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e PWA for Baryon Spectroscopy

e Pion Photoproduction.

e Pion Photoproduction on Neutron.
e Pion-Proton Elastic.

e Nucleon-Nucleon Elastic.

e Strange Hadron Spectroscopy.

e Summary.
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PWA for Baryons

e Originally PWA arose as technology to determine amplitude of reaction via
fitting scattering data.
That is non-trivial mathematical problem — looking for solution
of ill-posed problem following to Hadamard & Tikhonowv.

e Resonances appeared as by-product
[bound states objects with definite quantum numbers, mass, lifetime,
& SO on].

e Standard PWA
=> Reveals only wide Resonances, but not too wide (I"' < 500 MeV)
& possessing not too small BR (BR > 4%).
=> Tends (by construction) to miss narrow Res with IT"< 20 MeV.

1 Most of our current knowledge about bound states of three light quarks
has come mainly from tN—7ntN PWAs:

Karlsruhe—Helsinki,
Carnegie—Mellon—Berkeley,

& GW.
Main source of EM couplings is GW, , & JuBo analyses.
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Road Map to Baryon Spectroscopy
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SAID Database below 4 GeT/

SAID: http://gwdac.phys.gwu.edu/
e We update SAID databases, develop &

study PWAs, & keep current versions of (> )
phenomenological & theoretical models, GW
both those of CNS/DAC & other research (S
groups, on continual basis for relevant — Data Analysis Center —
two- & three-body reactions of interest. Institute for Nuclear Studies

. . THE GEORGE WASHIMGTOM UNIYERSITY
e In the full database, one will occasionally

find experiments which give conflicting

results. INS DAC Home
* Some data with very large x? contributions ’ mg Snﬂrgelﬁﬂlﬂl
have been excluded from our fits. Pi-N Newsletters
e Redundant data are also excluded
[these include Ctot b_ased on do/dQ Partial Wave Analyses at GW [W = 1320 to 1930 MeV ]
already contained in database] 50 650 e Inaueions]
! T— IDN-HUcieon
e Measurements of pol observables PiPiN 241,214 evts+
(P, for instance) with uncertainties | 5576 |<—— Kaon(+}-Nucleon ss.01a
more than 0.2 are not included as 47353 Nucleon-Nucleon —1
. . . . ’ r=—— Pion Photoproduction
they have little influence in our fits. Stiri [P T e 107.915
12,864 =+——— HKaon Photoproduction
(e However, all available data have been) - E:: Enﬂ:zplgag;‘::]';':imiun — 6,502
retained in da‘rc!‘base (ex”cluded e o (kA 2736
data labeled as flagged ) 4,398 =—— Pion-Deuteron to Proton+Proton

so that comparisons can be made
through our on-line facility

For n>2n, we use log-likelihood while for rest —
W, least-squares technologies.
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Pion PhoteProduclion
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World Progress in Pion PhotoProduction
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Direct Amplitude Reconstruction
in Pion Photo

¥ N> N 7]

spin: 1 % - % O e |n particle physics, helicity is
projection of the spin § onto
helicities: 2 x2 X 2/ 2 = direction of momentum, p :
Parityconservationlﬁ h S pm L eSS P b P
p=r=

|91

Therefore, there are@ independent invariant amplitudes

e In order to determine pion photoproduction amplitude [4 modules and 3 relative phases],
independent measurements at fixed (W, t)or (E, 0).

e This extra observable is necessary to eliminate sign ambiguity.

SEPTEMBER. 1995

one has to carry ou

PHYSICAL REVIEW C VOLUME 54, NUMBER 3

Ambiguities in the partialwave analysis of pseudoscalar-meson photoproduction

Greg Keaton and Ron Workman
Department qf Physics, Virginia Polytechnic Institute and State University, Blacksburg, Virgimia 24061

(Received 19 April 1996)
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Complete Experiment for Pion Production

e There are 16 non-redundant observables.
e They are not completely independent from each other.

Linear
Polarized
Beam

Nucleon Recoil

Circular . .
Polarization

Polarized
Beam

1 un-pol measurement: do/dQ
3 single pol measurements: 2, T, P
12 double pol measurements: E, F, G, H,
c.C,0,0,L,L,T,T,
18 triple polarization asymmetries
[9 for linear pol beam]
[9 for circular pol beam]
13 of them are non-vanishing

Longitudinally Polarized Nucleon Target .
. A. Sandorfi et al. AIP Conf. Proc. 1432, 219 (2012)
Transverse Polarized Nucleon Target K. Nakayama, private communication, 2014
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Importance of Neutron

e EM interaction do not conserve isospin, so multipole amplitudes contain
isoscalar & isovector contributions of EM current.

Proton Neutron
4 — — \
An:“p = A +1 472 42 £ 4, = my L 2 4312
Aﬂ:‘,?I = JE(A0+%A1!2_%ASIZ) Aﬂr’p _ JE(AO_%A1!2+%A3! )

\_ o / /
° Protcy@alon%es not allow separation of Q: Can we avoid? A: NO!

isoscalar & isovector components.

e Need data on both proton & neutron !

» D. Drechsel & L. Tiator, J. Phys. G 18, 449 (1992)
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GW <= SAID for Pion PhotoProduction

— Data Analysis Center —

Institute for Nuclear Studies

THE GEORGE WASHINGTON UNIVERSITY P. Mattione et ai, Phys. Rev. C 96, 035204 (2017)

WASHINGTON, DC

/* Data driven (model independent) analysis N
e Energy dependent MA27
e E = 145 - 2700 MeV [W = 1080 - 2460 MeV]
e PWs = 60 [EM multipoles] [T < 6]
e Prms = 210
( gl Born [no free parameters to fit] 7wN-PWA [no theoretical input]

Reaction Data (Pol)

Yp—np 25,540 (23 %) | 55,529 34,499 data >
Yp—omn 8,959 (38 %) | 20,736

Yn—mp 11,590 (4 %) 16,453

—— 364 (59 %) | 1,540 |n9>4data >
Total 46,453 94,258

eThere is disbalance between n° & w* data Pion photoproducticii an the neutron
much less known, 35%.
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Photo-Decay Amplitudes in BV &

Pole Forms

e Pole is main signature of resonance.

. ' 2 2n(2J + DWW
(g)=c (LT LILT g @ [ e Res
k, myTr, « kr, munRes;
A

Evaluated at
Pole

Evaluated at
Res Energy

TABLE L. Breit-Wigner and pole valpes for selected nucleon resonances. Masses, widths, and residues are/eiven in units of MeY, the helicity
1/2 and 372 photo-decay amplitudes infunits 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-Wiener valuas Pole values

(Mass, width) Tx/2 Az Az (Re W, —2Im W) Ra Al A
A(1232) 372+ (1233, 119) 60 —141+3 _25845 (1211, 99) 52[—47"] —136+£5[—18°] —25543 [—6%]
N(1440) 172+ (1485, 284 112 602 (1339, 162) 18 [—08°]  —66+ 5 [—38°]

N(I520)3/2-  (I515, 1d) 33 102 415343 (1515, 113) A8 [—54]  —MLEI[—T] L1576 [+10°]
N(1535) 1/2- (1547, 188) 3 10215 (1502, 95) 16 [—16°]  +77£5[+4]

N(1GS0) 1/2- (1635, 115) 3B 13545 (1648, 809 14 [—69°] 435 £3[—16°]

R.L. Workman et al, Phys Rev C 87, 068201 (2013)
A. Svarc et al, Phys Rev C 89, 065208 (2014)
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PHYSICAL REVIEW C 93, 055209 (2016)
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T and F asymmetries in n° photopreduction on the proton

J.R. M. Annand,' H. J. Arends.? R. Beck,? N. Borisov,* A. Braghier,” W 7 ~ “herepnya,’ C. Collicott,®
S. Costanza,” E. J. Downie,>® M. Dieterle A.Fix,)° L. V.Fil’ knv T ﬂ }) W, Gradl,? G. Gurevich,'?
P. Hall Barrientos,'! D. Hamilton,! D. Homnidge, i D v - arov,>” 1. Keshelashvili,?

R. Kondratiev,'> M. Korolija,'"* B. Krusch= ° # .. . MacGregor,' J. Mancel,! F
D. M. Manley,' P. P. Martel,>'" E. *D\' - - R, Miskimen,"” A. Mushkarenkov,>? F
A. Neganov,* A, Nikolaev,> M. Oberle & F .., r B.Otte,? B. Oussena,>® P. Pedroni,” A. Polonski,!? E
V. V. Pol)ranskl, S. Prakhov,"” G. T‘ _,.yan," AL Sart_\r,E S. Schumann,’ O. Steffen,” L. L. Strakcvsky.° r
Th. Strub,” L. Supek,'® L. Tiator, .uas,” M. Unverzagt,” Yu. A. Usov,* D. P. Watts,!! D. Werthmiiller,"-* . B . . . .
L. Witthauer,” and M. Wolfes? o

By =125 5° By = 140 £ 10°

(A2 Collaboration at MAMI)
W = 1305-1383 MeV (W =1322-1841 MeV
0 = 75-140°

0 = 30-152° i

O ’ r sal " le F%
| n0p: 397 T & 397 F \T_P: 45 Cx R (i g
9;=Eﬂ-n _0'55_ vz + a E_ 7
T _1...|...|.‘.|...|...|....I...I\TI...I...I....I...\..I.I...I...I.

600 800 1000 1200 1 600 800 1000 1200 1400 600 800 1000 1200 1400
E, (MeV)
PRL 112, (22501 (2014) PHYSICAL REVIEW LETTERS 17 JANUARY 2014

Measurement of the 'H(¥,5)z" Reaction Using a Novel Nucleon Spin Polarimeter
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PHYSICAL REVIEW C 88, 065203 (2013)

Beam asymmetry I for z+ and z° photoproduction on the proton for phC IOS°
from 1.102 to 1.862 GeV ’
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Single Pion PhotoProduction on
’ Target

e Accurate evaluation of EM couplings N*—yN & A*—yN from
meson photoproduction data remains paramount task in hadron physics.

e Only with good data on both proton & neutron targets, one can hope

to disentangle isoscalar & isovector EM couplings of various N*&A”
resonances, K.M. Watson, Phys Rev 95, 228 (1954); RL. Walker, Phys Rev 182, 1729 (1969)

as well as isospin properties of non-resonant background amplitudes.

e The lack of yn—m~p & yn—nn data does not allow us to be as confident
about determination of neutron couplings relative fo those of proton. *

(« Radiative decay width of neutral baryons may be extracted from A
n- & m° photoproduction of f neutron, which involves
bound neutron target & needs use of
model-dependent nuclear (FST) corrections.

\ A.B. Migdal, JETP 1, 2 (1955); K.M. Watson, Phys Rev 95, 228 (1954) j
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FSI for yd —> tpN = yn —> 7N

V. Tarasov, A. Kudryavtsev, W. Briscoe, H. Gao, IS, Phys Rev C 84, 035203 (2011)
V. Tarasov, A. Kudryavtsev, W. Briscoe, B. Krusche, IS, M. Ostrick, Phys At Nucl 79, 216 (2016)

o FSI plays critical role in state-of-the-art analysis of yn—nN data.
e For yn—7N, effect is 5% — 60%. It depends on (E,0).

\Ql
Fermi motion of

nucleons included

Input: SAID: yN—7N, tN—7nN, NN—NN
amplitudes for 3 leading terms.

DWEF: full Bonn NN Potential
(there is no sensitivity o DWF).

= (do/dQu)/(do"* [dDmp)] == | Zm) =B (00)
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FSI for yd— mpp=yn— 1 p

V. Tarasov, A. Kudryavtsev, W. Briscoe, H. Gao, IS, Phys Rev C 84, 035203 (2011)

@15 )

s e [ o For CLAS data:

Rpgp = (do/dQmp) /(do’ /dQrp) sl e FSI correction factor R < 1.
Cuts: CLAS g10 & g13: i e Behavior is smooth vs. 0.
p, < 200 MeV/c E >0.5GeV e o Effect: Ac/c < 10%.
ps < 200 MeV/c 0> 30 deg F E,=1000 MeV

PN IR R IR P (PP IRV S PN S P

/ [i1¥] 80 120 13 1B O 30 L] 0 120 130 180

e There is no large sensitivity to cuts.

a:-

A N

o5 L There is sizeable FSI effect
r from S-wave part of pp-FSI
i at small angles.
a6 —
i o, . .
o \ Region narrows as E increases. )
E,=1500 MeV E,=2000 MeY
. . . N B BRI PR B
(Prewous estimation \ 30 120 150 180770 30 60 90 120 130 180

of Glauber FSI
gave order of 15—-30%.

1

—- [IA+NN.]/IA
__ [IA+(NN+zN) ]/ 1A

W. Chen et al,

-

Phys Rev Lett 103, 012301 (2009)

_J

E,=2500 MeV

-||||||||||||||||| PN N T T N T T O T Y
D‘zﬂ 0 a0 90 120 77 =-02> T 1] a0 120 180 18D
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CLAS g13 Impact for Neutron
S=0¢el1="% Couplings

P. Mattione et al, Phys. Rev. C 96, 035204 (2017)

e Selected photon decay amplitudes N*—yn at resonance poles
are determined for the first time.

&

Moduli & phases

O

BW neutron photo-decay amplitudes

Resonance |Couplingl” MA27 ﬁ GB12 BG2013 |MAID2007|Capstick| PDG 2016
modulus, phase [g10] [g10]
N(1440)1/2%| Ayz0(n) | 0.065£0.005, 5°£3° | 0.048+ 0.004 | 0.043£0.012|  0.054 -0.006 | 0.040£0.010
N(1535)1/2 | Aysa(n) | -0.0554£0.005, 5°£2° |-0.058+ 0.006)-0.093+£0.011] -0.051 -0.063 |-0.075£0.020
N(1650)1/27 | Ayya(n) [0.014£0.002, -30°£10°|-0.040% 0.010] 0.025£0.020 0.009 -0.035 [-0.050£0.020
N(1720)3/2% | Aypa(n) | -0.016::0.006, 10°+5° -0.080£0.050] -0.003 0.004 [-0.080%0.050
N(1720)3/2% | Assa(n) \gﬂlu’i&m& !}n“ilz| -0.140£0.065] -0.031 0.011 |-0.140+0.065
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CLAS g14 I'mpact for Neutron
S=0¢elI="% Couplings

D. Ho et al, Phys Rev Lett 118, 242002 (2017)

BW Anuz (1073 Gev1/2) Ana,fz (107 GeV13)
g14 PRL previous g14 PRL previous

SAID
N(1720)3/2* -0 +2 -21 4 +19+2 -38 £7
N(2190)7/2- -6 £9 - -28 +10
BnGa
N(1720)3/27 thd -80 50 thd -140 65
N(2190)7/2- +30 =7 -15 +12 -23+8 -33 £20

e | =3/2 waves ~ unchanged ¢==$ determined by proton data.

e Inclusion of these g14 data in new PWA calculations has resulted in revised
YN couplings &, in case of N(2190)7/2-, convergence among different
PWA groups.

e Such couplings are sensitive to dynamical process of N* excitation & provide
important guides to nucleon structure models.
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MAX-Lab for yn— 7r"p at Threshold

B. Strandberg et al, in progress

e It is difficult task to measuremp final state close to threshold.

e We measured 1° decay in to 2y from yn—n p—nn.

v+ °H—- w+2p

+ Lund (Strandberg PhD)

— — Tarasov (preliminary)
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Sforyn —=map
D Sokhan et al, in progress

clos°§

IID i Li L i Lii Li T
E- 8474 Moy E:ifﬁﬁﬁ Ney T
*
0.0 “{\j/ £
No FST included i Ee IOLJI/I;'
o a & E=1050.0 MeV

2 0.0

E=11817 MeV | E 1257.5 MeV |

ID . : E—”BEA MeV IE‘:I"94 MeV
'/ S i 60 90 120 150 180
SAID — T | .
0.0 X 3 ~ ¢
E=1354.5 MeV E=1433.8 MeV
E—I351 3 MeV E— I4359 MeV
“100" 60 90 120 150 0 B0 90 120 150 180

f(deg)

Courtesy of Daria Sokhan, 2018

9 7/16/2018

PWA10/ATHOS5 2018, Beijing, China, July 2018

G. Mandaglio et al. Phys. Rev. C 82, 045209 (2010)

William Briscoe 27 s



FSI for yd — n%np = yn— 7% &l yp — 7%

V. Tarasov, A. Kudryavtsev, W. Briscoe, B. Krusche, IS, M. Ostrick, Phys At Nucl 79, 216 (2016)

gg;fﬂ:uwsr 5 vp — w p(solid curves)
" / \ Y7 — 7°n(dashed curves)
(o Yn—7°n case is much more h : A
complicated vs. yn—mwp °F As=0 A(1232)3/2+
because 7° can come from o 60 120 18
\_ bothyn & yp initial interactions. ) o/, st
af LR \
A(yp — ) = 4, + A, R /\
A0 H——
Alyn —mn)=4,— 4, ! -—---J :43 ?z_:(? I N(1440)1/2+
N (i8] 120 180
e The corrections for both target do/dS, pbist
nucleons are practically identical g
for 0 production in energy range 3 /
of A(1232)3/2* due to 2 /\\ /
isospin structure of YN—nN =" A, # Ii] N(1535)1/2-
amplitude. A, =0o0r A, =0 i ity
— R, B, deg

e In general case, Rn ?E Rp
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2 Meson Production off Deuteron at CB@MAMI

V. Kulikov et al, in progress

e Differential cross sections for yn—>ﬂ:°n.

; <§:S&DMBV ) SD Ey - 400 MV " Ey : 450 MeV Ey: 500 MeV E= 180-800 MeV
: i i S 7°n: 589 do/dQ
g g g
B 51 s
1
160 i ﬁ aF m
10F 2 6 = %g
1 | 1 5 1 | L ‘, L 1 L ) 1 | 1 X . NeW dc/dQS by Az
1 05 0 EEI&EGBWHJ -1 05 O {:Ddga 7';ﬂ1 (N\, i 05 O 26‘;8“‘“”1 1 -0k 0 :?E-gﬁmn"-l Contrlbut|on |S 160%
0 Ey : 550 MaV g E']'Zﬁﬂﬂh&ev 1 . <E"|'2550MBV > to previous World
= g4 == Data A2 n°n data.
g% g I
3 8 = SAID
5E
i > == MAID
3_
4 FST included |

.f 1 1 1
-1 05 0 05 1
cosa, <

* Data up to E=1500 MeV are coming. Courtesy of Slava Kulikov, 2018
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Search for narrow resonances in x p elastic scattering from the EPECUR experiment
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Aims of Jlab KLF Project

e KLF project has to establish secondary K, beam line at Jeffzgon Lab

@Thomas Jeffer: al Accelerator Facility

with flux of three order of magnitude higher than st Az 2. had
e for scattering experiments on both proton & neutron (first time !)

targets in order to determine differential cross sections &

self-polarization of strange hyperons with GweX detector to

enable precise PWA in order to determine all resonances up to

3 GeV in spectra of A*, X%, =%, & Q*,

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

e KLF has link to ion-ion high energy facilities as @ & "““""‘ﬁ"“ & will allow understand
formation of our world in several microseconds after Big Bang.
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e Hall D Beam Line Set up for K-longs

Compact s GlueX
Photon Source pecjr‘mme:er
Electron North LINAC i. ............... \. i
> H i 7]
& bt | ¥ beam .
beam § /f ]‘ |
Tagger Be Target |
Area
East ARC
No need in LH,/LD,-target
tagging photons
Flux Monitor
| = 5 “’A

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 K;s are hitting the LH,/LD, target within GLueX setting.
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Expected Cross Sections vs Bubble Chamber Data

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

e K; rate is 10*K;/s = 2500 x SLAE i
e Uncertainties (statistics only) correspond to 100 days of running time for:

K.p—Ksp Kp—m*A

= r ) F
6' GEANT4§ 3 —— W=1060 M/ s o7E —— W40 Mev
Ablds o § 120 — W=1T20 MeV [ 5 osf —— W=1620 MeV
. 3L —— W=1750 MeV = z ﬂ ——— W=1760 MeV
! 8 L5 . W=1840 Mev S sl —— W=1B40 MeV
- I C II
- L 2 x’ & F IIIIr
e o Expected beE iy,
06 B ;o n_3f— g
:_‘.1_-" =l‘:| --- .' GIueX Data EI[IIIIII 1 xxr1 I
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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 RIS '

It would work even better for &, 5, &, splittings, ... ——
L Particle .J status  =x AK EK E(15330)x Other channels
& should be very good for (2, QO , O, splittings. (315) 12+ wees Decays weakly

1530) 324+ +#+¢  wxws
1620) * ®
1680) EE] $5E %

1820) 3/2— == % FHE % e
1950) E o] ** %%

=
=
fg;g =
o JefferSonLab  can do double cascade spectrum. )
2030 Eee] e e
{
(
{
(

As LHCb is domg double charm cascade spectrum.

2190) * *

[l (o) fe] £ fed fe) [e) [o] [e] [e)

2250) *% 3-body decays
E.(2790)1/2—E (2815)3/2~ =55 T .. Sbody decnye

R. Aaij et al, Phys Rev Lett 119, 112001 (2017)
. GLuE ;:‘;““:
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Why We to Focus
on K with to Kk Meson in JLab

e KLF proposal will have very significant impact

in our knowledge of Kit scattering amplitudes g DreitWienectie punmeterzations). d
in scalar | = % channel. Lol v —C—
dbh Powyecin el &, T l
-150 @ Descetes-Genon et al, n
N Pié resuli
. 8 Confornusl CFDr
e It will reduce by more than factor of two — $ DPibweRodeHiR _ T i
uncertainty in mass determination B — ot L
& by a factor of five uncertainty on its o1-230- | =
. . . 1 L A -
width (and therefore on its coupling) ool ﬂl-_ |
of controversial or k(800). 1l '
350 -
e Neutral kaon beam scattering on both proton -/ | | | | 1
m 1 1 1 1 1

& neutron targets at low t-Mandelstam will s T MMy 80 500
allow to produce & identify

all four isospin partners of k(800).
Expected KLF result

GudEr
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Proposal for JLab PACYS
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M. Bashianey ', & Brravov®, T. [ Beabic™, R Bellwicd™, V. V. Berdnikav®, V. Bermard®,
T. Black"™, W. Boeglin®™®, M. Boer”, W L Brisooz™, T Brittes™, W. K. Brocks™, B. E Cannen™,
M. C20™, E Chudskav™, G. Colanpela®, P L. Cele™, & Coke?, OL Cantes-Beazma, V. Crede',
3L WL Daltan™, T Denicls'®, I Day™, B Dogtyanenka™, A Deur’®, 5. Dakbs'™, G Dodie s,
A G, Delpokenka™, M. Déricg™™, M. Dupper!, B Defygadle!!, 5. Bidelman™*, B Edwards™,
K Egiyar™, A Emst™, A Eskandarian®™, P Buperie', C Farelli, 5. Fegan™, A Filippi™=,
A M Foda™, L Frye™, & Fudetov™, L. Gan™, & Gasparyan™, 4. Gavalian™,
ML Gawshein™®, M. Govargyan®™, . Gleasen™, 1L L Glazier'™, L Gaig™'®,
V. 5. Garyachew™, K. Gateen'®, AL Goncalves™ , L. Gua®™, FL Habereett™,
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0. %L Huber™, AL Hurlkey™, © E Hyde™, T. Hem®, I Gl Beland', ML [o®, R Jafe™,
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W Li¥, K. Livingsten™, B. Lin®, G. L Lelos™, V. E. Lyohmoviski? & =555 0 Mack™,

B Mai'¥, I 3L Manley™, M. Mazauz?™, H. Maukyan®™, V. Mathics™, M. Mateevi®,

W Matveoy™, ¢ McCaughar™, W, MoGinley ", 3 McCracken’, L Mclnbyre®,

LL-G. MeiBner™™, C A Meyer™, B Miskimen™, B E Milchell™, E Mokaya®, V. Mokeor™,
C. Momingster®, B Mousszllam™, F Merding™®, B. Nakayama'®, Y. Oh™, . Omenavic™™,

FL Dsmnanewic™, A. Ostroy idav!®, Z. Papandreau™, K. Park™, E Pasyuk™, 8. Patsy uk™,
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K. A Schumacher”, O Schware '8, 1. Schwiening'®, A. Y. Sormenoy™, L A Semenava™,

B K. Seth®, 3 Shen™, M. R Shopherd™, E. 5. Smith™, I, L Scber®, D, Sokhan!”, A Semen™,
8. Semov™, [ Sete™, M Staib’, L Sehew™, LR Sevens™ L L Strakevsky " AL Bvare™,
® 203 researchers from A B paniak ™A W Tarasey ™5 Taylor®, A Teymurmyan™, A Trabelsi®?, (3. Vasileiadis®,
. . [ Watts'™, I, Wenthmidller'™, T Whitlaheh™, N. Wickramasrachehi®, ML Williams™,
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are co-authors.
Cue e Full Proposal was submitted for JLab PACA46 .
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