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History of the Universe

HISTORY OF THE UNIVERSE A e There is Influence of
= Dark Ygerdy possible “missing”

occelergted

expansing hyperons on QCD
Cosmic Microwave s""d”_'e .
Background radiation  formation thermodynamics, on
is visible .

freeze-out In heavy ion

& hadon collisions & in
early Universe, & in

spectroscopy.

Accelerators

ﬂnﬂgtiom

e Advance our
understanding of
formation of baryons
from quarks & gluons
microseconds after
Big Bang & in today’s
experiments, &
connection these

t = Time (seconds, years)

E = Energy of photons (units GeV = 1.6 x 10719 joules) s dEVEIOpmentS tO
D & . & experimental searches
S oo ° o : ) for direct, spectroscopic,
S S evidence for these

baryon ’ photon

o H H )
The concept for the above figure originated in a 1986 paper by Michael Turner. Particle Data Group, LBNL © 2015 SUppOI’Ted by DOE m ISSIng resonances.
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Thermodynamics at Freeze-Out

e 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 the presence
of “missing” resonances in all of these contexts.
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e Three independent ratios start to coincide in
A. Bazavov et al Phys Rev Lett 113, 072001 (2014)

crossover region giving identical results only
below chiral crossover temperature at physical
values of quark masses T, = 154 £ 9 MeV.
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Baryon Sector at PDG16

Chinese Physics C

GW= G Contribution C. Patrignani et al Chin Phys C 40, 090001 (2016)
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Baryon Resonances

e Three light quarks can be arranged in 6 baryonic families, N*, A*, A*, 2*, %, & Q%*,
e Number of members in family that can exist is not arbitrary.
e If SU(3); symmetry of QCD is controlling, then:

Octet: N* A* X* BE*
Decuplet: A* 2* 5%, & Q¥

e Number of experimentally identified resonances of each baryon family in
Selgslel summary tables is 16 N*, 10 A*, 14 A*,10 2%, 6 &%, & 2 Q*,

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

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

e To complete SU(3); multiplets, one needs no less than 17 A*, 43 2*, 42 5%, & 24 Q*.

B.M.K. Nefkens, TN Newsletter, 14, 150 (1997)
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TVery Strange Resonances e
Problem of “Missing” States

e Experimental knowledge of hadron spectrum is incomplete:
more excited states are expected to exist.

4 f‘ ' A
R. Koniuk and N. Isgur, Phys Rev Lett 44, 845 (1980)

e () baryon spectrum in QM. e () baryon spectrum in LQCD.
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Thick frame: Hybrid states
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GW &> World K—long Data — Ground for Hyperon Phenomenology

— Data Analysis Center —

ot oo W = 1,45 — 5.05 GeV SAID: http://gwdac.phys.gwu.edu/
. : ﬂ/lost of data were
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tot
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Data for K ,p —=Kp

e No do/dQ data are available

10 R 25 P for K, p—K,p below W =3 GeV.
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Courtesy of Mark Manley, KL2016
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Data for Y(Lp—nf/l & K p—orA
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Data for K p— T2V g Kp—onl
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@ctions K p—m*Z0 & K p—n'Z* \

are Isospin selective

(only I =1 amplitudes are involved) &
K-p—m®Z° s isospin selective forl=0
whereas reactions K" p—n2* &

K p—m*X~ involve both

I =0 &1=1amplitudes.

New measurements with K,-beam
would lead to better understanding
of Z* states & help constrain
amplitudes for K-p—nX reactions.

e Quality of K p data is comparable
to that for K p data.
It would be advantageous to
combine K;p data in a new
coupled-channel PWA with available
K™p measurements.

o SIS lists only two results on

A(2100)7/2- (BR < 3%)
>(2030)7/2* (BR < 2%).
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W 1/3/2017

How to Search for Missing Hyperons

New data for inelastic KEp scattering would significantly
improve our knowledge of X* Resonances

Very few polarization data are available for any Kgp
reactions but are needed to help remove ambiguities in
PWAs

To search for missing hyperon resonances, we need
measurements of production reactions:

) Il KEp — X" - arA

A*: KEp — 7A\* - X

= Kjp > K=* nKZ='

Q' Kp—> K'K*Q'
If such measurements can be performed with good
energy & angle coverage & good statistics, then it is
very likely that measurements with KE beams would find

several missing hyperon resonances.
Courtesy of Mark Manley, YSTAR2016
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Sample of Hunting for Bumps

"«|Outlook at GlueX
for A(1405) Line-
Shape Measurement

Y

K;° vt
1.1"’?# #;F K™ L \‘.‘r# ’#T
:K AL :K P A’
~ A(14OS)\ ~ A(1405)\
P > p 2

e Measurement may be feasible K'p— A(1405) 7" = =7 7"
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A bit of History

PHYSICAL REVIEW VOLUME 138, NUMBER 5B 7 JUNE(1965

S. D. DreLL aANp M. Jacost

(Received 6 January 1965)

15-BeV incident photons.

50 pb/sr

e K°(w,q)
-~

Fic. 1. K* exchange
in photoproduction.

[Not dominant] | e, p) Z* (Eaipy)

Our motivation in earrying out this calculation is
to emphasize the strong suggestion that an intense
“healthy” K; beam will emerge from high-energy elec-
tron accelerators (SLAC in particular) and will be
available for detailed experimental studies.
Courtesy of Mike Albrow, KL2016
1/3/2017 HIPS2017, Washington, DC, February 2017

Photoproduction of Neutral K Mesons* | CP-violation (1964)

Photoproduction of a neutral K-meson beam at high energies from hydrogen is computed in terms of a K*
vector-meson exchange mechanism corrected for final-state interactions. The results are very encouraging for
the intensity of high-energy K3 beams at high-energy electron accelerators. A typical magnitude is 20 ub/sr
for a lower limit of the K° photoproduction differential cross section, at a laboratory peak angle of 2°, for

Hot topic!

Stanford Linear Acceleralor Cenler, Stanford University, Stanford, California

005

g

mb/ STERADIAN

0.01

o I —
Lo 0.95 03 oBes 0.8

cos Bgm,

F1c. 3. Center-of-mass differential cross section at 10 BeV.
Curve (1) gives the Born approximation. Curve (2) is obtained
after subtraction of the j=4 partial wave. Curves (3) and (} Ul
respectively obtained after the j=4, 1, §, , and all ial WSe)
have been corrected for absorption in final state. The result, ==t
shown as directly obtained from and drawn by the computer




A bit of History

Nuclear Physics B2509-524. North-Holland Publishing Company

PHOTOPRODUCTION OF K°® MESONS

FROM PROTONS AND FROM COMPLEX NUCLEI

The possibility that M. G.ALBROW ¥, D. ASTON, D, P, BARBER, L. BIRD !},
useful K, beam could

R.J. ELLISON, C.HALLIWELL, A. E. HARCKHAM $11,
F.K. LOEBINGER, P.G.MURPHY, J. WALTERS 1! and A. J. WYNROE

be made at electron Schuster Laboratories, The University of Manchester,
synchrotron by Manchester M13 SPL
h d . R. F. TEMPLEMAN
photoproduction was Daresbury Nuclear Physics Laboratory, Daresbury,
being considered, & SRany WArviRgEon. Lamce: - .L s =
prediction for REGeLul 18 ULy 178 Sci-Tech |

SLAC by Drell & Jacob DARESBURY o~

.. “We were at Manchester Univ. close
\ER OptImIStIC.

to Daresbury 5 GeV e-synchrotron.”

CP-violation

PHYSICAL REVIEW D VOLUME 7, NUMBER 3 1 FEBRUAR

Production of K Mesons and Neutrons from Electrons on Beryllium Above 10 GeV#

G. W. Brandenburg, A. D. Brody, W. B. Johnson, D, W. G. S. Leith, J. S. Loos,t G. J. Luste,
J. A, J. Matthews, K. Moriyasu,§ B, C. Shen, | W. M. Smart,** F. C. Winkelmann, and R. J, Yamartino
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305 -

1 A h NATIONAL (Received 14 August 1972)

ACCELERATOR

QHHV LABORATORY

Systematics of particle anti-particle processes
through intrinsic property of K-longs
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JLab Lol12-15-001

A Letter of Intent to Jefferson Lab PAC-43.
‘ggﬁaﬁhﬁkﬁ;ﬂgslsmmr Facility G LUE ;'w:::

Physics Opportunities with a Secondary K] Beam at JLab.

Moskov J. Amaryan (spokesperson),!** Yakov 1. Azimov,? William J. Briscoe,® Eugene Chudakov,?
Pavel Degtyarenko,? Gail Dodge,! Michael Déring,® Helmut Haberzettl,® Charles E. Hyde,! Benjamin C. Jackson,®

Christopher D. Keith,* Ilya Larin,! Dave J. Mack,* D). Mark Manley,® Kanzo Nakayama,® Yongseok Oh,7
Emilie Passemar ® Diane Schott * Alexander Somov ? Izor Strakovsky ® and Ronald Workman®

'Old Dominion University, Norfolk, V4 23529
? Petersburg Nuclear Physics Institute, Gatchina, 5t. Petersburg 188300, Russia
*The George Washington University, Washington, DC 20052
f Thomas Jefferson National Accelerator Facility, Newport News, Virginia 23606
"The University of Georgia, Athens, GA 30602

“Kent State University, Kent, OH {4242
"Kyungpook National University, Daegu 702-701, Korea

¥ Indiana University, Bloomington, IN 47405

(Dated: May 14, 2015)

e We plan to submit a full Proposal for JLab PAC45 in 2017.
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CEBAF Upgrade to 12 GeV

>

add new hall

5 new
cryomodules

\ "~ double cryo
upgrade capacity
existing Halls f

/

‘§ add arc pgrade magnets
' ‘ and power supplies
- ’

5 new cryomodules

nam

Upgrade Goals
e Accelerator: 6 GeV = 12 GeV
e HallsAB,C: e~ <11 GeV, < 100 LA
e HallD: e~ 12 GeV = ~-beam

Upgrade Status
e Reached 12 GeV in Dec 2015

e Halls A,D: finished
Halls B,C: about a year to go

3 E.Chudakov KL2016. Feb 2016 Overview of Hall D
% 1/3/2017 HIPS2017, Washington, DC, February 2017

O@Thomas Jefferson National Accelerator Facility




cwer  Hall D Beam Line Set up f or 7('[0”95

Tungsten = Counting
Radiator Tagger Magnet  Coherent Bremsstrahlung A

photon beam P.':-} =t ‘
17£View \ Pair =i 5

75 m

Electron = - =
—_—
beam
~y-polarimeter
No need in Be-target
tagging photons LH,-target
| = 5 UA

e
W-radiator = 0.1 R.L.
Be-target =1.7 R.L.

e Electrons are hitting W-radiator.
e Photons are hitting Be-target.
e K;s are hitting the LH,-target within GLueX setting.
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Hall D/GlueX

]

. . VN
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Hall D/GlueX Spectrometer and DAQ

forward calorimeter

barrel time-of
L l l E W\/\/ calorimeter -flight
target

Resolutions ctart cou ) CMLH Detectors
he: op/p~1—3% » CDC, FDC
v: og/E ~6%/VE ©2% \ » BCAL, FCAL
o -
Acceptance 1° < ¢ -::;hlt%g} . » TOF ST
Plans to add
tungsten forward drift
wafer chambers
. central drift > 2017 L3
;’ chamber
\ electron . » 2018 DIRC
electron tagger magnet beam superconducting
beam mgger;oniitf;;?;gsmnce B_20T magnet

Photoproduction vp 1.5 kHz for a 10 MHz beam;  Trigger > Ecar > X
GlueX-l 10 MHz/peak: trigger 20 kHz = DAQ = tape 30 kHz spring 2016
GlueX-1ll 50 MHz/peak: trigger 100 kHz = DAQ = L3 farm ~ 20 kHz = tape

Courtesy of Eugene Chudakov, YSTAR2016

E.Chudakov YSTAR2016, Nov 2016 Hall D Fagility 9/24 J.Effez"" Lab




Expected Neutron Background

e Most important & unpleasant background for K, comes from neutrons.

RedCon
Limit:

1 mrem/h

Be

phOtOI’\S

electrons JE S

70 M Hz 10% n/s/cm? in front of LH,

76243 %108 el Main source of neutrons 99% of neutrons associated with T < 90 MeV
X electrons 2 Do, ., while 0.6% of them are for T > 125 MeV.

F540000 -
Top view = Tally 1

7470 2 l:DDEﬂJ? 00° 00?, ., N/(MeV S sz)

/ - 1.00E+06 we

7.3 Eiﬁiﬁ '.5'0". o .
_]% é‘:l.DDE-lﬂa

L0073 Looeson ’ *

1
- - e
s N
1 01 1 bl 100 1000 10000
Ll

-Lesplamos | @ For neutron calculations, we use MCNP6 transport code.
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K-long & Neutron Rate on GlueX LIH,-target

A e e! A.h NATIONAL
Grueke” MC @ 12 GeV SiAe Giwy  Data @ 16 GeV
Yields in Be —~ 10 = T T I T
> g | 0 .
= neutrons DINREG, with Pb shield 5 = T; ® K5 -
3 & neutrons DINREG E — T mn ]
e ‘I | _ _
T E L @ . _
- : o ?% o
& !'rl' Ve,
. I = ! | f .l.. =
< F v L 7
I ! t,
LIQJ : I | *.I. :
2 L ' I
i |
g |t .
2 |
i_
@x
Y ! 1 | !
0 2 4 6 8 10
> - MOMENTUM (Gev/c)
2 : FIG. 2. Comparison of the neutron and K,° fluxes at
% 1 the hydrogen bubble chamber for 2° production with 16—
« T\ GeV electrons. A p_Brody et al Phys Rev Lett 22, 966 (1969)
& [

e Delivered with 60 ns bunch spacing avoids overlap
in range of p = 0.35 — 10.0 GeV/c.

e With proton beam, ratio n/K; = 103-10%.

10 12
P (GeVrc)

HIPS2017, Washington, DC, February 2017 Igor Strakovsky 21



Expected Energy-Resolution

e Mean lifetime of K= is 12.38 ns (ct = 3.7 m) whereas
mean lifetime of K is 51.16 ns (ct = 15.3 m).
Thus, it is possible to perform measurements of K, p scattering
at lower energies than K p scattering due to higher beam flux.
e Momentum measured with TOF between SC (surrounded LH,) & RF from CEBAF.

D.i 0.1 — .
ol
0.09 0.09
0.08 " T

_o'-
007 0.07 '_'..'
%
0.06 0.06 L
’”~
0.05 0.05 e
0.04 0.04 /'
0.03 ra

0.03 /

0.02

0.01 Less than 1%

|
05 073 1 125 15 195 2 225 25 0 1.6 1.8 2 2.2 2.4 2.6 2.8 3

0.02

0.01

K, momentum, (GeVic) W, (GeV)
e Momentum resolution Ap/p is growing with e For W <2 GeV, AW < 20 MeV which is suitable
momentum: for 1 GeV/c is 1.7%, to study Hyperons with I" =30 — 50 MeV.

for 2 GeV/c is 6%.

\ Courtesy of Ilya Larin, KL2016
“: 1/3/2017 HIPS2017, Washington, DC, February 2017 Igor Strakovsky 22




Expected Particle Identification

e Time difference at primary vertex”

* dE/dx for PKs. for proton hypothesis for pKg using TOF.
dEdx vs p/M for proton candidates Lo Laighi-lyanee VS P TOT proton
—_ 5 = = —————
3 Co- ; i .wn 3 E LT - ~ _ lm
b - - - - - - —{14p 10 = = = - Eo.- g
LLI - - - - - - -
= = - = _ " - —120 -
15 i . = .
- T - - - —100 :
10F= T - - =3 E g
- - - = = . -
5: : 4 _ - - 10
3 20 = - -
o gy

E o = - . B
o dE/dx for K*E®. & | #Z.--=o.0 -
2 [ =
E - - —120
= -
15_— —{1a0
- e
10—
r —Ed
K w0
Sl
: - ]
u; 0

Courtesy of Simon Taylor, KL2016
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Expected Cross Sections vs Bubble Chamber Data

e GlueX measurements will span cosB from —0.95 to 0.95 in c.m. above W = 1490 MeV.

Courtesy of
Simon Taylor, KL2016

e K, rate is 10°K/s. Mark Manley, KL2016
e Uncertainties (statistics only) correspond to 100 days of running time for:
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claSP JLab E-03-105

[o Prove motivation of JLab Proposal JLab E-03-105 J

Pion Photoproduction from Polarized Target for FROST Project.

Transverse Longitudinal
Polarization Polarization
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Summary

e Here we reviewed what can be learned by studying K p scattering leading to
two-body final states (15t stage).

At later stages, we plan to do K,n on LD, &
KN on aka FROST with hydrogen & deuterium.

¢ 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); multiplets, one needs no less than
17 A*, 43 X%, 42 %, & 24 Q*.

e Discovering of missing low-lying hypiron states would assist in advance
our understanding of formation of baryons from

quarks & gluons microseconds after Big Bang.

e Full Proposal is coming for PAC45 in 2017, WELCOME to JOIN US.

7 . NEW MEMBERS
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4% Fermilab Project X: Physics Opportunities

Table 1: Comparison of the A, 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 [68].

Project Beam energy  Tarpet plAL) Kils n/Ky
(GeV) (Ar) (MeV/e)  (into 500 psr) (E, = 10 MeV)
[ BNL AGS 24 TPt 300—1200  60xI0 ~1: 1000
Project X 3 1.0C  300-—1200 4505 106 ~1:2700

arXiv:1306.5022, arXiv:1306.5009, arXiv:1306.5024 \ \

(o First stage of Project X aims for neutrinos.

e Proposed K, beam can be used to study rare decays & CP-violation.

\o It may be impossible to use it for Hyperon Spectroscopy because of momentum range & nf/K; ratio)
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J-PARC

Japan Proton Accelerator Research Complex

{1
-——.v_ i ﬁ

Two beam lines are
under operation

KI1.1 & High-p beam lines
are under construction

7 under
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Courtesy of Hiroaki Onishi, KL2016
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J-PARC Hadron hall extension 2.

« <2.0GeV/ic
*1.8x10° pion/spill « 5 deg extraction
« x10 better Ap/p + ~5.2GeV/cKO

Good n/K

« <1.2GeV/c
« ~108 K/spill

< 2.0 GeVic
~10% K-/spill

<1.1GeVic
~10° K/spill

+ <10 GeV/c separated
pion, kaon, pbar
« ~107/spill K-, pba

30 GeV proton
<31 GeV/c unseparated 2ndary beams

(mostly pions), ~107/spill
Most aggressive scenario:
we expected to have first beam in 2021/2022

Courtesy of Hiroaki Onishi, YSTAR2016
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Courtesy of James Ritman, YSTAR2016
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Speakers:  Amaryan
Manley
Filippi
Myhrer
Degtyarenko
Nakayama
Ohnishi
Goity
Mai
Ziegler
Noumi
1/3/2017

Keith

Albrow
Chudakov

PHYSICS WITH NEUTRAL KAON BEAM AT JLAB

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

SCoPe

The Warkshop is followirg Lol12415.001
“Physics Opporturdties with Secondary
KL beam at JLab* and will be dedicated
to the physics of hyperons produced by
the kaon beam on unpolarized and
polarized targets with GlueX sat up in
Hall D. The emphasis will be on the
hyperon spectroscopy. Such studies
could contribute to the existirg scientifc
progeam on hadron spectroscopy at
Jeffarson Lab,

The Workshop will sho sim st boosting
the intemational collaboraton, in
particular betwaen the US and EU
research institutions and universities.

The Workshop would help to address the
comments made by the PAC43, ard to

prepare the full proposal for the next
P

Igor Strakouky, GWU

WIWW_JLAB.0RG/CONFERENCES XL201s

Richards

Ramos

Zou 61 people

& 30 talks

Schumacher

Oset

Montgomery

Kamano
Santopinto
Szczepaniak

Mathieu

Passemar

Taylor

W
b A ULICH owppomivion Jefferfon Lab { JA

—————

Kohl

HIPS2017, Washington, DC, February 2017

Oh

Pennington

Larin
https://www.jlab.org/conferences/kl2016/
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Speakers: Mai

Chudakov
Garcilazo

Amaryan
Begun
Noronha-Hostler
Myhrer

Ohnishi

Ritman

Huovinen

Doenigus

Excited Hyperons in QCD
Thermodynamics at Freeze-Out

Jefferson Lab
Newport News, Virginia

A workshop to discuss the influence of
possible “missing” hyperon resonances
(JLab KLF Project) on QCD thermo-
dynamics, on freeze-out in heavy ion
collisions and in the early universe, and
in spectroscopy. Recent studies that
compare lattice QCD calculations of
thermodynamic calculations, statistical
hadron resonance gas models, and
ratios between measured yields of
different hadron species in heavy ion
collisions provide indirect evidence for
the presence of “missing” resonances in
all of these contexts. The aim of the
workshop is to sharpen these compari-
sons, advance our understanding of the
formation of baryons from quarks and
gluons microseconds after the Big
Bang and in today’s experiments, and
to connect these developments to
experimental searches for direct,
spectroscopic, evidence for these reso-
nances. This Workshop is a successor

to the recent KL.2016 Workshop

Tsuchikawa

AR

Arriola

72 people
& 28 talks

Edwards

Xie

Goity

Montgomery

Manley

Crede
Alba

Guo

Capstick ==

v #) JOLICH “ﬂﬁgﬂﬁ!l‘" Jatterdon Lab €54

Stroth

Noumi

Tang

Bellwied Ratti

https://www.jlab.org/conferences/YSTAR2016/
HIPS2017, Washington, DC, February 2017
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