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Aims of               Project

• project has firmly to establish secondary KL beam line at                                 , 
with flux of three order of magnitude higher than   had, 
for scattering experiments on both proton & neutron (first time !) targets in order. 

• To determine differential cross sections & self-polarization of strange hyperons
with GlueX detector to enable precise PWA in order to determine all resonances
up to 2500 MeV in spectra of L*, S*, X*, & W*.

• In addition, we intend to do strange meson spectroscopy by studies of p-K interaction 
to locate the pole positions in I = 1/2 & 3/2 channels.

• has link to ion-ion high energy facilities as & & will allow
understand formation of our world in several microseconds after Big Bang.
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Four International Workshops Supported KLF Program
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Baryon Multiplets of Eight-fold Way

Spin 1/2 baryon octet: 𝑁∗, 𝚲∗, 𝚺∗, 𝚵∗

Spin 3/2 baryon decuplet: Δ∗, 𝚺∗, 𝚵∗, 𝛀∗

Resonance QM & LQCD Observed

N* 64 16

D* 22 10

L* 17 14

S* 43 10

X* 42 6

W* 24 2

• Seriousness of “missing-states” problem is obvious from these numbers.

• One needs to complete SU(3)F multiplets.
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A bit of History for Hyperons
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Phys Lett B 694, 123 (2010)

• First hyperon, L(1116)1/2+, was discovered
during study of cosmic-ray interactions.     .

• It led to discovery of strange quark.            .

• Pole position in complex energy plane for hyperons has began to be studied only recently,
first of all for L(1520)3/2-.                                                                                                                .
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What Can Be Learned with KL Beam ?

KLp→K
+S0

KLp→K
+S0*  

KLn→K
0S0 

KLn→K
0S0* 

KLn→p0L

KLn→p0S0  

KLp→p+L

KLp→p+S0 

KLp→KSp

KLp→K
+n

KLn→KSn

KLn→K
-p

KLp→p+K+S-

KLp→p+K+S-*  

KLn→p+K-S0

KLn→p+K-S0*  

KLp→K
+K+W-

KLp→K
+K+W-*  

KLn→K
+K0W-

KLn→K
+K0W-*  

Elastic & Charge-Exchange

Two-body with S = -1

Two-body with S = -2

Three-body with S = -2

Three-body with S = -3

Target→ Proton Neutron [first measurements]

• To search for ``missing” hyperons,
we need measurements of           .
production reactions:                     .
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• Isospin Amplitudes:

KLp→p+S0 & p0S+ 

• Two different solutions.
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Road Map to Hyperon Spectroscopy
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Facility Experiment

Data

Amplitudes

Resonances

PWA

• That is not hunting for bumps.



World K–long Data – Ground for Hyperon Phenomenology
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SAID: http://gwdac.phys.gwu.edu/W = 1.45 – 5.05 GeV

stot

UnPol Pol

• Limited number of KL

observables in hyperon   
spectroscopy at present  
poorly constrain  
phenomenological    
analyses.

• Overall systematics of 
previous experiments 
varies between 
15% & 35%.
Energy binning is much 
broader than hyperon
widths.

• There were 
no measurements using 
polarized target. 
It means that there are 
no double polarized 
observables which 
are critical for  
complete experiment
program.

• We are not aware of any 

data on neutron target.

• Limited number of KL induced measurements (1961 - 1982)
2426 dσ/dW, 348 σtot, & 115 P observables do not allow today 
to feel comfortable with Hyperon Spectroscopy results.

Igor Strakovsky    1111/16/2020



• Differential cross section & polarization for KLp scattering are given by
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PWA Formalism

& k is momentum of incoming kaon in CM.

f(W,q) & g(W,q) are non-spin-flip & spin-flip amplitudes at W & q.
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H. Zhang et al Phys Rev C 88, 035204 (2013)
H. Zhang et al Phys Rev C 88, 035205 (2013)

• PWA (         &         ) predictions 
at lower & higher energies 
have poorer agreement for 
S ≠ 0 data than for S = 0 data.

• Polarized measurements.
are tolerable for any PWA
solutions.                            .

Samples of PWA Results for Current DB
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Impact Proposed Data on PWA

20 days

100 days

• At least 100 days needed
to get precise solution.   .

?

R.G. Edwards et al, Phys Rev D 87, 054506 (2013)
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• At least 100 days needed
to get precise solution.   .

Systematics
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• c2 changes if resonance is out.

20 days

100 days
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Theory for “Neutron" Target Measurements

• There are 6 different models.
• Pole positions of L(1405) in chiral unitary approaches.
• Each symbol represents position of 

1st (black) & 2nd (red) pole in each model.

• PKL = 300 MeV/c
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Summary of Hyperon Spectroscopy
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• We showed that        sensitivity with 100 days
of running will allow to discovery many 
hyperons with good precision.

• Why should it be done with KL beam ?
This is only realizable way 
to observe s-channel 
resonances having all 
momenta of KL at once.

• Why should it be done at                                   ?
Because nowhere else in existing facilities
this can be done.

• Why should we care that there are dozens 
of missing states ?

…The new capabilities of the 12-GeV era facilitate a detailed study of baryons
containing two and three strange quarks. Knowledge of the spectrum of these
states will further enhance our understanding of the manifestation of QCD in
the three-quark arena. 2015 Long Range Plan for Nuclear Science

20 days

100 days
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Proposed Measurements

• • •

• • •
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•

•

•

•

•

•

•

Scalar Meson Nonet

• Four states called k.

•                : still need further confirmation.
•       allows determination of all four states.
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Inverted mass hierarchy tetraquarks Ordinary meson states 

R.J. Jaffe, Phys Rev D 15, 267 (1977)
arXiv: 0001123 [hep-ph]

Phenomenology of q2-bar-q2
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Summary of Kp Spectroscopy

•        will have very significant impact on
our knowledge on Kp scattering amplitudes.

• It will certainly improve still conflictive
determination of heavy K*’s parameters.

• It will help to settle tension between 
phenomenological determination of 
scattering lengths from data vs ChPT & LQCD.

• For K*(800), it will reduce: 
uncertainties in mass by factor of two &
uncertainty in width by factor of five.

• It will help to clarify debated of its existence, &,
therefore, long standing problem of existence
of scalar meson nonet.
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[Not dominant]

CP-violation (1964)
Hot topic!

50 μb/sr

IWHSS-2020, Trieste, Italy, November 202011/16/2020

A bit of History

Courtesy of Mike Albrow, KL2016
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The possibility that  
useful KL beam could be 
made at electron 
synchrotron by 
photoproduction was 
being considered,  & 
1965 prediction for 
by Drell & Jacob was 
optimistic.

A bit of History

is joint project of              & .
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A bit of History

Systematics of particle-anti-particle processes 
through intrinsic property of K-longs.

Study photoproduction as means of making clean 
K0 beams & their decays & later, interactions.

The possibility that  
useful KL beam could be 
made at electron 
synchrotron by 
photoproduction was 
being considered,  & 
1965 prediction for 
by Drell & Jacob was 

optimistic.
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in 2020

KL-beam
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Hall D Beam Line for KLF
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• Electrons (3.1 x 1013 e/sec) are hitting Cu-radiator @ CPS located in Tagger alcove.
• Photons  (4.7 x 1012 g/sec @ E > 1.5 GeV) are hitting Be-target located in collimator alcove.
• KLs            (1 x 104 KL/sec) are hitting LH2/LD2 target within GLueX setting.

Kaon Flux MonitorCompact Photon Source

No need in
tagging
photons

Kaon Production Target

e-beam

g-beam

Photon
Beam Dump

CPS KPT KFM

12 GeV 5 mA
Bunch spacing 64 ns

g-beam KL-beam

KL-beam

GlueX
Spectrometer

We will not use it

LH2/LD2-target
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Hall D/KLF
• Superior CEBAF electron beam will enable flux on order of 104 KL/sec,                      .

which exceeds flux of that previously attained @ SLAC by three orders of magnitude.
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Thus, it is possible to perform measurements of KLp scattering
at lower energies than K-p scattering due to high beam flux.

• Momentum measured with TOF between SC (surrounded LH2/LD2) & RF from CEBAF.

Expected Energy-Resolution

300 ps

150 ps

100 ps

50 ps

SC resolution

Typical hyperon width

150 ps & final state reconstruction 

• Mean lifetime of K- is 12.38 ns (ct =    3.7 m) whereas
mean lifetime of KL is 51.16 ns (ct = 15.3 m).               .
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Expected Particle Identification with GlueX

• dE/dx for pKS.
• Time difference at primary ``vertex”

for proton hypothesis for pKS using TOF.

• dE/dx for K+X0.
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• KL rate is 104 KL/sec = 2500 x                  .
• Uncertainties (statistics only) correspond to 100 days of running time for: 

Expected Cross Sections vs Bubble Chamber Data

• measurements will span cosq from -0.95 to 0.95 in CM above W = 1490 MeV.

BC Data

Expected 
Data

KLp→π+LKLp→KSp
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• There are no data on ``neutron" targets &, for this reason, it is hard to make 
realistic estimate of statistics for KLn reactions. 
If we assume similar statistics as on proton target, full program will be 
completed after running 100 days with LH2 & 100 days with LD2 targets.
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Time Request

• Expected statistics for differential cross sections of different reactions with LH2 & 
below W = 3.0 GeV for 100 days of beam time:

For ds/dW

For P, statistics is 0.2M

• Expected systematics is 10% or less.



.
IWHSS-2020, Trieste, Italy, November 202011/16/2020 Igor Strakovsky    36

KLF Collaboration Map

• 110 experimentalists &       .
• 42 theorists are co-authors.

E12-12-19-001
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• K-long Facility would advance Hyperon Spectroscopy & study of
strangeness in nuclear & hadronic physics.
It may extract very many missing strange states.
To complete SU(3)F multiplets, one needs no less than .

• Discovering of ``missing” hyperon states would assist in advance our understanding of
formation of baryons from quarks & gluons
microseconds after Big Bang.

11/16/2020 Igor Strakovsky    37

• Our goal is
• To establish KL Facility @                                     .
• To do measurements which bring new physics.

• In Strange Meson Spectroscopy PWA will allow to determine excited K* states 
including scalar K*(700) states. 

17 L*, 43 S*, 42 X*, & 24 W*
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History of the Universe

•  Omission of any
``missing hyperon states”
in Standard Model will  
negatively impact our   
understanding of 
QCD freeze-out in 
heavy-ion & hadron   
collisions, 
hadron spectroscopy, & 
thermodynamics of  
early Universe.

• For that reason,  
advancing our understanding 
of formation of baryons from 
quarks & gluons requires 
new experiments to   
search for any missing
hyperon resonances. 

JLab KLF 
&

J-PARC
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Thermodynamics @ Freeze-Out

• Recent studies that compare LQCD calculations of thermodynamic, statistical 
Hadron Resonance Gas models, & ratios between  measured yields of different 
hadron species in heavy ion collisions provide indirect evidence for presence 
of ”missing” resonances in all of these contexts. 

• Contribution from observed Resonances.

• + ``Missing” Hyperons (QM/LQCD calculations).

Courtesy of Claudia Ratti, YSTAR2016

Chemical Potential

• Hyperons                   .
• Non-strange Baryons
• Mesons                      .
• Nuclei                         .
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