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History of the Universe

•The 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 states or 
resonances. 

JLab KLF 
&

J-PARC
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Thermodynamics at 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 calculations).

Courtesy of Claudia Ratti, YSTAR2016

Chemical Potential



.
Exploring Hadrons with Electromagnetic Probes, JLab, VA, November 201710/26/2017 Igor Strakovsky    4

Courtesy of Reinhard Schumacher, KL2016

••Measurement may be feasible

Sample of Hunting for Bumps

*

•That is doable while 
PWA technology is much
more promising.
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Road Map to Baryon Spectroscopy
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Facility Experiment

Data

Amplitudes
Resonances

PWA



C. Patrignani et al, Chin Phys C 40, 090001 (2016)

Baryon Sector at PDG16 
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L

SDN
X
W

• PDG16 has 109 Baryon  
Resonances 
(58 of them are 4* & 3*).

• In case of SU(6) X O(3), 
434 states would be 
present if all revealed  
multiplets were fleshed 
out (three 70 & four 56). 

GW Contribution
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•Pole position in complex energy 
plane for hyperons has been   
made only recently, in 2010.

Y. Qung et al, Phys Lett B 694, 123 (2010)

•First hyperon
was discovered 
in 1947.
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Baryon Resonances

B.M.K. Nefkens, pN Newsletter, 14, 150 (1997)

•Three light quarks can be arranged in 6 baryonic families, N*, D*, L*, S*, X*, & W*.
• Number of members in family that can exist is not arbitrary. 
•If  SU(3)F symmetry of QCD is controlling, then:

Octet:         N*, L*, S*, X*
Decuplet:  D*, S*, X*, & W*

• Number of experimentally identified resonances of each baryon family in 
Summary Tables is 16 N*, 10 D*, 14 L*, 10 S*, 6 X*, & 2 W*.

• Constituent Quark models, for instance, predict existence of no less than 
64 N*, 22 D* states with mass < 3 GeV.  

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

• To complete SU(3)F multiplets, one needs no less than 17 L*, 43 S*, 42 X*, & 24 W*.

Igor Strakovsky    7

3/2+
1/2+
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Very Strange Resonances &

Problem of “Missing” States
•Experimental knowledge of hadron spectrum is incomplete:

more excited states are expected to exist.

Not yet at physical mp

R. Koniuk & N. Isgur, Phys Rev Lett 44, 845 (1980)

•W baryon spectrum in QM. •W baryon spectrum in LQCD.

R.G. Edwards et al Phys Rev D 87, 054506 (2013)U. Löring et al Eur Phys J  A 10, 447 (2001)

Low lying states

Thick frame: Hybrid states



.
Exploring Hadrons with Electromagnetic Probes, JLab, VA, November 201710/26/2017 Igor Strakovsky    9

What Can Be Learned with K0
L Beam ?
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Why We Have to Measure

Double-Strange Cascades in JLab
•Heavy quark symmetry (Isgur-Wise symmetry) suggests that 

multiplet splittings in strange, charm, & bottom hyperons
should scale as approximately inverses of corresponding quark 
masses:

•So far only hyperon resonance multiplet, where this 
scaling can be ``tested” & seen is lowest negative parity 
multiplet:

•If they don’t, that scaling failure implies that structures of  
corresponding states are anomalous, 
& very different from one another.

L(1405)1/2--L(1520)3/2-, Lc(2595)1/2--Lc(2625)3/2-, Lb(5912)1/2--Lb(5920)3/2-

•It works approximately (30%) well for those L-splittings. 
It would work even better for X, Xc, Xb splittings, 
& should be very good for W, Wc, Wb splittings.

• can do double cascade spectrum.

As is doing double charm cascade spectrum.

Courtesy of Dan-Olof Riska, 2017
R. Aaij et al, Phys Rev Lett 119, 112001 (2017)

1/ms : 1/mc : 1/mb

Xc(2790)1/2--Xc(2815)3/2-

N. Isgur & M.B. Wise, Phys Rev Lett 66 1130 (1991)



•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 nonspin-flip & spin-flip amplitudes at W & q.
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Partial-Wave Expansion

•In terms of partial waves, f(W,q) & g(W,q) can be expanded as 

l is initial orbital angular momentum.
Pl(cosq) is Legendre polynomial.
Pl’(cosq) is associated Legendre function.

Total angular momentum for Tl+ is J=l+1/2, while that for
Tl- is J=l-1/2.
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Isospin Amplitudes

•Ignoring small CP-violating terms (~10-3), we can write

We have both I = 0 & I = 1amplitudes for KN & KN scattering.

Amplitudes Tl+- can be expanded in isospin amplitudes as

TI
l+- are partial-wave amplitudes 

with isospin I & total angular momentum J = l+-1/2
CI are appropriate Clebsch-Gordon coefficients.
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R.L. Workman et al, Phys Rev C 87, 068201 (2013)

Evaluated at
Res Energy

Evaluated at
Pole

Photo-Decay Amplitudes in BW & 

Pole Forms
•Pole is main signature of resonance !

A. Svarc  et al, Phys Rev C 89, 065208 (2014)
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KN & KN Final States

•New               data with  
hadronic program via K- induced 
measurements (complimentary 
program) will greatly constrain 
PWAs & reduce model-dependent 
uncertainties in extraction of 
strange resonance properties.
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How to Search for “Missing“ Hyperons

•New data for inelastic KLp scattering would significantly improve our knowledge 
of S*, L*, & X* resonances.

•Very few polarization data are available for any KLp reactions but are needed 
to help remove ambiguities in PWAs.

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

•If such measurements can be performed with good energy & angular coverage with
good statistics.

•Then it is very likely that measurements with KL beam would find several ``missing” hyperons.

Double Strange Cascades



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  
theoretical 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    1710/26/2017
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Data for KLp KSp→

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

•No ds/dW data are available 
for KLp→KLp below W = 3 GeV.

H. Zhang et al Phys Rev C 88, 035204 (2013)
H. Zhang et al Phys Rev C 88, 035205 (2013)

R.L. Workman et al Phys. At. Nucl. 69, 90 (2006)
R.L. Workman et al Phys. Rev. C 70, 028201 (2004)
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Data for KLp p+L & K-p p0L→ →

•K-p→p0L & KLp→p+L

amplitudes imply that   
their observables 
measured at same energy 
should be identical 
except for small 
differences due to   
isospin-violating mass 
differences in hadrons.

•Polarized measurements 
are tolerable for any PWA
solutions.
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Data for KLp p+S0 & K-p pS→→

•Reactions KLp→p+S0 & KLp→p0S+

are Isospin selective 
(only I = 1 amplitudes are involved)  &
K-p→p0S0 isospin selective for I = 0 
whereas reactions K-p→p-S+ &

K-p→p+S- involve both 
I = 0 & I = 1 amplitudes. 

•New measurements with KL-beam
would lead to better understanding 
of S* states & help constrain
amplitudes for K-p→pS reactions.

•Quality of KLp data is comparable 
to that for K-p data.
It would be advantageous to 
combine KLp data in new 
coupled-channel PWA with available 
K-p measurements.

• lists only two results on  
BR to KS L(2100)7/2- (BR < 3%)  

S(2030)7/2+ (BR < 2%).
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[Not dominant]

CP-violation (1964)
Hot topic!

50 μb/sr

Exploring Hadrons with Electromagnetic Probes, JLab, VA, November 201710/26/2017

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 
SLAC by Drell & Jacob
was optimistic.

A bit of History

“We were at Manchester Univ. close
to Daresbury 5 GeV e-synchrotron.” CP-violation

Systematics of particle anti-particle processes 
through intrinsic property of K-longs.
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JLab PR12-17-001

•We plan to resubmit full Proposal for JLab PAC46 in 2018.

Hyperon  &
Strange Meson
Spectroscopy

•177 people from 
54 institutes 

are co-authors.
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Aims of Jlab KLF Project

• KLF project has 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  
detector to enable precise PWA in order to determine all resonances up to 3 GeV 
in spectra of L*, S*, X*, & W*.

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

• KLF 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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Hall D Beam Line Set up for K-longs

•Electrons are hitting W-radiator at CPS.
•Photons are hitting Be-target at cave.
•KLs are hitting the LH2/LD2 target within GLueX setting.

Ie = 5 mA
W-radiator = 0.1 R.L. 
Be-target    = 1.7 R.L.

Electron

beam

No need in 
tagging photons

LH2/LD2 -target

I

Flux Monitor
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Hall D/GlueX
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K-long & Neutron Rate on GlueX LH2/LD2-target

MC @ 12 GeV Data @ 16 GeV

A.D. Brody et al Phys Rev Lett 22, 966 (1969)

Flux ratio n/KL

•With proton beam, ratio n/KL = 103-104.

•Delivered with 64 ns bunch spacing avoids overlap    
in range of p = 0.35 - 10.0 GeV/c.
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• 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).

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 
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Expected Particle Identification

•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/s = 2500 x
•Uncertainties (statistics only) correspond to 100 days of running time for: 

Expected Cross Sections vs Bubble Chamber Data

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

BC Data

Expected 
GlueX Data

KLp→π+LKLp→KSp
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KLp→K+S0for Double Strange Hyperons

D.A. Sharov, V.L. Korotkikh, D.E. Lanskoy, Eur. Phys. J. A 47, 109 (2011)

•Total & diff Xsec for different topologies

•Recoil Polarization for  one-fold differential
two-fold differential

Expected data
Available data

𝑲𝒍𝒑 → 𝑲+𝚵𝟎 → 𝑲+𝚲𝝅𝟎 → 𝑲+𝒑𝝅−𝝅𝟎

(measured, reconstructed)

Reconstructed
K+

K+L

K+S0



.
Exploring Hadrons with Electromagnetic Probes, JLab, VA, November 201710/26/2017 Igor Strakovsky    33

•JPAC & GW groups 
will evaluate impact of 
new KLF measurements 
to compare available data 
w/o

quasi-data generated 
using                    & knowing 
detector properties.

Quasi-Data Impact

PAC45 Report:
The beam time request is dominated by the hyperon polarimetry measurements. 
A simulated example of a partial wave analysis, and how it would feed into the 
proposed spectroscopy measurements, will be needed in a future proposal.
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•Detailed study of Kp system is very important to extract so-called Kp vector & scalar 
form factors to be compared with t→Kpnt decay & can be used to constrain Vus

Cabibbo-Kobayashi-Maskawa (CKM) matrix element as well as to be used in testing 
CP violation from Dalitz plot analysis of open charm D meson decays & in charmless
decays of B mesons into Kpp final states.

Pion-Kaon Interaction
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K*(892)

LASS @ SLAC: D. Aston et al. Nucl Phys B 296, 493 (1988)
SLAC: P. Estabrooks et al. Nucl Phys B 133, 490 (1978)

•100 days of running period.
Statistical errors are increased 
by factor of 10 for better visibility.

•I = 1/2 Kp scattering P-wave phase-shift

Fit to t-decay from BELLE:
D.R. Boito, R. Escribano, M. Jamin, JHEP 1009, 031 (2010)

•Results coming from Roy-Steiner & data at higher energy not in agreement   
with low energy experimental data need improvement !

S. Descotes-Genon & B. Moussallam, Eur Phys J C 48, 553 (2006)

DIRC
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IV

Organizers:
Moskov Amaryan
Ulf-G. Meissner
Curtis Meyer
James Ritman
Igor Strakovsky

Pion-Kaon Interaction [PKI2018]

Workshop at JLab

February 14th through 16th , 2018

https://www.jlab.org/conferences/pki2018/

The p-K scattering enables direct investigations of scalar and vector K* states, 
including the not yet established S-wave k(800) state. These studies are also 
needed to get precise values of vector and scalar form factors: to independently 
extract CKM matrix element Vus and to test the Standard Model unitarity
relation in the first row of CKM matrix, to study CP violation from the Dalitz
plot analysis of open charm D meson decays and in a charmless decays of 
B mesons in Kpp final states. Significant progress is made lately in Lattice QCD, 
in the phenomenology and in the Chiral Perturbation Theory to describe 
different aspects of p-K scattering. The main source of experimental data is 
based on experiments performed in SLAC almost five decades ago at 1970-80s. 
The recently proposed KL Facility incorporating the GlueX spectrometer at JLab
will be able to improve the p-K scattering database by about three orders of 
magnitude in statistics. The workshop will discuss the necessity for and the 
impact of the future high statistics data obtained at JLab on p-K scattering.
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• JLab 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 17 L*, 43 S*, 42 X*, & 24 W*.

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

10/26/2017 Igor Strakovsky    37

•Full Proposal is coming for PAC46 in 2018, WELCOME to JOIN US.

•Here we reviewed what can be learned by studying KLp & KLn scattering leading to 
two-body final states (1st stage). 
At later stages, we plan to do KLN on aka FROST with hydrogen & deuterium.

Summary
•Our goal is 

• To establish KL Facility at JLab.
• To do measurements which bring new physics.
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Backup Slides



•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 = 3.5 GeV for 100 days of beam time.

For ds/dW

For P, statistics is 0.4M



Forum for MAX-IV Ring, Lund, Nov 2011
Exploring Hadrons with Electromagnetic Probes, JLab, VA, November 2017

A bit of Strange History
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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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•Greatest effect naturally requires 
measurement of all possible quantities 
as accomplished by FROST.

Transverse 
Polarization [H, P, T, F]

Longitudinal 
Polarization [G, E]

p+n E: S. Strauch et al, Phys Lett B 750, 53 (2015)
hp E: I. Senderovich et al, Phys Lett B 755, 64 (2016) 
wp E: Z. Akbar et al, arXiv:1708.02608 [nucl-ex]
More results are coming...

Average ratio of uncertainties of amplitudes    

w/o expected FROST data.

•Prove motivation of JLab Proposal E-03-105
Pion PhotoProduction from Polarized Target for FROST Project.

without

with

• The data generated by this work will fill 
# of gaps in existing database of 
single & double meson photoproduction.

Quasi-Data: What to Expect When you’re Expecting

R = u(AMC) / u(Aworld)
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Compact Photon Source

JLab CPS group is still working to make general design 

which will work for both Halls D & C.

PAC45 Report:
The CPS design is progressing but details 
on the KL target and shielding for the 
detector need to be fleshed out. 



•For neutron calculations, we use MCNP6 transport code.
.
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Expected Neutron Background 
•Most important & unpleasant background for KL comes from neutrons.

Top view

103 n/s/cm2 in front of LH2/LD2

99% of neutrons associated with T < 90 MeV 
while 0.6% of them are for T > 125 MeV. 

LH2/LD2

Be

Main source of neutrons

Exploring Hadrons with Electromagnetic Probes, JLab, VA, November 2017

2x108 electrons

N/(MeV s cm2)

CPS

Key Area for RadCon
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