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Outline

Physics Motivation
- Hyperon Spectroscopy
- Strange Meson Spectroscopy

K. Faclility at JLab

- Electron Beam
- Compact Photon Source
- Be Target

- Flux Monitor

- KL Beam
- LHo/LD> Target

Summary



Hyperon Spectroscopy
According LQCD there should be
many more states including hybrids (thick bordereqd)

8-states 6-states
5-states : ;s 4-states
**x % E *x*x %
3-states
o 1-state
o —> *kkk
4-states 5 1-states

Edwards, Mathur, Richards and Wallace, Phys. Rev. D 87, 054506 (2013)
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Proposed Measurements on Proton Target

existing data

KLF 100 days
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Proposed Measurements on Neutron Target

Sensitivity to different solutions
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Search for Hyperon Resonances with PWA

For Scattering experiments on both
proton & neutron targets we need to determine:

-differential cross sections &
-self polarization of strange hyperons
-perform coupled-channel PWA

-look for poles in complex energy plane
(not naive bump hunting)

-identify A™, X", 2% & QF  up to 2400 MeV

As kaon nucleon scattering data are very poor

we use pion nucleon scattering data with statistics
generated according to expected KLF data for 20(100) days
to show PWA sensitivity to obtain results close to the best fit



Using 7D Scattering
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Obviously: we need at least 100 days to get unique solution
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Strange Meson Spectroscopy
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Proposed Measurement
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Scalar Meson Nonet
t S
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Four states called <~
still need further confirmation(PDG)
We can mesure all of them
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Measurement of K (800)

Breit-Wigner-like parameterizations
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Hall-D beamline and GlueX Setup

Compact Pair Spectrometer

Photon Source ‘__/__
North LINAC \\ | X/ '
y beam

R = L'X i

Area Magnet Flux
East ARC Monitor
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Electron Beam Parameters

E. =12 GeV I =5uA
Repetition rate 64 ns

No major problems.

Doable !

Confirmed by Todd Satogata

Estimated investment ~$60 K for injector upgrade
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Compact Photon Source

Conceptual design is
completed for Halls C/A

forl=2.7 uA

Could be extended for =5 A
in Hall D

The details of the CPS are designed
by the CPS Collaboration

Meets RadCon Radiation Requirements

Estimated cost $1.5-2.0 M
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Be Target Assembly: Conceptual Design

Concrete

Air Borated Polyethylene AQS 120 cm

Photons

| Vacuum

50cm

-Meets RadCon Radiation Requirements

-Conceptual Design Endorsed by Hall-D Engineering Staff (Tim Whitlatch)

Estimated cost ~$1.2 M
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counts [arb]

Flux Monitor

Air | — full assembly ~100cm outer diameter
Z
pair spectrometer magnet magnet 50 cm inner diameter backward tracker
. 40cm orward tracker endca
= frofntcapd i( / ,// ) o
oo N £
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| m— _
46 cm 150 cm - 100 cm - 100 cm =
él2020m to LH2/LLD2 Eget 796cm to LH2/L.D2 target
100
| Reconstructed K. mass
o o
_ Flux measurement stat. err. <1%
>0r Estimated syst. err. <3%
Y Pursuing UK funding
| TTev
317005 0 005 0.1

Missing Mass? [(GeV/c?)?]

Estimated cost ~$ 0.7 M
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KL Beam Flux

; Flux at LH2/LD2 target
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Hyperon’s Width

TOF —

)
(-
I I | | I

Final state

16 18 2 22 24
W™ [GeV]

19



LH>/LD> Cryogenic Target for Neutral Kaon Beam at Hall D

The GlueX liquid hydrogen target.

Current Proposed & Feasible

Longer and ticket target is needed to enhance production rate

Conceptual design endorsed by target group (Chris Keith)
Estimated cost ~$ 30 K
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Km Scattering Resolutions

Four Momentum Resolution for K p — K™z'p

-

|
l

w

At/t (%) (1/0.025 GeV?)
NN & o =~ co =

Lo

02 04 0.6 0.8

=

-Good resolution at low-t is
needed to be on pion pole

K™n” Invariant Mass Resolution for K p — K'n'p

Grer
-1
© B i
{j - -
2. .0 |
E.'I.-'-I + ,
g B |
1.2— .
E | i
T L
-
g
+
0.8—
0.6— .}
(T T T T T T T T T T T I O O O IO
0.6 0.7 0.8 0.9 1 1.1 1.2

M(K'T) [GeV/c?]

-Binning in ~10 MeV will cover almost
entire elastic K-pi scattering range

2



HIPS 2017

New Opportunities with High-Intensity Photon Sources

(2056  YSTAR

Excited Hyperons in QCD
Thermodynamics at Freeze-Out

February 6-7, 2017
Catholic University of America
Washington, DC U.S.A.

FEBRUARY 1-3, 2016
JEFFERSON LAB
NEWPORT NEWS, VIRGINIA

This workshop aims at producing an
optimized photon source concept with
potential increase of scientific output at
Jefferson Lab, and at refining the science
JCECYSOH Lab for hadron ph‘y c_s expe_riments benefitting
from such a high-intensity photon source.
Newport News, Virginia The workshop is dedicated to bringing

SCOPE

together the communities directly using
The Workshop s following Lol12-15-001 . :
"Physics Opportunities with Secondary A workshop to discuss the influence of Moskov Amaryan - Chair James Ritma such sources for photo-production
KL beam at JLab" and will be dedicated possible “missing” hyperon resonances obU U 2 IKP il experiments, or for conversion into K,

to the physics of hyperons produced by

bl P D (JLab KLF Project) on QCD thermo- ugene Chudakos Tgor Sakorshy b“la“'S' e C°"l":"f:'°" o hlg"hpmlswn
e kaon beam on unpolarized an - . N ! gor 9 R o .

B e TG lL1e X sstliln in dynamics, on freeze-out in heavy ion Z calorimetry and - mle';S“y : owz
Hall D. The emphasis will be on the collisions and in the enrly universe, and 1‘\;;/\.(“ Rajagopal sorxrc?sAcan provide greatly enl arwe
hyperon spectroscopy. Such studies in spectroscopy. Recent studies that scientific benefit to (deep) exclusive

could contribute to the existing scientific SF R ; N Claudia Ratti processes like wide-angle and time-like
program on hadron spectroscopy at compare lattice QCD calculations of University of Houston

N R o Compton scattering. Potential prospects

Jefferson Lab. thermodynamic calculations, statistical . . .

had B el ) of such a high-intensity source with
adron resonance gas models, and

The Workshop will also aim at boosting &

the international collaboration, in

particular between the US and EU

research institutions and universities.

modern polarized targets will also be
ratios between measured yields of discussed. The availability of K, beams
different hadron species in heavy ion would open new avenues for hadron
collisions provide indirect evidence for spectroscopy, for example for the

The Workshop would help to address the = = the presence of “missing” resonances in investigations of “missing” hyperon
comments made by the PAC43, and to : - all of these contexts. The aim of the : \ resonances, with potential impact on QCD
e R R URIE ety the next ; workshop is to sharpen these compari- | —— thermodynamics and on freeze-out both in
5 sons, advance our understanding of the | heavy ion collisions and the early universe. Organizing
formation of baryons from quarks and Committee:
gluons microseconds after the Big Tanja Horn - CUA
Bang and in today’s experiments, and i Keppe - JLab

to connect these developments to - Copes R D
. A s Igor Strakovsky ~ GWU

experimental searches for direct,

spectroscopic, evidence for these reso-

nances. This Workshop is a successor

to the recent KI.2016 Workshop

rrr— W -
ESS M) joLcH oLpDomMIoN  Jefferson Lab EIA

KL2016

[60 people from 10 countries, 30 talks] https://www.jlab.org/conferences/kl2016/
OC: M. Amaryan, E. Chudakov, C. Meyer, M. Pennington, J. Ritman, & I. Strakovsky

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

HIPS2017

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

PKI2018

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

In total: 222 participants & 103 talks
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Te-K

Interactions

5 ORGANIZING COMMITTEE
Moskov Amaryan, ODU (Chair)

UIEG. MeiBner, U. Bonn/FZ Uelich

February 14-15, 2018 Cut eyr, OO

James Ritman, Ruhr-Uni.-Bochum/FZ JUelich
Igor Strakovsky, GWU
Jefferson Lab + Newport News, VA N ”

The pi-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 fo get precise values of vector and
scalar form factors: to independently extract CKM matrix element

Vus and fo fest the Standard Model unitarity relation in the first row

of CKM matrix, to study CP violation from the Dalitz plot analysis of et
open charm D meson decays and in a charmless decays of B
mesons in Kpipi final states. Significant progress is made lately in

Lattice QCD, in the pk logy and in the Chiral Perturt

Theory to describe different aspects of piK scattering. The main

source of i | data is based on i 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 piK scattering database by about three orders

of magmmde in statistics. The workshop will discuss the necessi!y

on pikK scattering.

Mev/e)

Weighted candidates / (0

Ay - e
- Jefferson Lab UNVERSTY
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SUMMARY

-Proposed KL Facility has unique capability to
improve existing world
database up to three ordres of magnitude

-In Hyperon spectrsocopy
PWA will allow to mesure pole positions
and widths of excited hyperon states

-ln Strange Meson Spectroscopy
PWA will allow to measure excited K* states
including scalar f0(800) states

- To accomplish physics program
100 days per LH2 and LD2 is required
-All components of KL Facility considered are feasible

$4.0M
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Possible Other Impacts
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Cover Letter for KLF Proposal Submission to PAC46

Issues:

Mounting this experiment will transform the existing Hall D beamline, so it represents an almost irreversible
change in direction for the GlueX apparatus. As such, the physics driver must be compelling,

and the PAC doesn’t feel that a sufficiently convincing physics case has been made. A broad program is suggested,
so the PAC would welcome a larger presentation format along the lines of a run group proposal.

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

The 64 ns beam structure will also require study to ensure that other halls are not adversely affected.

The beam time request is dominated by the hyperon polarimetry measurements. A simulated example of a PWA,

and how it would feed into the proposed spectroscopy measurements, will be needed in a future proposal.

The LOI included doubly strange baryons but this topic was not much expanded upon in the pro- posal.

This topic remains of considerable interest.

Summary:

This experiment would introduce a new and interesting area of physics at JLAB. The PAC recommends that the
Collaboration work with the lattice and theoretical nuclear physics community to sharpen the physics case.

In addition, more details on the KL production target and shielding will be needed before we can fully assess the feasibility

of the experiment. Despite the progress made in delineating the expanded physics possibilities, the very substantial beam time

request would be better motivated if more details could be provided on its impact on the proposed spectroscopic measurements.



The KLF Collaboration for the GlueX Collaboration believes that the
current proposal addresses all the concerns following the
recommendations expressed by the PAC45:

1.Q1: Mounting this experiment will transform the existing Hall D
beamline, so it represents an almost irreversible change in
direction for the GlueX apparatus.

Al: Changeover from the photon to K], beamline and from the K],

beamline to photon needs to be further evaluated and in the most
conservative scenario may take approximately 6 months or less. This
maximal break period may fit the current CEBAF Accelerator schedule.
It has to be mentioned that the collimator cave has enough space (with
the 4.52 m width) for the Be-target assembly to remain far enough from
the beamline.



2. Q2: As such, the physics driver must be compelling, and the PAC doesn’t
feel that a sufficiently convincing physics case has been made. A broad
program is suggested, so the PAC would welcome a larger presentation format
along the lines of a run group proposal.

A2: With the current proposal, we aim to show the broad range of outstanding problems related
to strange hadron spectroscopy, which can be solved by improving the existing database by orders
of magnitude. We believe, the run group proposals will naturally occur when the proposed facility
is approved.

In particular, we are focusing on studies of doubly strange cascade baryons and the kappa-meson.
Following Bob McKeown’s suggestion, we plan to have three presentations at the PAC46 meeting:

(a)KL, Beam Facility at GlueX;
(b) Hyperon Spectroscopy with a K1, Beam;
(c) Strange Mesons with a KT, Beam.



3. Q3:The CPS design is progressing but details on the KL target end shilling

for the detector need to be fleshed out.

A3: Following to that, we improved the conceptual design for both the CPS
(Sec. 10.1.2) and the Be- target (KL production target) (Sec. 10.1.3)

4. Q4: The 64 ns beam structure will also require study
to ensure that other halls are not adversely affected

A4: According to our discussions with accelerator experts (Geoff Krafft, Matt Poelker,
Todd Satogata, Jay Benisch, Reza Kazimi, and Joe Grames) following the iTAC Report
for PACA45 it has been explicitly stated that no problems are expected for a 64 ns beam
structure from the beam delivery point of view. Todd is member of our team and we do
have a Section 10.1.1 addressing this task. In order to build up a beamline delivery

system for the secondary KT, beam a rough estimateis for about $10k the pulse picking

system and about $50k for the laser amplifier.



5. Q5: A simulated example of a partial wave analysis, and how it would feed into the proposed

spectroscopie measurements, will be needed in a future proposal.

AS: We generated quasi-data for the toy PWA model for spectroscopy of hyperons to
demonstrate impact of the proposed experiment on the world knowledge

(Sec. 11.1.6). The results will be presented during PAC46.

6. Q6: The LOI included doubly strange baryons but this topic was not much expanded upon

in the proposal. This topic remains of considerable interest.

A6: We made two cases with doubly strange baryons (Sec. 3.1) and pion-kaon interactions

(Sec. 9) more compelling.



7.Q7: The PAC recommends that the Collaboration work with the lattice and theoretical

nuclear physics community to sharpen the physics case.

A7: We are collaborating closely with the lattice and theory community. In addition, we had
the forth Workshop PKI2018 [12] hosted at JLab recently and dedicated to
the physics of strange mesons produced by the neutral kaon beam.
Meanwhile, many lattice and theory researchers are co-authors of our proposal

and our proposal has a significant contribution from them.

8. Q8: In addition, more details on the KL production target and shielding will be needed

before we can fully assess the feasibility of the experiment.

A8: All is done (see A3).



9. Q9: Despite the progress made in delineating the expanded physics possibilities, the very
substantial beam time request would be better motivated if more details could be provided

on its impact on the proposed spectroscopic measurements.

A9: We believe that the current proposal addresses all the concerns following the recommendations
expressed by the PAC45. The new data will significantly constrain PWAs and reduce
model-dependent uncertainties in the extraction of the properties and pole positions
of the strange hyperon resonances, and establish the orbitally excited multiplets in the
spectra of the = and €2 hyperons.

The experiment will settle the still open issue of the existence or non-existence of the low
lying strange scalar meson #(800). All details will be presented during PAC46.



