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History of the Universe

HISTORY OF THE UNIVERSE A e The omission of any

Dark energy e . ”
accelerated missing hyperon states

expansion . .
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is visible X negatively impact
1 our understanding of
QCD freeze-out in
heavy-ion & hadron
collisions, hadron
spectroscopy, &
thermodynamics of

early Universe.
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e For that reason,
advancing our
understanding of
, formation of baryons from
Sl ki M L ' ' quarks & gluons requires
new experiments to
o nevrino : ' search for any missing

sl gluon

"? 4 bOSO"S ;
D cicron TR 0 @ hyperon states or

meson

aryon ¢ photon z
Gt i resonances.
The concept for the above figure originated in a 1986 paper by Michael Turner. Particle Data Group, LBNL © 2015 Supported by DOE
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Thermodynamics at Freeze-Out
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\ of “missing” resonances in all of these contexts.

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
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Sample of Hunting for Bumps

for A(1405) Line- ore pramg G
Shape Measurement
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e Measurement may be feasible ° K'p— A(1405) 7" — = a %t

Courtesy of Reinhard Schumacher, KL2016,
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Road Map to Baryon Spectroscopy
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g‘W 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*, X*, 5%, & Q*,
e Number of members in family that can exist is not arbitrary.
e If SU(3); symmetry of QCD is controlling, then:

s AT AV A AW
1/2*+ n(udd)_t  p(uud) (ddd) () 3/2
Octet: N* A* X* E* z
L)% (s (dds)

Decuplet: A*, X*, 5%, & Q¥

(st I

=-(dss) =%uss)

e Number of experimentally identified resonances of each baryon family in
Sa®e] 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 &

Problem of “Missing” States
=

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

e () baryon spectrum in QM. e () baryon spectrum in LQCD.
3000 —y————— ———————— I = e S N
SR =l
I w80 :' :
sl = = |-
% 100 HE
£
: n
1500 5
1000_ . H H H
— e ———————— Not yet at physical m
T ||| 102+ |[ 302+ || 52+ || 702+ || 92+ (|12 1302 | 12- || 302- || 512 || 71- || 972- | 102- {1302 12; 3;; fé; ‘;;
U. Loring et al Eur Phys J A 10, 447 (2001) R.G. Edwards et al Phys Rev D 87, 054506 (2013)

Thick frame: Hybrid states
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What Can Be Learned with K°, Beam ?

Kip— Kgp
Elastic and charge-exchange Kip— K*™n

Two-body with S=-1 K)p— mTA
Kip—ntx’

Two-body with S=-2 Kgp s K+=0
K?p — K+=0

KYp — ot K=

Klp— ntKT=E"*
Kip -+ KtKTQ~
Kip - KTKTQ™*

Three-body with S=-2

Three-body with $=-3

Exploring Hadrons with Electromagnetic Probes, JLab, VA, November 2017 Igor Strakovsky 9



Why We to Measure
Double-Strange Cascades in JLab

e Heavy quark symmetry (Isgur—Wise symmetry) suggests that
multiplet splittings in strange, charm, & bottom hyperons
should scale as approximately inverses of corresponding quark

masses. 1/m :1/m_:1/m, N. Isgur & M.B. Wise, Phys Rev Lett 66 1130 (1991)

e |f they don’t, that scaling failure implies that structures of
corresponding states are anomalous,
& very different from one another.

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

multiplet:
A(1405)1/2—A(1520)3/2-, A (2595)1/2—A_(2625)3/2-, A,(5912)1/2—A,(5920)3/2-
e |t works approximately (30%) well for those A-splittings. J PTI:, e — “; "‘::ﬁm;u —
It would work even better for 5, &, 5, splittings, o) =56 175+ o Decays weakly

Z(1530) 3/24  were wes

=(1620) * *

=(1690) ¥ ¥5E ¥E
=(1820) 3/2— ++¢ * SHE Fk 4
=(1950) par e e *

& should be very good for (2, Q) , Q3, splittings.

oJefferfonlab ., can do double cascade spectrum.

L‘lLlLlL'L'L'LlL'L'ﬁ

=(2030) #¥4 = e
| =(2120) * *
As %{a is doing double charm cascade spectrum. = o Fhody decays
* S=body decavs
h 2500) * * * 3-budi.' deca;'s

E.(2790)1/2—E (2815)3/2-
R. Aaij et al, Phys Rev Lett 119, 112001 (2017)
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P A Formalism

g

£ (S

Er %) V2
R 5 1
LN /]

e Differential cross section & polarization for K p scattering are given by

(da' > 2 )
20 = (1 + lg*)
do
P— =22Im(fg")
e Y

A =hfk & kis momentum of incoming kaon in CM.

f(W,0) & g(W,0) are nonspin—flip & spin—flip amplitudes at W & 0.

Gui&ET
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Partial-Wave Expansion

e In terms of partial waves, f(W,0) & g(W,0) can be expanded as

4 R

fW,6)= Y [(/ + DT + ITr-]Pi(cos 6)
=0

g(W,0) = ) [Ty, - T_1P| (cos 6)

- = J

| is initial orbital angular momentum.
P,(cosO) is Legendre polynomial. ¥
P/(cos0) is associated Legendre function.

Total angular momentum for T, is J=I+1/2, while that for
T,_isJ=I-1/2.

Gui\E
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Isospin Amplitudes

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

4 — )
K?_=%(K*‘—K°)
l —_—
K2 = —(K' + KO)
V2 y

We have both I =0 & | = lamplitudes for KN & KN scattering.

Amplitudes T,,_can be expanded in isospin amplitudes as

T, = C{}T& + Cl'f}li

T'._are partial-wave amplitudes
with isospin | & total angular momentum J = I+-1/2

C' are appropriate Clebsch—Gordon coefficients.

I+—
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Photo-Decay Amplitudes in BV &
Pole Forms

e Pole is main signature of resonance !

. | 2 2 (2J + DW
(4= c |2 G L DMT] 4y @ e Res A
k, myTn . kr muyResy

Evaluated at
Res Energy

Evaluated at
Pole

TABLEL BEreit-Wizner and pole valyes for selected nucleon resonances. Masses, widths, and residues arg/eiven in wnits of Me¥, the helicit
1/2 and 3/2 photo-decay amplitudes in pnits of 10-(GeV)~"2. Errors on the phases are generally 2-5 déerees. For isospin 172 resonances
the valuas of the proton tareet are siven.

Hesonance Breit-Wizner valuas Pole values

{Mass, width) I /2 A Aap {Re Wp, —21Im Wp) R Ap Aapa
A(1232) 32+ (1233, 1199 6B —l41+£3 —2533ZX5 (1211, & 52[—47"] -—-136L£5[-18*] —=2554+35[-6"]
N{l440) 1,2+ (1485, 284 112 —60£2 (1339, 162) 33 [-98] —-66L£5[-38"]
N{ISHN 32— (1515, 10d4) 33 —19x2 41533 (1315, 113 38 [-5%] M LE3[-T] +157+6[+10°]
N{153333 12— (1347, 188) H 492 L5 (1302, 93) I6[-16"] 477 E£5[44]
N{le30) 12— (1635, 115) 38 +35L5 (1648, 30 14 [-69°] $35L£3[-167]

R.L. Workman et al, Phys Rev C 87, 068201 (2013)
A. Svarc et al, Phys Rev C 89, 065208 (2014)

ﬂ
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KN & KN Final States

[ — — 1 — — K New Guwex®~ data with {,;-'f,-.pﬂgc \
T(K'p—>Kp = §TI(KN — KN) + ETO(KN—B' KN) hadronic program via K~ induced
measurements (complimentary
program) will greatly constrain
T(K*p - K*p) = T'(KN — KN) PWAs & reduce model-dependent
T(K*n — K*n) = %T'(KN — KN) + %ﬂ(KN—» KN) uncertainties in extraction of
\strange resonance properties. /

T(K p — K%%) = %T'(EN — KN) - %ﬁ(EN — KN)

T(K)p — K3p) = % (%T'(KN — KN) + %TO(KN - KN))

- %T‘(EN — KN)

T(Kp — K%) = %(%T'(KN — KN) + %7"(1(1\' - KN))

+ %T'(EN — KN)
T(K?p — K*n) = % (%T’(KN — KN) - %TO(KN = KN))

— %T‘(EN — KN)

GLUEX:%
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How to Search for “Missing” Hyperons

e New data for inelastic K p scattering would significantly improve our knowledge
of 2*, A*, & E* resonances.

e Very few polarization data are available for any K, p reactions but are needed
to help remove ambiguities in PWAs.

e To search for "missing” hyperons, we need measurements of production reactions:

> Kip > a¥* - axA

A K?p — A" — ankZ

=* Kgp — K=* mKZ=" =) Double Strange Cascades
Q' Kip - K*K*Q!

* L)

e |f such measurements can be performed with good energy & angular coverage with
good statistics.

e Then it is very likely that measurements with K, beam would find several “"missing” hyperons.

Gui\E
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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/
.. . Limited number of K
e Limited number of K, induced measurements (1961 — 1982) /olbsgfvibll;s it:fh;per;n
2426 do/dQ2, 348 o'°t, & 115 P observables do not allow today spectroscopy at present
to feel comfortable with Hyperon Spectroscopy results. poorly constrain
160 e 180 —_— theoretical analyses.
[ ameeme KO p-K'n 713/69dp ] [ - K% p-K°%p .886dp
: — _ __;‘_ "" . i : ° Overgll systemgtics Sf
- ] [ = e, ] revious experiments
— 120 e UnPol  Pol ] B0 g o e . ) ] pre P
g I ] varies between
Z : Z X% . ’ ] 15% & 35%.
® g0 [ 1 ® 80 ° T . y Energy binning is much
otot . e . ] broader than hyperon
i j I ; ] widths.
u L 1 L = L | = L ! ﬂ 'I-i et e 01 I l—‘
1400 2400 3400 4400 1400 2400 3400 4400
150 W (MeV) 50 W (MeV) e There were no
o I‘I{“Lp—m"ﬂ '876/27dp 1 : I\I{“Lp—m*E” '441/194dp ] measurements using
- . - - - polarized target.
26 R LR 1 h“"' *., ] It means that there are
E :_:"‘:;;. . 1B | ~ ces * no double polarized
) SO 12 0 % o 2 ] observables which
© 0 (e : < . 1= [ E_: < ° - ] are critical for
' 2 T ] - 3 E I ] complete experiment
- : :  § E s . 3 program.
U:—:" =-‘E| i; .E. 1 E .- I=I-:'ﬂl g; .g. ! 3 ]
1400 2400 3400 4400 2400 3400 4400
i W (MeV) W (MeV) e We are not aware of any ‘
GueXs” data on neutron targe sz
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Data for K, .p —>Kp

e No do/d€2 data are available

10 R S 25 e for K,p—K, p below W =3 GeV.
W = 1660 MeV W = 1720 MeV _

r;:. 0.8 + KLup—thup . -L-\ 2.0 4} KLop—!Ksop _

2 2 ]

‘_E_, 06 - & 1.5

%04— - i ! - ‘% 1.0

5 02 J i“— 5 05
DD PR BRI B R .i.!ii?'l.l. ﬂn M I B R S R .E ( \
-10 -06 -02 02 08 10 -10 -06 =02 52 08 10 e PWA (KSU&GW) predictions

co3 cos 0 .

3.0 gaaraar-yreanans B B ey e at lower & higher energies
i { K/p-Ksp 1508t KooK have poorer agreement for
>Re0F 1~
e’ 1 & L —

e g oo ] \_ S #0datathan for S =0 data.
o G 04t
3 S ld
T 05 © 02 r '
b i bats Hiira

0.0 L L . 0.0
-1 -06 -02 02 0.6 1.0 -10 086 -02 02 0.6 1.0

cosfd cosf
R.L. Workman et al Phys. At. Nucl. 69, 90 (2006) H. Zhang et al Phys Rev C 88, 035204 (2013)
R.L. Workman et al Phys. Rev. C 70, 028201 (2004) H. Zhang et al Phys Rev C 88, 035205 (2013)
GLue ::“"%‘“_“: y v
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@atafor 7(£p—>72'+/1 LK p—or'A

1.2 m 17— T 1.2 T T

W = 1540 MBV . = 1620 Me“-"
— K —* — K —* .ﬁ.
3 Enp o i KE;:;A
"‘E 0.8 1 ;? 08 - i
g G
S 1 ; m(‘p—m:ol\ & KLp—>n+A\
T o4 IR i amplitudes imply that
3 | S ' :
[ ‘ piitt] their observables
ri W L 1 i1 PR I T i: | I 1 !alu L n
%16 08 -02 02 06 10 20 -06 -02 02 06 10 measured at same energy
8 ) . :
S - To S should be identical
} W = 1760 MeV 1 W = 1840 MeV ]

—~ o5 h K %pn*A T K, %p-*A | except for small
& y ., Kp-+mA 1 | .
5 2 differences due to
g 064 £03 . . . .
=} o * isospin-violating mass
G 04 F = . .
2l 1% Qllfferences in hadrons./
=1 1 =
- 0.2 0.1

1
0.0 [ L L ] 1 NI B BV i L L
-1 06 -—-02 02 0.6 1.0 -1.0 -06 -02 02 0.6 1.0

cosfh cosd
1.0‘ 1 1 1.0 1 L] 1
F = 1760 MeaV FW = 1800 MeV
05 H e ] 0.5 KA ]
T _l/ 1] 1‘”‘ 1 ' -KT’W“ 1\ 1| ® Polarized measurements
Ce)oo ' [ - 1 1| are tolerable for any PWA
osll l l ‘ ! ‘ \ Jﬁ/ ’ solutions.
_1.0‘ [ 1 1 J _ i — .-0 | 1 [} I_ 1 L
—‘;W =06 =02 0.2 0.6 1.0 -1.0 =06 -=-0.2 0.2 0.6 1.0
Gkl cosh cosf
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Data for K p— T2V & Kp — T
ﬁactions Kp—mZ0 & KLp—>nOZ+\

are Isospin selective
- — PR J - Y — PR RS (only I =1 amplitudes are involved) &
=1 2 = 2 _ 0%'0 ; . . =
_ r— _ — K p—nZ |so‘sp|n selective for1=0
E ~ j‘i whereas reactions K- p—nZ* &
E 08 ] E 08 l K p—m*X~ involve both
~ 1~ I1=0&1=1amplitudes.
- 1 S
T 04 T o4t
3 ] = e New measurements with K -beam
S LA L AL A H O AR X v LA would lead to better understanding
-10 -06 -02 02 06 10 -1.0 -06 -02 02 06 10 of 2* states & help constrain
0.5 . X . 0.4 — —cosf : amplitudes for K-p—nX reactions.
W = 1660 MeV i W = 1660 MeV
o Kp-mn's? 1 & K °pn*E® . ]
a 1 Zosf e Quality of K p data is comparable
a- 7 to that for K-p data.
- 1 oo2f It would be advantageous to
T 113 ] combine K, p data in new
k= J-g S 0.1 i coupled-channel PWA with available
] t iimdh 1 \K"p measurements.

n.ol- ' S 0.0 ' ' .
-1.0 -08B8 -02 02 0.6 1.0 -1.0 =06 -0.2 0.2 0.6 1.0
cozsd cosf

® L74iP&) lists only two results on
BRto KX  A(2100)7/2- (BR < 3%)
¥(2030)7/2* (BR < 2%).

Gui\E
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A bit of History

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

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

icl
S. D. Drerr AND M. Jacoet Hot topic!
Stanford Lincar Acceleraior Cenler, Stanford University, Stanford, California
(Received 6 January 1965)

Photoproduction of a neutral K-meson beam at high energies from hydrogen is computed in terms of a X*
vector-meson exchange mechanism corrected for final-state interactions. The results are very encouraging for
the intensity of high-energy Ks 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
15-BeV incident photons.

50 pb/sr
Yk} o~ Klw,a) 008
0.04
F1c. 1. K* exchange 3
in photoproduction. 3
E 003
[Not dominant] o (E,.p) ¥ (Epuny) -
Our motivation in carrying out this calculation is
- » - Q.01
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 o e o
available for detailed experimental studies. e, &, Centerofmass diferential cross section at 10 Be,
urve gives the Born approximation. Curve is obtaine
4 i after sub ion e j=3 partial wave, Curves (3) anc . <oiw
GLL:%?: Courtesy of Mike Albrow, KL2016 rl;mmsﬁvtlr;ctﬁ:mzfeéhﬂger ihE:: j':}l, 3, ‘;, i{,:and a]%s} fiiz &f )
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A bit of History

The possibility that
useful K, beam could
be made at electron
synchrotron by

photoproduction was

Nuclear Physics B2509-—524. North-Holland Publishing Company

PHOTOPRODUCTION OF K° MESONS
FROM PROTONS AND FROM COMPLEX NUCLEI

M. G.ALBROW ¥, D. ASTON, D, P, BARBER, L. BIRD 1,
R.J. ELLISON, C.HALLIWELL, A, E. HARCKHAM 11,
F. K. LOEBINGER, P.G.MURPHY, J, WALTERS }{ and A. J. WYNROE
Schuster Laboratories, The Universily of Manchester, :
Manchester M13 9PL
R. F. TEMPLEMAN Y
Daresbury Nuclear Physics Laboratory, Daresbury, S sar

Near Warrington, Lancs. " _-.' .

Sm—Tech _
DARESBURY >

being considered, &

prediction for
SLAC by Drell & Jacob
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JLab PR]12-17-001
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GudE e We plan to resubmit full Proposal for JLab PAC46 in 2018.
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Aims of Jlab KLF Project

e KLF project has to establish secondary K, beam line at -ggﬁ/qﬁgomqpl woray With flux
of three order of magnitude higher than SLATC & had, for scattering experiments

on both proton & neutron (first time !) targets in order to determine

differential cross sections & self-polarization of strange hyperons with S
detector to enable precise PWA in order to determine all resonances up to 3 GeV
in spectra of A*, 2%, 5%, & Q*,

e |[n addition, we intend to do strange meson spectroscopy by studies of the
ni-K interaction to locate the pole positions in I = 1/2 & 3/2 channels.

e KLF has link to ion-ion high energy facilities as @ & | il & will allow
understand formation of our world in several microseconds after Big Bang.

GLUEX:%
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CEBAF Upgrade to 12 GeV

O@Thomas Jefferson National Accelerator Facility

5 new
cryomodules

ZoN
—
)
’:4
A
e
5

/upgrade magnets
- , and power supplies

5 new cryomodules

upgrade
existing Halls .

Upgrade Goals
e Accelerator: 6 GeV = 12 GeV
e Halls AB,C: e~ <11 GeV, < 100 A
e HallD: e~ 12 GeV = ~-beam

Upgrade Status
e Reached 12 GeV in Dec 2015

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

GLUE)(‘??WW,,;, ' KL2016. Feb 2016 Overview of Hall D
10/26/2017 Exploring Hadrons with Electromagnetic Probes, JLab, VA, November 2017
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el Hall D Beam Line Set up for K-longs

. GlueX
Compact Pair Speciromefer
Pheoten Source 4 ‘_S_F' ec_:rmmerer
Beam Plug ¢ i i
Electron North LINAC i. ............... N-...E J: I
o boam | : ¥ beam ' K
g - .
beam 5 / - }‘ |
Tagger Be Targel E ________________ I
Area
East ARC
No need in LH,/LD,-target
tagging photons
Flux Monitor
| =5 pA

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

e Electrons are hitting W-radiator at CPS.
e Photons are hitting Be-target at cave.
e Ks are hitting the LH,/LD, target within GLueX setting.

GLUEX:%
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Hall D/GlueX

PHYSICAL REVIEW C 95, 012201(R) (2017)

v Z for x* and y photoproduction on the proton
=9GeV

of the beam asy

ot E,
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K-long & Neutron Rate on GlueX LIH,/LD,-target

@W e! A-h NATIONAL
GLue g MC @ 12 GeV Ol /CCELERATOR Data @ 16 GeV
Yields in Be
> ol o ™ | n =
= neutrons DINREG, with Pb shield % - T{ . Kg -]
o = - -]
& heutrons DINREG B _
LE 109 % . ? ar N
T : ,r:-_r;:::bw Klongs = - &, .
: N s | 4
o . iy, & N
i L —1 oo
§ Ty g E AR
u L T Dl .T [ ' o B
] ] h £ L O - e 3
10 - = r < ; ¢, O
i = e -
L i = [ e i 7
" Ll{lg 2 - I | +.’. ]
: fl‘ “a % n T | .: -
- 1
" 4w, & 2 ¢ 'S
: % S T |
" awe Ca @
: L | . 1 L ‘A.f. | | u.u‘ E (o} | I | |
0 2 4 6 8 10 12 0 2 4 & B 10
5 wFT P (Gevic) MOMENTUM (Gev/c)
= H FIG. 2. Comparison of the neutron and K, fluxes at
I i the hydrogen bubble chamber for 2° production with 16-
5 “. GeV electrons. A p. Brody et al Phys Rev Lett 22, 966 (1969)
10 k‘
"'\v‘ L e Delivered with 64 ns bunch spacing avoids overlap
L in range of p =0.35 — 10.0 GeV/c.
A A
A
10 H”

CuAz “:,".‘,," S e |® With proton beam, ratio n/K, = 10°-10%,
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Expected -Resolution

| ® 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 high beam flux.
e Momentum measured with TOF between SC (surrounded LH,/LD,) & RF from CEBAF.

100 SC resolution
| - W resolution 300 ps
- BDL_ /| 150 ps
0.1 > : f/
! 60|~ /
‘.'/100 ps
! 40
oos. S | =y mimmmmmm ezl L
20} 50 ps
N =6 18 2 22 24
0.5 1 1.5 2 2.5 3 : _ _ .

K, momentum [GeV/c] W™ [GeV]

150 ps & final state reconstruction

GLUEX:%
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Expected Particle Identification

e Time difference at primary " vertex”
e dE/dx for pKG. for proton hypothesis for pK using TOF.

dEdx vs p/M for proton candidates b Laighi-yarex ¥S P TOF proton

- 75 7 20 = =—- - -
E - 1w E g _ :___—_‘_ T - - Is-u
E’. 20 I B T
5 - 140 10 :.:-'_-_-__h LT —4a
1Ll - = .
=) 1sE- 120 SE
. 100 M
10— = SE- - —z0

- - 10

]

=]
th
raf
ehl
X
w
n
S

EIIIIIU.IIIIII

e dE/dx for K*=°.

dEdx [keV/c])
Pl
=

15

=
[

BT TTT
"

Gui\E
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Expected Cross Sections vs Bubble Chamber Data

e GlueX measurements will span cos0 from —0.95 to 0.95 in CM above W = 1490 MeV.

e K, rate is 10%K /s = 2500 XSLAT i
e Uncertainties (statistics only) correspond to 100 days of running time for:

+
K.p—Kgp K p—mA
H;_ — W=1650 MeV 2 o7E —— W=1540 MeV
1.2;— — W20 MeV I g Db —— W=1620 MV
1::5 " _ rlgxx 1 g ﬂ[ —— W=1760 Mev/
- i - S ospiling —— W=1B40 MeV
“E L - Expected nab
08— B - s aE i
Fee, =, R GlueX Data 0351[111 B I
04— S= ‘;'; =" - Dot IIIIIIIII 11,
E e, I, . E irpg,
o - H— - E . SRR § ¥7 1II !
02 -:3:::ii:f:""“"""= D= . nlfﬁ”u I
U:"h:'a"h'é'l\:"'iiz"'6"hlz"-i;'-:'--'t:'-ﬁ::-'é;"' bl I'“UI'I”II'HI”'I III'II II .
1 ¥ X K} 4 0 . Ll . . . L
€05{83p) 7708 06 D4 D2 10 D2 D4 06 m[:g,ﬂm;
1.0 T LA L A L 127717
W = 16560 MeV ] L ¥ = 1340 Me¥
—~08rF K. 'p~+KSp - - [ “;"P"'f;"'l /
e | " K p-+m4 |
2 o 2081 .
g BCData £
C 04 F . =
=i = -
~— ! ‘l ‘:‘“ 0.4
5 0.2 g {i =
Yl
ﬂ,u I L L " A ttii} U|u i 1 i i 1 L L 1 1 1
-10 -0868 -02 0.2 06 1.0 -1 -06 -02 02 08 1.0
GLUEX;:;““: cosd cosf
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K, p—K*2V for Double Strange

e Total & diff Xsec for different topologies

= u Kp KN : & KpKE
=1 Il il :
b £y I \ "[.

B &
———y—
.'J.
=
| 1

1 Niaa Boa ale i ML ]
B 2 22 24 206 Z8 i 2

AP P | als i ]
22 Ei .Eﬂn 23 3 12

B 2 22 24 28 23

W {GeV/c?) W (GeV/c) W (GeV/c?)
Sk Kp2KN k.p=>k'z? | | Reconstructed
”i; o | W=2.02 Gew’é W = 2.02 GV T~ +
gl [ N KA
J":":*u LH i T k Jr*_‘\.ﬂ\é\'K"W
ﬁ =1 -05—05—0.4-02 a 02 I:tl ﬂﬁ[ﬂ =1 -0p-0.-D4-02 O 02 Gd DG QGE 1 : : ' I; - - [&. - :

=1 0RO B-Gd-N2F 0 03 0d DENDE \\
cosO,, cos0 ., 050, \ Exp.ected data
“Available data

e Recoil Polarization for one-fold differential
two-fold differential

l J[. i 4 & " + - ng-

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

Vim=2.2-2.5 Gevfe

Kp - K*20 > K*An® - K*pr—n®

(measured, reconstructed)

W (GeV/c?) cosO,
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Quasi- I'mpact

PACA45 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.

ﬂPAC & GW groups \ '

will evaluate impact of

new KLF measurements

to compare available data
w/o

GuweXZ quasi-data generated

Qetector properties. /

GLUEX:%
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Pron-Kaon Interaction

e Detailed study of Kit system is very important to extract so-called Krt vector & scalar
form factors to be compared with t—Kmnv_decay & can be used to constrain Vg
Cabibbo-Kobayashi-Maskawa (CKM) matrix element as well as to be used in testing

K{(800) MASS Ka(800) WIDTH ot PD
VALUE (MeV) EVTS VALUE (MeV) EVTS DOCUMENT 1D TECN  COMMENT W
682 20 OUR AVERAGE FErr B47 =+ 24 OUR AVERAGE Errcr includes scale factor of 1.1.
826 +49 129 1338 1 449 x156 T1H 1338 18 ABLIKIM 118 BES2 J/y — KO KQatr—
849 +77 118 1421 23 512 80 T 22 1421 1920 apLiKIM 10e BES2 J/3p — KEKQaT 0
a1 30 Tl 25k 45 618 + 00 .98 25k 1921 ABLIKIM 06C BES2 Jjp — R*(802)0 kT o™
658 +13 6 557 + 24 22 DESCOTES-G..06 RVUE 7K — 7K
797 +19 +43 15k 78 410 + 43 + 87 15k 2324 AITALA 02 ET91 Dt o K- xtat
A pat>
(GLUE e
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e 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)

o= 1/2 K scatterlng P-wave phase -shift

ol ,-" LAy { Fitto t-decay from BELLE:

= £ .t 1 DR. Boito, R. Escribano, M. Jamin, JHEP 1009, 031 (2010)
) r ]
Eun - : : -
G i TK* thr 1

L% .;" L '11 " "'l . { SLAC:P. Estabrooks etal. NucI Phys B 133, 490 (1978)  “Fmi W\ iiaorarory

" 0? DX nu 1 11 12 13 14 1 S

i My (GEV)

--------------------- » 100 days of running period.

= e . \ Statistical errors are increased

by factor of 10 for better visibility.

6 (de
z
| I'l] |'l'|
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Pion-Kaon Interaction |[PKI12018]
Workshop at JLab
February 14th through 16th, 2018

The 7-K scattering enables direct investigations of scalar and vector K* states,
including the not yet established S-wave «(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 Kntrt final states. Significant progress is made lately in Lattice QCD,
in the phenomenology and in the Chiral Perturbation Theory to describe
different aspects of n-K scattering. The main source of experimental data is
based on experiments performed in SLAC almost five decades ago at 1970-80s. Organizers:

The recently proposed KL Facility incorporating the GlueX spectrometer at JLab Moskov Amaryan
will be able to improve the ©-K scattering database by about three orders of UIf-G. Meissner
magnitude in statistics. The workshop will discuss the necessity for and the
impact of the future high statistics data obtained at JLab on n-K scattering.

Curtis Meyer
James Ritman
Igor Strakovsky

4§£ﬁ?ﬂw!:9g,,mm Facllity https://www.jlab.org/conferences/pki2018/

Gui\E
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Summary

e Our goal is
e To establish KL Facility at JLab. Jefferfonlab .
e To do measurements which bring new physics.

e Here we reviewed what can be learned by studying K;p & K;n scattering leading to

two—body final states (15tstage). =
At later stages, we plan to do K;N on aka FROST with hydrogen & deuterium. ==

e 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 2%, 42 5%, & 24 Q*.

e Discovering of “'missing” hyperon states would assist in advance our understanding of

formation of baryons from quarks & gluons
microseconds after Big Bang.

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

Lo
GLusX,,_% NEW MEMBERS
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BacRup Slides

Gui&ET
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Time Request

e Expected statistics for differential cross sections of different reactions with LH, &
below W = 3.5 GeV for 100 days of beam time.

For do/dQ

Reaction Statistics
(events)
Kip— Kgp M
Kip—aTA 24M
Kip— Kt=" AM | == For P, statistics is 0.4M
Kip—K™n 200M
Kip— K 7'p M

e There are no data on "neutron" targets &, for this reason, it is hard to make
realistic estimate of statistics for K n reactions.
If we assume similar statistics as on proton target, full program will be
completed after running 100 days with LH, & 100 days with LD, targets.

Gui\E
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A bit of Strange History

Ne. 4077 December 20 NATU R & e First hyperon, A(]_]_]_G)]_/Z"’, was discovered

EVIDENCE FOR THE EXISTENCE - 1 during study of cosmic-ray interactions.
OF NEW UNSTABLE ELEMENTARY . WM - © Y Y
PARTICLES s
By Da. G. D. ROCHESTER e It led to discovery of strange quark.
AND

Dr. C. C. BUTLER

Physlcal Laborataries, University, Manchester

‘e

STEREGZO0PI0 PHOTOURAPHE SHOWING AN UNUSUAL FORE {2 b} IN THE 543, 4
TuE DIRECTION OF THE MAGNETIO FIELD 1§ SUCH THAT A POSITIVE PALTICLE =
COMING DOWNWARDSG 15 DEVIATED IN AN A\NTWCLOOEWISE DIRECTION

T 4

e Pole position in complex energy plane for hyperons has began to be studied only recently,
first of all for A(1520)3/2".

= F
-]
= 14—
Phys Lett B.694, 123((2010) Jeff;f?on'-ab 5 F
=Rl
Contents lists available at ScienceDirect 2 ] .E F
g 10—
Physics Letters B % o
= 5[
www.elsevier.comlocate/physletb —= [} :—
.
Properties of the A(1520) resonance from high-precision electroproduction data 2 -H :
: ‘ . o : A s el
a.b c d.+ d a b e e PP Tl 5O OO AP i PPl ol
Y. Qiang Y, Ya.l. Azimov <, L.1. Strakovsky9-*, W.). Briscoed, H. Gao?, D.W. Higinbotham®, V.V. Nelyubin TR T N N~ S b B e e e

Missing Mass (GaV)

Gui\E
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Quasi-Data: What to Expect When you re Expecting

| 4& e Prove motivation of JLab Proposal E-03-105
CIQS¥ | pion PhotoProduction from Polarized Target for FROST Project.
Transverse Longitudinal
Polarization [H, P, T, F] Polarization [G, E] R =u(Ayc) / u(Ayond)
| I I 1 1 I 1 | 1 l 1 I 1 I |

ST pM L ol A A .

F15 pM = * .\l\“i ._A\."'. 4// -

F15 pE B 1.//- ._AL‘_/—"’ _

F35 pM o e A A -

FSpE | ee A a -

DISOM L o~e e T ]

DISpE | '. 4 A ,4/ _

D35 pM | '-'."':/,-/ A >e .

g?ggﬁ i °‘\.A.A ‘\A i e The data generated by this work will fill

DI3pE | /.. &;i""/ _ # of gaps in existing database of

ggg’g ] w;hoJ{\ 4 — . single & double meson photoproduction.
- e A._“ . |

PI3pM | el A { - )

PI3pE | (\"/. .:a:j;f/ - e Greatest effect naturally requires

% g}EA i rﬁ‘n>‘ ] measurement of all possible quantities

T il as accomplished by FROST. |

P31 pM B 0{\'_\ 9 /A/ . n'n E:S. Strauch et al, Phys Lett B 750, 53 (2015)

St PE B /4! A A.\ - np E:l. Senderovich et al, Phys Lett B 755, 64 (2016)

SHpE L e A’ A - op E:Z. Akbar et al, arXiv:1708.02608 [nucl-ex] ’

I l L - More results are coming... ﬁ

| | | 1 1
GuX& )6 0.7 08 0.9
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Hall D/GlueX Spectrometer and DAQ

forward calorimeter

barrel time-of
Ll 'E /\/\/\/\/ calorimeter -flight &
target -

' 30 cyLHp et T N |
ReSO'UtIOnS start counter s | DeteCtOI’S

op/P~1—3% » CDC, FDC
v: 0g/E ~ 6%/VE & 2% » BCAL, FCAL
Acceptance 1° < 6§ <ph1t§r9:eam » TOF ST
_ Plans to add
tu £agfs;tren - for;var«;l) drift
WM central drift > 201 7 L3
] chamber
/ — electron . P> 201 8 D'RC
. tagger magnet Bosin superconducting
beam tagger to detector distance mEgnat
is nottoscale B=20T

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-Il 50 MHz/peak: trigger 100 kHz = DAQ = L3 farm ~ 20 kHz = tape

E.Chudakov YSTAR2016, Nov 2016 Hall D Facility 9/24 -!e—fggm Lab |
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»

Compact Photon Source

PAC45 Report:

Tungsten radiator CEBAF HatD @cu. ] ) . .
2 Permanent m&grﬁet l_.;nrhv Mxalm The CPS des,gn IS progreSSIng but detalls
eam ,;lagnostir:s volume \ Collimato . .
’ \ \ ump entrance 1“°"' - on the KL target and shielding for the

/.t" 4'. {1'."'”3

detector need to be fleshed out.

10 12 ‘4 16 18 20

10 Tungsten radiator 0.1 R.L CEBAF HalD Tagae:

Culgane sy - 0m

60 kW beam power contained

JLab CPS group is still working to make general design
which will work for both Halls D I C.
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Expected Neutron Background

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

Key Area for RadCon

Be
CPS
photons
electrons >
103 n/s/cm? in front of LH,/LD,
70 ™ LH,/LD,
7.8249 2x108 electrons - - . 99% of neutrons associated with T < 90 MeV
. - while 0.6% of them are for T > 125 MeV.
7540000, b -
Top view = Tally 1
7470 = ﬂiﬁ ve® o, . N/(MeV S sz)
i ‘! - 1.00E+06 LT d
. = | : e B LI
" 0 | _ : 2 oo ’
N N ST o "L

Main source of neutrons
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Capstick

Jetf/egon Lab

®Thomas Jefferson National Accelerator Facility
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Doenigus

Huovinen
Tsuchikawa

YSTAR

Excited Hyperons in QCD
Thermodynamics at Freeze- Out

NOVEMBER 16 - 17, 2016
Jefferson Lab
Newport News, Virginia

A workshop to dlscuss the influence of
ible “missing” h

P!

(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

WWW.JLAB.ORG/CONFERENCES/YSTAR2016/

e

atoscr o
SR 4))0LICH owpommon Jeflerfon Lab ESSA

Noumi
Bellwied

ORGANIZING COMMITTEE

Moskov Amarysn - Chalr  James Ritman, Rubr

obu U Bachum 8 IKP Jilich
Eugene Chudakov Igoe Strakovsky

Jiab WU

Krishna Rajagopal

MIT

Claudia Ratti

Univerrity of Hovsten

‘ Stroth

Tang

Ratti

https://www.jlab.org/conferences/YSTAR2016/ ;
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Liuti

Goity

Perera

HIPS 2017

New Opportunities with High-Intensity Photon Sources

This warkshop sims at prodsacing sn
optimized photon source concept with
potential increase of sclentific outpus at
Jefferson Lab, and at refining the selence
for hadrom phyxics experiments bemelitting
from such a hizh-mtensity photon source
The workshop is dedicated to bringing
together the communities direcily using
such sources for photo-production
experiments, or for coaversion into K
beams The combination of high precision
cadorimetry and high lssensity photon
sources can peovide greatly enbanced
sciwntific benelit 1o (devp) excusive
processes like wide-angle and time-{ike
Complon scattering. Potential prospects
of sueh a high-intensity sowrce with
modern polasived targets will also be
divcussed The availability of K besms
would open new avenues for hadrom
spectroscopy, for example for the
investigations of “missing” hyperon
rmsonances, with potential impset on QCD
thermodymamics and on freeze-out both in
beavy jon collisions and the early universe

Sargsian

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

Organizing
Committee:

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