see how many ⇥+ particles could be
observed if it existed with width as low as 0.5 MeV. It is shown in Fig. ref[theta] that in 100 days of
running KLF the expected number is about 10000 events on top of 2000 events in the background.
Further Monte Carlo studies have shown that this statistic will go down to the level of about 4000
events if one tries to suppress the background reaction = + ? ! c+==. Thus, the KLF experiment
will solve the problem of ⇥+ either by observing it or by dismissing and burying it under the stone
forever, having an extraordinary sensitivity of thousands of events if it does exist.
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Figure 8: Expected number of events in reaction  ! ? !  += as a function of , . The background for
 ! ? !  +# (solid green curve) was simulated based on the prediction of the model [? ]. The number of
events in the peak for 100 days of running (purple solid curve) is estimated to be about 10,000 events (see
text for details).
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Figure 8: Expected number of events in reaction  ! ? !  += as a function of , . f = 2 MeV The
background for  ! ? !  +# (solid green curve) was simulated based on the prediction of the model [?
]. The number of events in the peak for 100 days of running (purple solid curve) is estimated to be about
10,000 events (see text for details).
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Summary

• For the first time in the history of Particle Physics intensive
beam of neutral  ! will be used for the strange hadron spectroscopy.

• In hyperon spectroscopy all excited states of ⌃⇤’s and ⇤⇤’s
will be measured in the formation reactions.

• The ⌅⇤’s will be measured either as a decay product of ⌃⇤’s
in the formation reactions or via direct production mechanisms.

• The ⌦⇤ hyperons will be measured in the production reactions.

• In the strange meson sector it will allow to measure the mass
and the width of so-called ^ scalar mesons as well as of higher
 ⇤ states with unprecedented accuracy.

• The proposed measurements will shed a light on thermodynamic
properties of the Early Universe 1 `s after the Big Bang.

• In addition to regular 3-quark states, it will also provide
an unprecedented measurement of pentaquark states.

• The proposed experiment is crucial to answer the question of either
existence or non-exiatence of ⇥+ pentaquark.

�C =
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in the formation reactions or via direct production mechanisms.

• The ⌦⇤ hyperons will be measured in the production reactions.

• In the strange meson sector it will allow to measure the mass
and the width of so-called ^ scalar mesons as well as of higher
 ⇤ states with unprecedented accuracy.

• The proposed measurements will shed a light on thermodynamic
properties of the Early Universe 1 `s after the Big Bang.

• In addition to regular 3-quark states, it will also provide
an unprecedented measurement of pentaquark states.

• The proposed experiment is crucial to answer the question of either
existence or non-exiatence of ⇥+ pentaquark.
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Currently KLF Collaboration consists of 43 experimental  

groups with 145 members.
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Thank you!

Everyone is welcome to join!


