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We express our interest in creating a secondary K0
L beam in Hall D to be used with the GlueX

experimental setup for spectroscopy of excited hyperons through formation as well as production
processes.

At first stage an electron beam from CEBAF, with a current in the range Ie = 3 � 5 µA, will
interact with a radiator to produce bremsstrahlung photon beam. The collimated photon beam,
impinging on secondary 1-2 radiation length Be target installed 85 m downstream the tagger radiator
will produce a flow of K0

L mesons, which then interacts with a physics target installed 16 m further
downstream. To stop the photon beam a thick lead absorber (l ⇡ 30 radiation lengths) will be
inserted into the beamline and will be followed by a sweeping magnet to deflect produced charged
particles flow. Our preliminary simulations show that neutron rate on physics target will be less than
the kaon rate for pKL > 2 GeV/c, this neutron rate will only be an order of magnitude larger than
the K-long rate for momenta in the range of 1 < P < 2GeV/c and increase at very low momenta,
which will be cut out with the time-of-flight. This is one of the great advantages of K0

L production
in electromagnetic interactions, as opposed to the case of primary proton beams, where the rate
of neutrons is about 103 times higher than that of K0

L [1], which creates a huge rate of neutron
initiated events.

We estimated the flux of K0
L beam on the GlueX physics target in the range of few times 103/sec

up to 104/sec, to be compared to about 102KL/sec used at SLAC in LASS experiment [2] and
almost comparable to charged kaon rates obtained at AGS [3] and elsewhere in the past. Momenta
of neutral kaons will be measured using time-of-flight technique. Our studies show �p/p ⇡ 0.5% of
K0

L momenta can be achieved.
These measurements will allow studies of very poorly known multiplets of ⇤, ⌃, ⌅, and ⌦ hyperons

with unprecedented statistical precision, and have a potential to observe dozens of predicted (but
heretofore unobserved) states and to establish the quantum numbers of already observed hyperons
listed in PDG [4].

The possibility to run with polarized target (e.g. FROST) , and measuring recoil polarization of
hyperons will open up a new avenue to the complete experiment.

⇤
Contact person, email:mamaryan@odu.edu.
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But there are many more states predicted, where are they?

Where are hybrids, glueballs, multiquark states ?

Constituent Quark Model

Did we already observe some of them?
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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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Lattice QCD calculations 
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Edwards, Mathur, Richards and Wallace	
Phys. Rev. D 87, 054506 (2013) 
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and Karl [3]. The 12 excited states were predicted up to 2 GeV/c2, whereas only ⌅(1820) is identified as JP = 3/2�

state with three stars.

FIG. 1. Black bars: Predicted ⌅ spectrum based on the quark model calculation [3]. Colored bars: Observed states. The two
ground states and ⌅(1820) are shown in the column of JP = 1/2+, 2/3�, respectively. Other unknown JP states are plotted in
the rightest column. The number represents the mass and the size of the box corresponds to the width of each state.

Recently it is pointed out that there are two distinct excitation modes when a baryon contains one heavy flavor
inside, and the separation of these two modes possibly good enough even at the strange quark mass [4]. Baryons
which contain single (Qqq) and double (QQq) strange and/or charm flavors might be understood as a “dual” system
based on the spatial parametrization concerning a diquark contribution of (qq) and (QQ). In this sense, it should be
noted that cascades and charmed baryons are expected to be closely related.

The ⌅⇤ states were intensively searched for mainly in bubble chamber experiments using the K�p reaction in ’60s �
’70s. The cross section was estimated to be an order of 1 � 10 µb at the beam momentum up to ⇠10 GeV/c. In ’80s
� ’90s, the mass or width of ground or some excited states were measured with a spectrometer in the CERN hyperon
beam experiment. There has been a few experiments to study cascade baryons with the missing mass technique. In
1983, the production of ⌅⇤ resonances up to 2.5 GeV/c2 were reported from the missing mass measurement of the
p(K�,K+) reaction, using multi-particle spectrometer at the Brookhaven National Laboratory [5]. Figure 2 shows
squared missing mass spectra of p(K�,K+) reaction. With ten times intense kaon beam combined with 5 � 10
times better resolution, each sates is expected to be clearly stated even without tagging any decay particles in the
p(K�,K+) reaction.

II. THE PHYSICS CASE

The physics case and experimental method are reviewed in the following.

Status of 

well known 

⌅⇤
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H. Takahashi / Nuclear Physics A 914 (2013) 553–558 555

Fig. 1. Low-lying Ω baryon spectrum predicted by the non-relativistic quark model (CIK) [3], the relativized quark
model (CI) [4], the Glozman–Riska model (GR) [5], the algebraic model (BIL) [6], the recent non-relativistic quark
model (PR) [7], the Skyrme model (Oh) [8], and large Nc analysis [9]. The experimental data were from the particle
listings by the Particle Data Group [2].

The spectroscopy of Ω∗ resonances to confirm known three states and to search for miss-
ing states can be performed in early stage of the S = −3 programs at J-PARC. The production
cross-sections of Ω(2250) and Ω(2470) are 0.63 µb [16] and 0.29 µb [17], respectively, for the
K− beam momentum of 11 GeV/c. If we use a liquid hydrogen target with the thickness of
1 g/cm2, and assume that the 11 GeV/c K− beam intensity is 1 × 105/spill and overall detec-
tion efficiency is 10%, the numbers of measured Ω(2250) and Ω(2470) are expected to be about
22/day and 10/day, respectively.

3. Beam lines

Since the threshold of the elementary process K−p → Ω−K+K0 is 3.1 GeV/c, charged
secondary beam with the higher momentum than that of existing K1.8 beam line is required to
carry out Ω− experiments.

The construction of a new primary proton beam line (Fig. 2) is now scheduled to be completed
in 2016. The beam line “high-p” is branched from the existing primary beam line at the middle of
the beam-switching yard between the Main Ring and the HD-hall. H. Noumi proposed to modify
it to a secondary beam line “π15” in the next a few years by replacing beam-splitting magnets
with a production target and by installing several additional beam-transport magnets [18]. The
π15 beam line is designed to provide high-resolution (dp/p ∼ 0.1%) beams with the momentum
up to 15 GeV/c. Secondary beams are generated by a production target with the thickness equiv-
alent to 15-kW beam loss and delivered to the HD-hall. The beams are dispersively focused just
after the entry to the hall, where their momenta are measured with some tracking devices, and
then transported and focused to a target in the experimental area. In order to achieve high reso-
lution, second-order aberrations are eliminated at the dispersive focus by using three sextupole

Status of 

only one well known state? 

⌦�⇤
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6/2/2016 Meson2016, Krakow, Poland, June, 2016 

Baryon Resonances 

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

x�Three light quarks can be arranged in 6 baryonic families, N*, '*, /*, 6*, ;*, & :*. 
x Number of members in a family that can exist is not arbitrary.  
x�If  SU(3)F symmetry of QCD is controlling, then: 

Octet:         N*, /*,�6*, ;* 
Decuplet:  '*, 6*, ;*, & :* 

x�Number of experimentally identified resonances of each baryon family in  
                 summary tables is 17 N*, 24 '*, 14 /
, 12 6*, 7 ;*, & 2 :*. 
x�Constituent Quark models, for instance, predict existence of no less than  
   64 N*, 22 '* states with mass < 3 GeV.   

x�Seriousness of “missing-states” problem is obvious from these numbers. 
 
x�To complete SU(3)F multiplets, one needs no less than 17�/*, 41 6*, 41 ;*, & 24 :*. 

Igor Strakovsky    4 
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How to make a kaon beam?
Thomas Jefferson National Accelerator Facility
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Hall D Beamline
Current setup
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K0L beams at JLab Workshop,  February 1-3,  2016                 Page 3 

Hall D Tagger Area 

• Design beam current limits: 5 PA (60 kW) max 
• Design radiator thickness: ~0.0005 Radiation Lengths max 
• Challenge: Increase radiator thickness to 0.05-0.10 R.L.?! 

Electron Beam 
12 GeV Photon Beam 

Tagger Magnet 

Entrance Ramp 

Permanent Magnet 

60 kW 
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K0L beams at JLab Workshop,  February 1-3,  2016                 Page 10 

Compact Photon Source Concept 
• Strong magnet after radiator deflects exiting electrons  
• Long-bore collimator lets photon beam through 
• Electron beam dump placed next to the collimator 
• Water-cooled Copper core for better heat dissipation 
• Hermetic shielding all around and close to the source 
• High Z and high density material for bulk shielding 
• Borated Poly outer layer for slowing, thermalizing, and 

absorbing fast neutrons still exiting the bulk shielding 
• No need in tagging photons, so the design could be 

compact, as opposed to the Tagger Magnet concept 
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K0L beams at JLab Workshop,  February 1-3,  2016                 Page 11 

CPS: PR12-15-003 Proposal at JLab 
Application example: CPS concept for new experiment in Hall A  
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K0L beams at JLab Workshop,  February 1-3,  2016                 Page 12 

Tungsten radiator 
Permanent magnet 

Beam diagnostics volume 
Dump entrance 

Beam dump 

Collimator 

Shielding: Copper-Tungsten bulk,  Borated Poly layer  

CPS at the Hall D Tagger Area 
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K0L beams at JLab Workshop,  February 1-3,  2016                 Page 14 
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Beam diagnostics volume 
Dump entrance Collimator 

Shielding: Copper-Tungsten bulk,  Borated Poly layer  
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K0L beams at JLab Workshop,  February 1-3,  2016                 Page 17 

Dose Rate Evaluation and Comparison 

• The dose rates in the Tagger vault for the CPS setup 
with 10% R.L. radiator are close to Standard XD ops  

• The radiation spectral composition is different; most of 
the contribution in the CPS setup is from higher energy 
neutrons 
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K0L beams at JLab Workshop,  February 1-3,  2016                 Page 18 

Dose Rate Evaluation and Comparison 
• The plots show comparison of dose rate estimates in 

the Tagger Area in two conditions: (1) nominal Hall 
D operation with the standard amorphous radiator at 
0.0005 R.L., - with (2) radiator at 0.1 R.L., used as 
part of the Compact Photon Source setup.  

• The comparison indicates that at equal beam 
currents, gamma radiation dose rates are much 
smaller for the CPS run (~order of magnitude), and 
neutron dose rates in the area are comparable. 

• Design and shielding optimization may improve the 
comparison further in favor of the CPS solution 

https://www.jlab.org/conferences/HIPS2017/

„New Opportunities with High-Intensity Photon Sources“ February 6-7, 2017 at CUA 

More discussions on CPS at the Workshop

https://www.jlab.org/conferences/HIPS2017/
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K0L beam (continued)

-Momentum measured with TOF

-K0L flux mesured with pair spectrometer

-Electron beam with Ie = 5µA

-Delivered with 64 ns bunch spacing avoids  
overlap in the range of P=0.3-10.0 GeV/c  

-Side remark: Physics case with polarized  
          targets is under study and feasible  
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Rate of neutrons and K0L on GlueX target

• With a proton beam ratio n/KL = 103-104

VOLUME 22, NUMBER 18 PHYSICAL REVIEW LETTERS 5 Mxv 1969
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FIG. 2, Comparison of the neutron and K2 fluxes at
the hydrogen bubble chamber for 2' production with 16-
GeV electrons.

sponding K, spectrum at the chamber. " The
relative normalization of the E2 and neutron dis-
tributions is accurate to within 40%. As seen in
Fig. 2, the neutron momentum spectrum at the
chamber peaks below 1.0 GeV/c and the neutron-
to-K, ' ratio decreases by an order of magnitude
over the neutral-beam momentum range from 2
to 5 GeV/c.
We wish to thank A. Kilert, W. Walsh, R. Fri-

day, D. Mcshurley, and A. Baumgarten for help
in design and construction of the neutral beam,
R. Watt and the bubble chamber staff, and our
scanning and measuring staff. We are grateful
for several discussions with Y. S. Tsai.
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III.3. EXPERIMENTS 53

Table III-2: Comparison of the KL production yield. The BNL AGS kaon and neutron yields are
taken from RSVP reviews in 2004 and 2005. The Project X yields are for a thick target, fully
simulated with LAQGSM/MARS15 into the KOPIO beam solid angle and momentum acceptance.

Beam energy Target (lI) p(K) (MeV/c) KL/s into 500 µsr KL : n (En > 10 MeV)

BNL AGS 24 GeV 1.1 Pt 300-1200 60⇥106 ⇠1 : 1000
Project X 3 GeV 1.0 C 300-1200 450⇥106 ⇠1 : 2700

quality data sets from the COSY/ANKE experiment [77]. One such benchmark, shown in Fig. III-
8, is an absolute prediction of forward K+ production yield on carbon and is in excellent agreement
with COSY/ANKE data. The estimated (LAQGSM/MARS15) kaon yield at constant beam power
(yield/Tp) is shown in Fig. III-9. The yield on carbon saturates at about 5 GeV, and the Tp = 3.0 GeV
yield is about a factor of about two times less than the peak yield in the experimentally optimal an-
gular region of 17–23 degrees which mitigates the high forward flux of pions and neutrons. The 3.0
GeV operational point is a trade-off of yield with accelerator cost. The enormous beam power of
Project X more than compensates for operation at an unsaturated yield point.

The comparative KL production yields from thick targets fully simulated with LAQGSM/MARS15
are shown in Table III-2.

The AGS KL yield per proton is 20 times the Project X yield; however, Project X compensates
with a 0.5 mA proton flux that is 150 times the RSVP goal of 1014 protons every 5 seconds. Hence
the neutral kaon flux would be eight times the AGS flux goal into the same beam acceptance. The
nominal five-year Project X run is 2.5 times the duration of the KOPIO AGS initiative and hence
the reach of a Project X K0

L ! p

0
nn̄ experiment could be 20 times the reach of the RSVP goals.

Figure III-7: Illustration of the KOPIO concept for Project X. Precision measurement of the photon
arrival time through time-of-flight techniques is critical. Good measurement of the photon energies
and space angles in a high rate environment is also critical to controlling backgrounds.

Project X Physics

• ProjectX (Fermi Lab) arXiv:1306.5009

KL beam can be used to study rare decays 
However it will be impossible to use it for hyperon spectroscopy 

because of momentum range and  n/K Ratio
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K0L beam

• Electron beam 

• Radiator (rad. length) 

• Be target (R=3cm) 

• LH2 target(L=30cm) 

• Distance Be-LH2 

• KL Rate/sec

Ee = 12GeV ; Ie = 5µA

10%

L = 40cm

104~

R = 3cm

16m
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I. Larin, KL2016 Workshop at Jefferson Lab 

4 

Pb Be 

L  40cm 

L 15cm 

sweeping 
magnet 

collimators 

spectrometer Hall D 

Collimator area 

Wall 

Liquid hydrogen target 

16…20m to target 
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Neutron	Background
Neutron	calcula,ons	for	the	KLF	Project	using	MCMP6	
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Results:	

Tally	#1:	3200	n/(s	cm2)			
Tally	#2:					40		n/(s	cm2)	  
Tally	#3:			140		n/(s	cm2)			
Tally	#4:								3		n/(s	cm2)	!

• Conclusion: Neutron Flux in Hall D is tolerable

Neutron Flux
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K1.8

K1.8BR

K1.1

High-p

40 kW

under 
construction

under 
construction

unseparated beam 

⇡±,K±, p, p̄

⇡±,K±, p, p̄

⇡±,K±, p, p̄

(5⇥ 105 K�/5.52s)

(1.5⇥ 105 K�/5.52s)

(1.5⇥ 105 K�/5.52s)

(> 107 ⇡�/5.52s)

1011p/5.52s@30GeV
1011p/5.52s@30GeV

J-PARC 
Japan Proton Accelerator Research Complex 

K1.8BR

K1.8

High-p

K1.1

K1.1 & High-p beam lines 
are under construction

Two beam lines are  
under operation

Talk by Onishi at KL2016

Other Facilities



W Resolution
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Very Limited World Data  with KL beam 

blue points: d�/d⌦ red points: Polarization
 Compilation by I. Strakovsky)

�t

(Mainly low stat. bubble chamber data.

we are not aware of any data on Neutron target
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(D 2
O
CL I-0
C3

o&0

r r i t
/

v ~ s &
~

~ v, I
~

~ ~ I s function of incident K momentum (P~, b), and
that its decay modes are consistent at a variety
of P~, b values. An empirical relationship for the
variation of two-body production in the reaction
K P-"*K' js

. (b)
o 60-
tD
C3

I ' ' ' ' I

l952 Events
1 KA

't/

80-(
)

N
~~ 60-0

o 40-
L
OJ
CL

thc 20-
0)
LLJ

l255 Events
KB

2 4 6
(Missing Mass) (GeV/c~)

FIG. 3. Missing mass squared {X)for K +p K+
+X. (a) Acceptance. (b) Kz, cross hatched areas
are events with detected A-p~. (c) Kz. Smooth
curves in (b) and (c) are fits to background plus reso-
nances.

v =AP), b "
with & -3.o to 3.5.' A source of data for such re-
actions comes from the CERN 4.2-GeV/c bubble-
chamber experiment. "Table l also lists the
computed cross sections using & =3.5 and shows
that there is good agreement with our measure-
ment for all the well-established = states.
Many experiments have observed the four well

established states =(1317), (1530), +1820), and
-"(2030).' The downstream MPS detectors enabled
the detection of A's associated with some of the
events, and helped in verifying that the bumps
indeed behave like particles. The =(1317),
:-(1530), and (1820) have &'s in over 95Vo of
their decays. A selection is indicated in the
shaded region of Fig. 3(b), and in fact, about 50'%%uo

of the events in these three peaks have a detect-
ed A, consistent with the observation probability
of the A.
=(2030) is not observed in the cross-hatched

area in Fig. 3(b), as expected, because it decays
predominantly to &K where only 20'fo have a de-
tected A. The difference in cross section for the
:-(2030) between K~ and Ks is attributed to statis-
tical fluctuations. No ~ selection is presented

TABLE I. Reported = states are listed in column 1. The PDG (Particle Data Group) status (Ref. 3) is listed in
column 2 (4 means well established, 1 means weakly established). FWHM are the detector resolutions. The cross-
section errors are statistical first and systematic second. An extrapolation of the K p K+ - * cross sections
from the 4.2-GeV/c experiment is in column 9 (0«&zpp) The last column has the weighted average cross sections
for (1820) and - (2030) and the best value from either detector for the other states—errors are statistical only.
The upper-limit cr 's are 95% confidence level.

Mass FTHM
State PGD (MeV) (MeV)

Mass
(MeV)

KB
FWHM
(Mev) ( p, b)

+extra p
(pb)

K~ and/or K~
CT Mass

(p, b) (MeV)

=(1320)
=-(1530)
- (1630)
=(1680)
=(1820)
- (1940)
"„-(2030)
„--(2120)
=(2250)
=(2370)
=(2500)

2218+ 6

4 1320+ 6
4 1541+12
2
2
3 1823+ 6
2
3 2022+ 9
1
1
2
2

158
106

49

7.2+ 0.6+ 0.6
2.8+ 0.6+ 0.2

& 1.Q
3.4+ 0.6+ 0.3

& 1.3
1.1+0.6+ 0.1

& 1.1
2.0+ 1.0+ 0.2 2197~ 12

2356 + 10
2505+ 10

32
36
36

1813+ 15 92

2022 + 12 63

2.7 +
& 0.8
2.1+

& 1.4
1.0+
0.9+
1.0+

7.4
2.7

0.7+ 0.2 3.0

0.5 + 0.2 1.5

0.3+ 0.1
0.3+ 0.1
0.5+ 0.1

7.2 + 0.6 1320+ 6
2.8 + 0.6 1541+ 12

& 1.Q
3.1+0.5 1822 + 6

& 0.8
1.7+ 0.4 2022+ 7

& 1.1
1.0+ 0.3 2214 + 5
0.9+ 0.3 2356+ 10
1.0+ 0.5 2505+ 10

953

Status of ⌅⇤

Very poorly  
measured at  
AGS (BNL) 
32 years ago

	 .	 C.M. Jenkins et al., Phys. Rev. Lett. 51, 951 (1983) 	      
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J . K .  Hassa l l  e t  al.  / S = - 2 a n d  - 3 baryon  s ta tes  405 

2OO 
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o z lOO 
i . -  
c ~  90 
w ffl 

, 80 
~ 70 
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2O 
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0 

THRESHOLD 
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THIS EXPERIMENT 

i 
4 5 

B E A M  

I I I I I I [ I I 
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MOMENTUM (GeV/c) 

15 

Fig. 4. Cross section for K p ~ "---X as a function of K momentum. 

64.2% chance  of the A decay ing  by  a charged  mode  the correc ted  number  of  .E 
events is 1907.1. These  occurred  on a sample  of  f i lm cor respond ing  to 11.9 ev//~b,  so 
the E -  cross sect ion is 

o ( K - p  ~ E - X )  = 160 ± 8 # b .  

The error  quoted  is pure ly  statist ical .  
The total  "" -  p roduc t ion  cross sect ion is c o m p a r e d  with those de t e rmined  in 

previous  exper iments  in fig. 4. The  da ta  have been taken f rom ref. [12]. The 
agreement  with o ther  exper iments  is good. 

3.2. CROSS SECTIONS OF SOME EXCLUSIVE CHANNELS 

This sect ion presen ts  cross sect ions for cer tain of  the exclusive channels  that  occur  
in the exper iment .  The  cross sect ions have been correc ted  for scanning  and  measur -  

J .  K .  Hassa l l  et  al. / S = - 2 a n d  - 3 baryon  s tates  

TABLE 2 
Inclusive ~2 cross sections 

417 

Beam energy o(K p ~ ~2 X) 

4.2 0.5 -+0.1 /~b 
4.9 0.9 ÷ 0.7/Lb 
5.5 a) 1.35 ÷ 0.75 ktb 
6.0 1.3 ± 0.7 yb 
6.5 (this experiment) 1.4 + 0.6/zb 

10.0 b) 4.2 -+ 1.2 p~b 
14.3 c) 3.3 + 1.4/~b 

a)Multiply quoted figure of 0.9 ± 0.5 ~b for ~ ~ AK by 3 
b)Multiply quoted figure of 2.5 ± 0.7/Lb for ~2 ~ AK by 23 and by 1.t to correct for scanning loss. 

10 C)Multiply quoted figure of 2.4 ± 1.0/zb by t~ to find cross section for ~2 ~ AK and by 3 to find 
total cross section. 

10 

-1 
z 1.C o i-- ,,o, 
i f )  

o 

(.9 

0.1 O 

THRESHOL~ 
I l l  
2 4 

THIS EXPERIMENT ~ . ~ ~  

I I I I 
8 10  12 1/., 

½- BEAM MOMENTUM (GeVlc) 

Fig. 13. Cross section for K p ~ f~ X as a function of K momentum. The curve is a fit by eye to the 
data. 

K�p ! ⌅�X K�p ! ⌦�X

Cross Sections 

J.K. Hassal et al., NPB 189 (1981)
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Expected rates

Production J-PARC* Jlab (this proposal)

flux/s 3⇥ 104K�

⌅⇤
/month

⌦�⇤
/month

3⇥ 105

600 4000

104K0
L

2⇥ 105

* H.~Takahashi, NP A 914, 553 (2013) 
M.~Naruki and K.~Shirotori, LOI-2014-JPARC
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List of reactions: 

Elastic and charge-exchange

Two-body with S=-1

Two-body with S=-2

Three-body with S=-2

Three-body with S=-3

K0
Lp ! K0

Sp
K0

Lp ! K+n

K0
Lp ! ⇡+⇤

K0
Lp ! ⇡+⌃0

K0
Lp ! K+⌅0

K0
Lp ! ⇡+K+⌅�

K0
Lp ! K+⌅0⇤

K0
Lp ! ⇡+K+⌅�⇤

K0
Lp ! K+K+⌦�

K0
Lp ! K+K+⌦�⇤

What can be learned with a K0L beam ?
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. 
KEK-HN-2017, Tsukuba, Japan, January 2017 11/12/2016 Igor Strakovsky    24 

x�KL rate is 105 KL/s. 
x�Uncertainties correspond to 100 days of running time. 
x�Cross section uncertainty estimates (statistics only) for  

Expected Cross Sections vs Bubble Chamber Data  

Courtesy of Simon Taylor, KL2016 
                     Mark Manley, KL2016 

x�GlueX measurements will span cosT from��0.95 to 0.95 in c.m. above W = 1490 MeV. 

BC Data 

Expected  
GlueX Data 

KLp→π+/ KLp→KSp 

arXiv: 1604.02141More details in KL2016 Workshop Proceedings



34

9

1.8 2.0 2.2 2.4 2.6 2.8 3.0

W (GeV)

0

50

100

150

200

250

σ
 (µ

b)

K −+ p → K ++Ξ  −

(a)

1.8 2.0 2.2 2.4 2.6 2.8 3.0

W (GeV)

0

20

40

60

80

100

120

140

σ
 (µ

b)

K −+ p → K 0
+ Ξ

 0

(b)

FIG. 4. (Color online) Total cross section results with individual resonances switched off (a) for K− + p → K+ + Ξ− and (b)
for K− + p → K0 + Ξ0. The blue lines represent the full result shown in Figs. 2 and 3. The red dashed lines, which almost
coincide with the blue lines represent the result with Λ(1890) switched off. The green dash-dotted lines represent the result
with Σ(2030) switched off and the magenta dash-dash-dotted lines represent the result with Σ(2250)5/2− switched off.
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FIG. 5. (Color online) Kaon angular distributions in the center-of-mass frame (a) for K− + p → K+ + Ξ− and (b) for
K− + p → K0 + Ξ0. The blue lines represent the full model results. The red dashed lines show the combined Λ hyperons
contribution. The magenta dash-dotted lines show the combined Σ hyperons contribution. The green dash-dash-dotted line
corresponds to the contact term. The numbers in the upper right corners correspond to the centroid total energy of the system
W . Note the different scales used. The experimental data (black circles) are the digitized version as quoted in Ref. [50] from the
original work of Refs. [31–34, 36, 37] for the K− +p → K++Ξ− reaction and of Ref. [30, 36, 37, 40] for the K− +p → K0+Ξ0

reaction.

p → K+ + Ξ− and K− + p → K0 + Ξ0 are shown in
Figs. 5(a) and 5(b), respectively, in the energy domain up
to W = 2.8 GeV for the former and up to W = 2.5 GeV
for the latter reaction. Overall, the model reproduces
the data quite well. There seem to be some discrepancies
for energies W = 2.33 to 2.48 GeV in the charged Ξ−

production. Our model underpredicts the yield around
cos θ = 0. As in the total cross sections, the data for the
neutral Ξ0 production are fewer and less accurate than

for the charged Ξ− production. In particular, the Ξ0

production data at W = 2.15 GeV seems incompatible
with those at nearby lower energies and that the present
model is unable to reproduce the observed shape at back-
ward angles. It is clear from Figs. 5(a) and 5(b) that the
charged channel shows a backward peaked angular dis-
tributions, while the neutral channel shows enhancement
for both backward and forward scattering angles (more
symmetric around cos θ = 0) for all but perhaps the high-
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for K− + p → K0 + Ξ0. The blue lines represent the full result shown in Figs. 2 and 3. The red dashed lines, which almost
coincide with the blue lines represent the result with Λ(1890) switched off. The green dash-dotted lines represent the result
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K− + p → K0 + Ξ0. The blue lines represent the full model results. The red dashed lines show the combined Λ hyperons
contribution. The magenta dash-dotted lines show the combined Σ hyperons contribution. The green dash-dash-dotted line
corresponds to the contact term. The numbers in the upper right corners correspond to the centroid total energy of the system
W . Note the different scales used. The experimental data (black circles) are the digitized version as quoted in Ref. [50] from the
original work of Refs. [31–34, 36, 37] for the K− +p → K++Ξ− reaction and of Ref. [30, 36, 37, 40] for the K− +p → K0+Ξ0

reaction.

p → K+ + Ξ− and K− + p → K0 + Ξ0 are shown in
Figs. 5(a) and 5(b), respectively, in the energy domain up
to W = 2.8 GeV for the former and up to W = 2.5 GeV
for the latter reaction. Overall, the model reproduces
the data quite well. There seem to be some discrepancies
for energies W = 2.33 to 2.48 GeV in the charged Ξ−

production. Our model underpredicts the yield around
cos θ = 0. As in the total cross sections, the data for the
neutral Ξ0 production are fewer and less accurate than

for the charged Ξ− production. In particular, the Ξ0

production data at W = 2.15 GeV seems incompatible
with those at nearby lower energies and that the present
model is unable to reproduce the observed shape at back-
ward angles. It is clear from Figs. 5(a) and 5(b) that the
charged channel shows a backward peaked angular dis-
tributions, while the neutral channel shows enhancement
for both backward and forward scattering angles (more
symmetric around cos θ = 0) for all but perhaps the high-

Cascade production on proton with K beam 

Estimated measurement 
for 10 days exposition 

Existing measurements in 
charged channels 

World Data on 

Simulated with GlueX 
104 KL/sec, one day of running

Jackson, Oh, Haberzettl, Nakayama 
 Phys. Rev. C 91, 065208 (2015)

⌅
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Evolution of an Early Universe at Freeze-out

 0.1
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(µ

S/
µ

B)
LO

T [MeV]

 PDG2012
 QM

 Lattice

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

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

4 /χ
S
2 and χus

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

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

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

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

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

+ P1|1| cosh(µ̂B − µ̂S)

+ P1|2| cosh(µ̂B − 2µ̂S)

+ P1|3| cosh(µ̂B − 3µ̂S) , (5)

where µ̂i = µi/T , and the indexes are PB|S|.
Our results are shown in Fig. 3. The first five panels show the contributions of strange
mesons, non-strange baryons and baryons with |S| = 1, 2, 3 respectively. All lattice results
are continuum-extrapolated, with the exception of the strange mesons, for which the finite-
Nt lattice data do not scale. The last panel shows the relative contribution of the single

102

JLab	
K-long	&	
J-PARC	

missing states

Chemical potential 

YSTAR2016 Proceedings arXiv:
1701.07346

YSTAR2016 Proceedings arXiv:
1701.07346
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Figure 3: Partial pressures for the different hadronic families as functions of the temperature. The
upper panels show the contributions due to strange mesons (left), non-strange baryons (center) and
baryons with |S| = 1 (right). The lower panels show the contributions due to |S| = 2 baryons
(left), |S| = 3 baryons (center) and the relative contributions of the single families with respect
to the total (right). In the first five panels, the points are the lattice results, while the curves are
PDG2016 (solid black), PDG2016+ (with inclusion of one star states, red dotted), PDG2016+ and
additional states from the hQM (blue, dashed) [33–37]. In the lower center panel, the dark red
short-dashed curve corresponds to the PDG2016+ with inclusion of the Ω resonances predicted by
the QM [28,29].

hQM pushes the agreement with the lattice to higher temperature for most observables.

104

Partial pressure P/T4

YSTAR2016 Proceedings arXiv:1701.07346

s-mesons N*’s and 
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1.1 Why Kπ scattering is important?!
!
• Hadron spectroscopy: determine resonances and their nature!
– P-wave: K*(892), K*(1410), K*(1680), …!
– S-wave: “κ(~800)”, …!
– Exotics,…!
!
• ππ and Kπ building blocks for hadronic physics:!
- Test of Chiral Dynamics!
- Extraction of fundamental parameters of the Standard Model!
- Look for physics beyond the Standard Model: High precision at low!
energy as a key to new physics?!
!
Very important when Final State Interactions at play!

Emilie Passemar, KL2016 Workshop
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3.2  K*(892) mass and width 

22 Emilie Passemar 

Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C, 38, 090001 (2014) and 2015 update

K ∗(892) I (JP ) = 1
2 (1−)

K∗(892) MASSK∗(892) MASSK∗(892) MASSK∗(892) MASS

CHARGED ONLY, HADROPRODUCEDCHARGED ONLY, HADROPRODUCEDCHARGED ONLY, HADROPRODUCEDCHARGED ONLY, HADROPRODUCED
VALUE (MeV) EVTS DOCUMENT ID TECN CHG COMMENT

891.66±0.26 OUR AVERAGE891.66±0.26 OUR AVERAGE891.66±0.26 OUR AVERAGE891.66±0.26 OUR AVERAGE

892.6 ±0.5 5840 BAUBILLIER 84B HBC − 8.25 K− p → K0π−p

888 ±3 NAPIER 84 SPEC + 200 π− p → 2K0
S

X

891 ±1 NAPIER 84 SPEC − 200 π− p → 2K0
S

X

891.7 ±2.1 3700 BARTH 83 HBC + 70 K+ p → K0π+X

891 ±1 4100 TOAFF 81 HBC − 6.5 K− p → K0π− p

892.8 ±1.6 AJINENKO 80 HBC + 32 K+ p → K0π+X

890.7 ±0.9 1800 AGUILAR-... 78B HBC ± 0.76 pp → K∓K0
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886.6 ±2.4 1225 BALAND 78 HBC ± 12 pp → (K π)± X
891.7 ±0.6 6706 COOPER 78 HBC ± 0.76 pp → (K π)± X

891.9 ±0.7 9000 1 PALER 75 HBC − 14.3 K− p → (K π)−
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• • • We do not use the following data for averages, fits, limits, etc. • • •
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890.0 ±2.3 800 2,3 CLELAND 82 SPEC + 30 K+ p → K0
S

π+p
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895.3 ±0.2 8,10 JAMIN 08 RVUE τ− → K0
S

π− ντ
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NEUTRAL ONLYNEUTRAL ONLYNEUTRAL ONLYNEUTRAL ONLY
VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT

895.81±0.19 OUR AVERAGE895.81±0.19 OUR AVERAGE895.81±0.19 OUR AVERAGE895.81±0.19 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram below.

895.4 ±0.2 ±0.2 243k 13 DEL-AMO-SA...11I BABR D+ → K−π+ e+ νe
895.7 ±0.2 ±0.3 141k 14 BONVICINI 08A CLEO D+ → K−π+π+

895.41±0.32+0.35
−0.43 18k 15 LINK 05I FOCS D+ → K−π+µ+ νµ

896 ±2 BARBERIS 98E OMEG 450 pp → pf ps K∗K∗

895.9 ±0.5 ±0.2 ASTON 88 LASS 11 K− p → K−π+ n

894.52±0.63 25k 1 ATKINSON 86 OMEG 20–70 γp

894.63±0.76 20k 1 ATKINSON 86 OMEG 20–70 γp

897 ±1 28k EVANGELIS... 80 OMEG 10 π− p → K+π− (Λ ,Σ)

898.4 ±1.4 1180 AGUILAR-... 78B HBC 0.76 pp → K∓K0
S

π±

894.9 ±1.6 WICKLUND 78 ASPK 3,4,6 K±N → (K π)0N

897.6 ±0.9 BOWLER 77 DBC 5.4 K+ d → K+ π− pp

895.5 ±1.0 3600 MCCUBBIN 75 HBC 3.6 K− p → K−π+n

897.1 ±0.7 22k 1 PALER 75 HBC 14.3 K− p → (K π)0 X

896.0 ±0.6 10k FOX 74 RVUE 2 K− p → K−π+ n

896.0 ±0.6 FOX 74 RVUE 2 K+ n → K+ π− p

896 ±2 16 MATISON 74 HBC 12 K+ p → K+π−∆

896 ±1 3186 LEWIS 73 HBC 2.1–2.7 K+ p → K ππp

894.0 ±1.3 16 LINGLIN 73 HBC 2–13 K+ p →
K+π−π+ p

898.4 ±1.3 1700 2 BUCHNER 72 DBC 4.6 K+ n → K+ π− p

897.9 ±1.1 2934 2 AGUILAR-... 71B HBC 3.9,4.6 K− p → K−π+ n

898.0 ±0.7 5362 2 AGUILAR-... 71B HBC 3.9,4.6 K− p →
K−π+π− p

895 ±1 4300 3 HABER 70 DBC 3 K−N → K−π+X

893.7 ±2.0 10k DAVIS 69 HBC 12 K+ p → K+π−π+ p

894.7 ±1.4 1040 2 DAUBER 67B HBC 2.0 K− p → K−π+π− p

• • • We do not use the following data for averages, fits, limits, etc. • • •

895.53±0.17 LEES 13F BABR D+ → K+ K−π+

894.9 ±0.5 ±0.7 14.4k 17 MITCHELL 09A CLEO D+
s

→ K+ K−π+

896.2 ±0.3 20k 8 AUBERT 07AK BABR 10.6 e+ e− →
K∗0K±π∓ γ

900.7 ±1.1 5900 BARTH 83 HBC 70 K+ p → K+π−X

HTTP://PDG.LBL.GOV Page 2 Created: 10/6/2015 12:30
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Kπ I=1/2 P-wave scattering phase

● Fit to τ→Kπντ with restrictions from Kl3 
K*π threshold

threshold
parameters

1.2   Ex: �π scattering: P-wave 

 
 
 

 
 

Emilie Passemar 5 

Tau data 

τ � Kπντ  

   Boito, Escribano & Jamin’10 

See also  
lattice QCD 
Dudek et al. 
Wilson et al.’14 

ChPT

Important Input for CP violation in heavy meson decay
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•  The results coming from Roy-Steiner and data at higher energy not in 
agreement with low energy experimental data           need improvement!  
Problem: no other precise data  

 
•  Existence would suggest  
κ not a glueball  
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Figure 5: Plot of |S
1
2

0 (s)|2 for complex values of s (in units of GeV2), computed from the
RSb representation (14).
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Figure 6: Same as fig. 5 showing |S
1
2

1 |2.

10

significantly outside of its strict domain of validity, we have found a difference of only
0.5 % in the pole position in comparison with the result from the RSb representation.

In table 1 we summarise the results of a few other determinations of the K∗
0 (800)

resonance parameters in the recent literature. These are derived from input experimental
data on πK scattering, except for the result of Aitala et al. [7] which is based on D → Kππ
decays and the one from Bugg [10] who uses the same data combined with BESS II data
on J/ψ → K∗(890)Kπ. Our results are compatible with those of [15, 16] who have
also employed dispersive methods. The mass which we find is lighter than in previous
calculations. A similar effect was observed in ref. [11] in the case of the σ and it was
traced to a more complete treatment of the left-hand cuts in Roy-type representations.

Mκ (MeV) Γκ (MeV)
This work 658 ± 13 557 ± 24
Zhou, Zheng [16] 694 ± 53 606 ± 89
Jamin et al. [18] 708 610
Aitala et al. [7] 721 ± 19 ± 43 584 ± 43 ± 87
Pelaez [19] 750 ± 18 452 ± 22
Bugg [9] 750+30

−55 684 ± 120
Ablikim et al. [20] 841 ± 23+64

−55 618 ± 52+55
−87

Ishida et al. [14] 877+65
−30 668+235

−110

Table 1: The mass and width of the K∗
0 (800) from our work and some other recent

determinations. Refs. [7, 20, 14] quote Breit-Wigner parameters from which we have
computed the corresponding pole positions.

3 Summary and outlook

It is quite likely that many exotic mesons (or baryons) exist in QCD which are not seen
simply because they have a very large width. In the case of the κ meson, we have demon-
strated that it is perfectly possible to prove the existence of such particles by combining
experimental data with some general theoretical constraints. Previously, the same conclu-
sion was derived in the case of the σ meson [11]. A major advantage of the methods used
here and in ref. [11] lies in the control of their range of validity as one moves away from the
physical energy region into the complex plane. No such control exists for naive parametri-
sations of the Breit-Wigner type or even for more sophisticated ones like chiral-unitarised
approaches.

The πK-scattering matrix in the S wave has been computed in the complex energy
plane using a Roy-Steiner dispersive representation. It is worth noting that in such a
representation, one must inject much more experimental information than just the S-wave
phase shifts (such as data on other πK and crossed-channel partial waves and the high
energy behaviour). Moreover, the available S-wave data does not cover the lower energy
range. In this region, unitarity provides extra information which can be combined with

13
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•  The results coming from Roy-Steiner and data at higher energy not in 
agreement with low energy experimental data           need improvement!   
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Estabrooks et al.
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Figure 16: Same as fig. 15 for the I = 1
2 S-wave phase shift (curves in the upper half of the

figure) and the I = 3
2 S-wave phase shift (curves in lower half).

6.3 Results for threshold and sub-threshold expansion parameters

The behaviour of amplitudes at very small energies is conveniently characterized by sets of
expansion parameters, which are particularly useful for making comparisons with chiral expan-
sions. We consider first the set obtained by performing an expansion around the πK threshold.
These parameters are conventionally defined from the partial-wave amplitudes as follows

2√
s
Ref I

l (s) = q2l
(

aI
l + bI

l q
2 + cI

l q
4 + . . .

)

(94)

with

s = m2
+ +

m2
+q2

mπmK
−

m2
+m2

−q4

4m3
πm3

K

+ . . . (95)

Once a solution of the RS equations is obtained, all the threshold parameters are predicted. The
two S-wave scattering lengths are determined from the matching conditions, as explained above.
The other threshold parameters may be obtained from the dispersive representation eq. (20) in
the form of sum rules. These are obtained by projecting the DR’s over the relevant partial wave

34

Buettiker, Descotes-Genon, Moussallam’04 
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11 June 2016 

12 GeV Approved Experiments by PAC Days 
Topic Hall A Hall B Hall C Hall D Other Total 

The Hadron spectra as probes of QCD   119   540   659 

The transverse structure of the hadrons 145.5 85 102 25   357.5 

The longitudinal structure of the hadrons 65 230 165     460 

The 3D structure of the hadrons 409 872 212     1493 

Hadrons and cold nuclear matter 180 175 201   14 570 

Low-energy tests of the Standard Model and 
Fundamental Symmetries 547 180   79 60 866 

Total Days 1346.5 1661 680 644 74 4405.5 

Total Days – Without  MIE Days 697.5 1661 680 644 28 3710.5 

Total Approved Run Group Days (includes MIE) 1346.5 826 637 424 74 3307.5 

Total Approved Run Group Days (without MIE) 528.5 826 637 424 28 2443.5 
Total Days Completed 20 15 0 25 0 60 
Total Days Remaining 

508.5 811 637 399 28 2383.5 

• Bob McKeown’s talk at 2016 UG meeting

60 weeks



44

18 18 April 2015 
Page 18 

18 June 2016 
18 

JLab Operations Budget ONP Briefing 

•  During FY01-FY12, CEBAF ops averaged 34.5 weeks/year      
(best year FY05 at 42 weeks) 

 
•  For 12 GeV era we estimate “optimal” operations at  

 37 weeks per year  
 

•  FY17 Pres. Budget includes JLab ops at $104M 
 -  would fund 23 weeks (+ 3 weeks from 12 GeV project) 

 
•  FY18+ at cost of living implies 23 weeks/year running  

 (62% of optimal) 

•  We propose FY18+ at 30 weeks/year (81%), will require ~$6M 
increase in operations budget. 

• Slide from Mont’s talk at 2016 UG meeting
• Hall D Physics Program will be completed in 2-3 years
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Summary
- KN scattering still remains very poorly studied 

- lack of data on excited hyperon states requires 
   significant experimental efforts to be completed 

- Our preliminary studies show that production of 
few times104K0L/s at  GlueX target in Hall D is 

-Proposed setup will have highest intensity K0L 
beam ever used for hadron spectroscopy

-Data obtained at Jlab will be unique and partially 
complementary to charged kaon data 

- Experimental data on Kpi system needs to 
be updated for many different reasons 
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Thank You!


