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N* and A* States coupled to nN

[SAID: http://gwdac.phys.gwu.edu/]

CN
e GW SAID N* program consists of TN 7N wm) YND TN mmp Y'N->7TN  Center for Nuclear Studies

As was established by Dick Arndt on 1997 Data Analysis Center

Partial-Wave Analyses at GW
| See Instructions |

7 7 Plon-Nucleon
e Assuming dominance of 2-hadronic channels | . /. x. S JENERBENecios

N*, A% Kaon-Nucleon

H — : Nucleon-Nucleon
[N elastic & = p>nn], we parameterize \ N o BRbReaaon

Y*N->7N in terms of tN->7N amplitudes Ao, Az, Sia Plon Electroproduction

w e T Kaon Photoproduction
Eta Photoproduction
Eta-Prime Photoproduction
Plon-Deuteron (elastic)
Plon-Deuteron to Proton+Proton
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One of the most convincing ways to study Spectroscopy e
Of N* & A* iS ntN PWA Mllynz (MAID = Analyses)
Nijmegen (Nuckon-Nuckon OnLine)
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Ron L. Workman
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GW /VPI Mark Paris
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Single Pion Photoproduction

e Only with good data on both proton and neutron targets one can
hope to disentangle the isoscalar and isovector EM couplings of
the various N and A™ resonances,

as well as the isospin properties of the non-resonant background

amplitudes

e The lack of yn—>n~p and n°n data does not allow us to be as’
confident about the determination of neutron couplings relative
to those of the proton
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Where we Are now

e Some of the N* baryons [N(1675)5/2-, for instance] have stronger EM
couplings to the neutron than to the proton but parameters are very

uncertain PDG10: N(1675)5/2->py , helicity-1/2 ampl A1/2: +0.019+0.008
N(1675)5/2-->ny , helicity-1/2 ampl A1/2: -0.043+0.012

N(1675)5/2-->py , helicity-3/2 ampl A3/2: +0.015+£0.009
N(1675)5/2-->ny , helicity-3/2 ampl A3/2: -0.058+0.013

e PDG estimate for the A1/2 & A3/2 decay amplitudes of the N(1720)3.2+
state are consistent with zero, while the recent SAID determination gives
small but non-vanishing values

PDG10 SAID-SP09

N(1720)3/2*->py , helicity-1/2 ampl A1/2: +0.018+0.030 +0.0905+0.0033
N(1720)3/2*->py , helicity-3/2 ampl A3/2: -0.019+0.020 —0.0360+0.0039

e Other unresolved issues relate to the second P,;, N(1710)1 2+, that are
not seen in the recent 7N PWA, contrary to other PWAs used by the PDG10

Citation: K. Nakamura et ai. (Particle Data Group), JPG 37, 075021 (2010) (URL: http:/ /pdg. bl gov)

N(]'?]'O) Pll f[-'fp} = %E%-F) Status: 3k % 3k

Most of the results published before 1975 were last included in our
1982 edition, Physics Letters 111B 1 (1982). Some further obsolete
results published before 1984 were last included in our 2006 edition,
Journal of Physies, G 33 1 (2006).

The latest GWU analysis {ARNDT 06) finds ne evidence for this
resonance.
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SAID for Pion Photoproduction

[M. Dugger et a/ Phys Rev C 79, 065206 (2009) G. Mandaglio et a/ Phys Rev C 82, 045209 (2010)]
[R. Arndt, W. Briscoe, IS, R. Workman, Phys Rev C 66, 055213 (2002)]

(o Energy dependent SP09/MAQO9 and associated SES \/ Born: no free parameters to fit
e E = 145 - 2700 MeV [W = 1080 - 2 -

e PWs = 60 [E & M multipoles] N PWA [no theoretical input]
e Prms = 210 | Photon energy [GeV]
\*_Constraint: M = (Born + ap)(1 + iT,) + aRT,y + higher terms A== s 10 s 20 28

Yn>7np 2,432 (0 %) 5,248
yn>7n 364 (0 %) 1,021
Total 25,358 53,458

e 1st generation - (‘60—90)
10k data [85% bremsstrahlung data]
30% data is polarized
[limited coverage, broad energy binning]
e 2nd generation ('90-'10)_-> SAID fits
25k data [60% tagged data]
30% data is polarized
Dearth of neutron data

¢ 3rd generation ('10+)
New data will come from JLab, MAMI-C,

Spring-8, CB-ELSA, MAX-lab, etc T2 15 18 2.1 W
" gy 2, 5/19/2011 Nstar2011 Newport News, VA, May 2011 Invariant mass [GeV] s

p>m% | 14,052 (3 %) | 30,949 \
yp>nn 8,510 (5 %) | 16,240




Proton Multipoles for SPO9 [CLAS % & n*n data included]
[M. Dugger et a/Phys Rev C 79, 065206 (2009)]

Overall: the difference between MAID0O7 and SAID SPQ9 is rather small but...
Resonances may be essentially different

h1a A S 4 e MAID Ansatz has been used to
i \ Re Ea+ ‘E determine EM couplings
u )
B11+ \ Sll 7 & 2
% S A,/, = 100.913.0 [66] =
S - B s e
E o Cpt EHEEEER] g e Significant changes have occurred
24 m S 1 20 at high energies
.‘% P N LT a, - ) )
E " T e ] = . . .
5 - = e Comparisons to earlier SAID fits
) —— _,.Lé-f - = BW for N SP06 B ;
—2 P T — and fit from the Mainz group show
1080 G 1000 2430 1080 1530 1880 2430 that the new SP09 solution is much
7 T 2 — — more satisfactory at higher energies
P e b a/z - 3/3
E L~ Tm '-.1' P T E El+
e k] - e
4 N L. Sao
g 2l MAIDO7 | & ‘NN T =
g | SP03 s E‘ f e The statistical significance of any
j_” N s, ] :—E = ; inconsistencies with the MAID
E r IE . .
2 4 A, = 47.2+2.3 [66] B A13/32=_139'6ﬂ.8 Lo analysis cann?t I_oe determined,
g Re ! E Aqjp= —258.9+2.3 [265] as no uncerta.mtles for Photf)n
_2g P T 4 P T s e e—— helicity amplitudes estimation
1080 1530 1980 2430 1080 1530 1980 2430 have been presented
W (MeV) W (MeV)

MAIDO7: D. Drechsel et al Eur PhysJ A 34, 69 (2007)
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GRAAL X Measurements

e First tagged measurements of the7n9n°n & mp reactions
by the GRAAL Collaboration

Reac Nexp Ndta Emn Emx ®mn
(MeV) (MeV) (deg)

7°n 27 216 703 1475 53 164
p 11 99 753 1439 33 163
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New GRAAL X for yn>7%n vs. MAIDO7

[R. Di Salvo et al Eur J Phys A 42, 151 (2009)]

e 216 GRAAL Xs
are 60% of the
World °n data

~ MAIDO7

[~ Modified
MAIDO7

05| =T,
og : - | . %'r °)
'ﬂj -
1.450 1.475 No FSl included
ET) a0 150 an ) 150
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New GRAAL X for yn=>7n

[R. Di Salvo et a/Eur Phys J A 42, 151 (2009)]

e The difference between previous Pion Prod and new GRAAL ® 216 GRAALZs
measurements may result in significant changes in the are 60% of the
neutron couplings World °n data

- _ 1 s A :: & . i m‘v _ :- . -
L 1055 deg 1235 deg  {1442dep”/ |  163.4 deg
1550 1750 1950 1650 1850 1550 1750 1850 1650 1850

; w (Mev) """ MAOS <GRAALdataarein |
e S e T SPO9

MAIDO7 100 _

SP09 223 -~ - MAIDDY

MA09 3.1 --.- DTM
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New GRAAL X for yn2>np

[6. Mandaglio et a/ Phys Rev C 82, 045209 (2010)]

: - . . xZ/dp\
e Previous yn>mn measurements provided a better constraint MAIDO7 27
vs yn—>71°n case SP09 89

MA09 4.9)

I\ B | P
o By Qe R | 2 AN “’E/f?...-_

89.7 deg . /, _ 1036deg ] 1879 deg | 1499 deg
1 s 1650 1850 1550 1750 1850 1650 1850
A W (MeV)
o b e s MAO9 <GRAALdataare in |
[ [eommes] D07
; 162.7 deg .- DTM

1550 1750 1950
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Neutron Multipoles for MAO9 [GRAAL n°n & n-p data included]
[6. Mandaglio et a/ Phys Rev C 82, 045209 (2010)]

Overall: the difference between MAID07 and SAID MAOQ9 is rather small but...
Resonances may be essentially different

4 —— 3
— / \--.\7 I — —
5 e SR 5
A a 1 20 Z
B 4 2 =
E | T’n—thresho]d ] E .‘ E
212 Sip 1 - 3
[o] [e] Q
2 I 1 &= A
= - /Re L 1/2 = =
= I 1 Eo+ = 2
_20 L L 1 L L | I 1 L I _ L L L L L 1 L L L 1 L L _11 L L T L 1 L L | L 1 L L
1080 1580 2080 2580 1080 1580 2080 2580 1080 1580 2080 2580
W (MeV)
5 T — 1
— — E1/z — L
e i - 1 8
o 3 © 0 — - 3
— i —— - o
£ £ S X ] 20
o a, N g 7 B
£ N
< E 7 F E
° 21t \/ 150 ey
% % Re W a
= E | BWforaNsPOs | 3 1
T b ol P T
_2 P —
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----- SP09
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Multipole Amplitude (am)

Eo+ Neutron Multipole

[6. Mandaglio et a/ Phys Rev C 82, 045209 (2010)]

4 A L
4
LD _
4 L/
i 1 n—threshold
_12 L |
Re #
i ' BWfornN SP06
_20 I 1 1 I | I
1080 1580 2080
W (MeV)

#~ ¢ 5/19/2011

—-- MAQOS <GRAAL data are in |

- - - MAIDO7

2580
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[R. Di Salvo et a/Eur Phys J A 42, 151 (2009)]

5
& .
) .‘
T 5\ Modified
i 1 MAIDO7

-4:..I...l..‘l...l...l...I:

06 08 0 12 14
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= SRS D .:/ MAIDO7
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n—cusp is more pronounced for MAO9
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Helicity-Dependent Photoabsorption Cross Sections

on the Neutron above the A-Isobar

60 ———— — O maoe ] 20 o MA0D S ' MAO®
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& 40 Q 2
=2 I 1 3 10 - 315 i
/‘\Q 20 I i /.\g. i "\Q
o) L 4 b—' B / b_. i
lm L i | 0 P e—— (S -
s 0 ¢ T S ;
\b/ : \/ : bm 3 S =
< [ ] Z I 3 M
> Yo ) S —— S B R _10 L L L 5l I [N
0 60 120 180 0 60 120 180 0 60 120 180
0 (deg) 9 (deg) 6 (deg)
6 Y e e LV PP 7 B N o MA0S
I SPO9 yn-7m°n $PO9
700 MeV MAIDO7 1500 MeV MAIDO7

0 60 120 180 0 60 120 180
0 (deg) 6 (deg)
—-- MAOS <GRAALdata arein |

----- 5P09
-,
? 5 5/19/2011 Nstar2011 Newport News, VA, May 2011 | MAIDO7 Igor Strakovsky 13 e
.9




Sum Rules for yYN->nN - Revisited

70 — T L a9 T L L B B
—_ = MA09 2O U
=] I p :;\;)j - SP09 1 € | g;‘g;
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E R W A A g I
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CLAS for yn>np

: W. Chen et a/ Phys Rev Lett 103, 012301 (2009) : P. Mattione et a/in progress]

e Principal T~ experiments were done
at Meson Factories: LAMPF, PSI, &
TRIUMF

Complementary measurements of 1~ Photo Production,
required for an isospin decomposition of the multipoles

do/dil (ubysr)

1050 MeV

1100 MeV

1150 MeV

1200 MeV

] —
0 + t 2 + = =
i 1250 MeV 1300 MeV 1350 MeV 1400 MeV §45
4 ] =2F
vla 4! "
| 8l 4 CLAS g13 Preliminary 7\)/ y
355 1

. : SAID ,

1450 MeV 1500 MeV 1600 MeV 3:—
di 2.5H

1800 MeV

[Courtesy of Paul Mattione, CLAS Meeting 2010]

YD->pr(p), 1.2 <E, (GeV) < 1.4

o s, Sl 0 ] o
0 1850 MeV 1900 MeV 2000 MeV 2100 MeV g8 06 -04 .02 02 04 06 .
ol yn>mp | cos(f;,)
\ e No FSl included in both CLAS
gl0 & g13f statistics] data
Dﬂ 80 120 0 60 120 ( 0 ) 60 120 0 60 120 18( G13 10
g (deg 0 ® VS 5
PWA/Model: CLAS_ g10: 850 do/dQ g
FA07  [NoCLAS 7] E, = =1050=3500 Mev e broad angular coverage
MAIDO7 [No CLAS 7] O = 37-152deg e smaller errs
WE09  [CLAS 7r—is in] e i) o
— Syst = 7% e smaller energy binning
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FSI for yn>np

[V. Tarasov, A. Kudryavtsev, W. Briscoe, H. Gao, IS, arXiv: 1105.0225]

FSI plays a critical role in the state-of-the-art analysis

Prim: 5% - 60% It depends on E and 6
'\/\/V\A/\.///
Input: SAID yN->=zN, zN, NN amplitudes | iN-fsi
for 3 leading terms / V.~ vertex
.-

DWF: CD-Bonn ///”/;o -

M’\/\o:;’_; W\N\/\" T N
/\ / vertex

\.
\

T

Fermi motion included

Rysr = (dg/dﬂrp)/(dgf‘q/dﬂwp)
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FSI & yd>npp = yn>n-

[V. Tarasov, A. Kudryavtsev, W. Briscoe, H. Gao, IS, arXiv: 1105.0225]

Ydéﬂ:‘pp No fit to the data YNDTP

0 _ IA
& E, =210 MeV E, =280 MeV I E =370 MeV |RFSI — (dU/dQWp)/(dg /dQ‘n"p)|
g : : T + ! sr===2z ---- ! P .
= Pr 0 / ® @ k - | F 7 "—eli---sicgeacd
A \ ?ﬂ\ -/ -/
- - ,."“!“:“_’ - \2\\. . o8-/ 08 /
10 = 10 10 o | -
F e ek i *24 —- [IA+NNg]/IA b | |
el bbb bl g Db b b ban b b g D b s baa baa L [IA+(NN+nN)fS|]/IA =L Jll'l 0'6__|'
Q@ 30 6 %) 130 150 B 0 30 60 %0 10 150 1@ 0 30 60 ) 120 150 180 Fo) - H
o 30 o 1025 r/ _J
5 E=s00Mev| [ Em7a0Mev | F E,=1050 MeV o4 ‘/f o4y
i b o i L E,=500 MeV F E,=1000 MeV
cm—f'+ 1°:'|"_ “’5*\1 6 02_..|..|..|..|..|.. 02_..|..|..|..|..|..
Z ;,‘ L \‘ Eoy T T T T e T “o 30 80 90 120 150 1BO 0 30 60 90 120 150 180
.IU: r f X N \r TA+(NN+7N) _
e e 1’“’ TE \‘3 + * —_ ] “ ynén p AN e ! L e Ty ! I ettty
C . C E e S \ /] L/ L/
Sllae ‘:.,__vl . r T n Fof -/
N I IR T I 4 N T T i s e P IR I I TR I :,_]\4 o8 08|
9 30 B0 %) 13 150 8 0 30 60 w0 10 150 1@ 0 30 60 8D 120 150 180 i r | L ||
Ernd — L F | - |
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r r F ~ 3 F
g \ S 1 o4p 0.4 H
Ty 1 L < i 1 L !
g F N 4 : \‘\1. ' E \ 4 oL 1 / E,~1500 Mev | [ E,=2000 Mev
A N—'-‘f..—.:—__ At \w* .f . + i Y PR RPN EUN P U SR ) SN EN I P I I
e T E -::-_TTT____W 3 s g s N S S L “o o 6D 90 120 150 B0 0 30 60 90 120 150 180
Foliliitilaitd., E. . 1 L "+-T.-T -1.0 -0.5 0.0 0.5 Lo 1 T ——
0 0 B0 90 120 150 80 0 30 60 S0 130 150 180 O 30 60 8O 120 150 180 cosf [ II;"'_ TR C I,*’" Tt
™ | i
<o I'L E,=15900 Mev 08| 0.8 _—-'
- ’\\ B(ny-Ls) g - Cuts:
r |
;; TE - o6 D Ps> 200 MeV/c
: q q {
ll\'L _____ 1A There s a sizeable i. oops > 200 MeV/c
W'k ﬁ\ --- IA+ NNg; FSl effectR <1 from 04} o4
e D __ 1A+ (NN+7N) : Em2500MeY| |
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R R o 30 &0
This region narrows

DESY [Bubble Chamber data]: as the E, increases G(TI:P—CM)
P. Benz ea Nucl Phys B65, 158 (1973)
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Preliminary > Measurement\l/

Cosi; =08 to 0.7 Cosi; 0.7 ta <06

e No FSl included

Bl sapoc B MAID 07
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Preliminary X Measurement Il

Cost: 0.1 to D2 Cosi; 0.2 to D3

.||i'll'l..|"""'3,i .

He e i 1-:—"'—h45l—""§‘dr-!‘—"’|ﬂss e

Cosi 0.4 to 0.5 Cosd; 0.8 to OUB Cosik 0.6 to O.7

]
L
l.l'

- R | | R s [ T _w ' L R R 1 "?ﬂ

Cosic 0.7 to 0.8 Cesdy; 0LB to 0.0 Coslc 0.9 to 1.0

L e No FSl included ; L
R R TR R e b T s i b ' s AR

. e o

B s:poc [l MAID 07

5/19/2011 Nstar2011 Newport News, VA May 2011
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FSI for Polarized Measurements

e There were several attempts to estimate FSI for?ﬁ%n'pp

0.0 : . : ' 0.0

I ‘_,-—_-_‘,."7'" - '01 F
-0.1} 1-0.2|

erat\ | | 04 2
03 | 0.5 +

-0.6

. 4- E =270 MeV ] ?' E =330 MeV
0 30 60 90 120 150 180 0 30 60 90 120 150 180
0™ [deg] 0% [deg]

FSI: M. Levchuk ea Phys Rev C 74, 014004 (2006)
Data: prlm by LEGS Collab at BNL

o There are no estimations below and above the A-region

e The effect from FSI is small and at the lowest energy
has a noticeable impact on %
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Summary and Prospects

e There is a significant impact of the recent GRALL Z yA>nn data for
neutron multipoles

® Photo Prod measurements on the ‘'neutron’ target are necessary to
determine neutron couplings at Q% = 0 GeV?

e JLab FROST & HD-ICE, CB@MAMI-C, LEPS, CB-ELSA, & MAX-lab
data could yield surprises

e Complete experiment would make possible a direct reconstruction
of helicity amplitudes for Pseudo-Scalar meson Photo Prod

e Neutron Electro Prod measurements are necessary to determine
neutron couplings at Q2> 0 GeV? e/ J’r
_L“L._.YT.

’ﬂ

e .

/ N * I &* .'.:.

N'
Aap, Aqp, Sipp | A

GMT GE: GC
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Coming

FSl is critical to determine
Neutron Multipoles
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and Photo Prod Data on Nucleon

2 for yp>m*n, np
Y for yp=2np

E for yp> 1%

E for yp=2>7*n

E & G for yp=2np

G for yp=2>n*n,
do/dQ for yp>7*n

T, H, F, & P foryp2>n*n
T, H, F, & P for yp>7%
3, E, G, &T foryp>np, np
C, C, &P for yp>n%

P & C, for yp>7%,np
F & T for yp2>np, np
o-tot for yp>m*n

E & G for yp2>np, m*n
do/dQ & X for yp2>7%

do/dQ for yn>7np

X foryn2>np

do/dQ for yn2>np

E for yn=>np

do/dQ for yn=>7n
do/dQ & X for yn>nn
E for yn>mn

do/dQ for yn>wp, tn
do/dQ for yn=>mn

E & G for yn=>7tp, °n
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Forward Cross-Sections for n° Photo Prod

[M. Dugger et a/ Phys Rev C 76, 025211 (2007)]

[AN]

Forward [< 40 deg in CM] measurements above E = 1200 MeV
are 5% of the world data, they are Brem, and 30 years old

No Forward measurements above E = 2100 MeV

Data: Syst
e CLAS glc [2007] [ 5%]
e CB-ELSA  [2005] [15 %]
e LEPS [2007] [10 %]
o Brem before 1977

do/dQ (ub/sr)

do/dQ) (ub/sr)

(1)200 1700 2200 2700
, E (MeV)
0 ‘
0 “ (de )?20 189 pwA/Model: [No MAIDO7 & GieRen above 1650 MeV]
5 | 5 — FAO7
2425 MeVl T |MAIDO7 [No CLAS+LEPS datain] [L.Tiator, Fall 2007]
! ] —— 7~ (Gielen  [No CLAS+LEPS data in] [V. Shklyar, July 2006]

— - — BoGa [No CLAS+LEPS data in] [A. Sarantsev, Sept 2005]

There is a disagreement at forward angles

de/dQ (ub/sr)

L4 VS

0 60 120 180 o VS
8 (deg)

Forward data are sensitive to highest  [most of them are inelastic]
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New GRAAL X for yh->7n

1 .
/ oS B s S Y G- T N s S MAQO9
o ’ Y - N N ) N W 7 A N W R e SP0O9
y NG - - -MAIDO7
_).
5 027 - DTM
. 702.6 MeV 734.1 MeV
= ~ ' o o\
S
0 - e GRAAL
- 60% of the
World data

Ve

L — a1 J,f ) 1

{ IEUEA-I B}@ . 1251.1_11!5:3:? . 1 lﬂﬂﬂ.ﬂl MeV . 1 11343.'? b_!e"‘-’
= | = | 17 | T7 .

o e T 1 B W - T —J U o P

0 A L - 4 L/ \
WS T R | " Vo .
N 1 - 1 — 1

1 1|3'?'1.ﬂ HIE'J '.[424.8 hlle'-.r 1 1|449.ﬂ L%[e's’ 1 1.4?5'0 h!e'-.r

] 60 120 180 60 120 180 60 120 180 60 120 180

6 (de ‘
( % 5/19/2011 Nstar2011 Newport News, VA, May 2011 Igor Strakovsky 25




New GRAAL X for yn>np
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PDG10 for the N* Neutron Couplings

[K. Nakamura et a/[RPP] J Phys G 37, 075021 (2010)]

This work studies the region from n-threshold, where there are two closely spaced states:
N(1520)3/2~and N(1535)1/2-, up to CM energies of W = 1940 MeV, encompassing a sequence of
five overlapping states: N(1650)1/2-, N(1675)5/2-, N(1680)5/2*, N(1700)3/2-, and N(1720)3/2+

N(1440)P11:

A1/2= +40+10 PDG10 ESTIMATE
+45+15 ARNDT-96
+37+10 AWAJI-81

+30¢ 3 FUJII-81
N(1520)D13:

A1/2= -59+ 9 PDG10 ESTIMATE
—48+ 8 ARNDT-96
—66+13 AWAJI-81

—67+ 4 FUJII-81

A3/2= —139+11 PDG10 ESTIMATE
~140+10  ARNDT-96

~124+ 9 AWAJI-81

~158+ 3 FUJII-81
N(1535)S11:

A1/2= -46127 PDG10 ESTIMATE

—80+20 ANISOVICH-09A
—20435 ARNDT-96
+35+14 AWAJI-81

—62+ 3 FUJII-81
N(1650)S11:

A1/2= —-15+21 PDG10 ESTIMATE

—55£20 ANISOVICH-09A
-15¢ 5 ARNDT-96
-8+ 4 AWAJI-81

SAID MAID
PDG GWo02 2003 2007
Pp1(1440) A, /2 4010 4745 52 54
D43(1520) Ay -50 £+9 -67 +4 -85 =TT
Ag}rg -139 +£11  -112 £3  -148 -154
S11(1535) Al}.fg -461+27 -16+5H -42 -b1
S11(1650) Ay -15+21 -28+4 27 9
D15(1675) Al}.fg -43 +12 -50 +4 -61 -62
Azse | -58 £13 -71 £5 -74 -84
F15(1680) Aqyo 20 +10 20 +6 25 28
Ag}rg -33 +£9 -b8 19 -35 -38
Py3(1720) Ay 1 £15 17
Ag}rg -29 +61 -Th -31
[GWO02: R.Arndtetal PhysRev C 66, 055213 (200

[MAIDO7: D. Drechsel et al Eur Phys ) A 34, 69 (

For modified MAIDO07:
R. Di Salvo et al Eur J Phys

, 151 (2009)]

Nstar2011 Newport News, VA, May 2011

N(1675)D15:
A1/2=—-43+12 PDG10 ESTIMATE
—~49+10 ARNDT-96
—57+24 AWAJI-81
—33+ 4 FUJII-81
A3/2= —58+13 PDG10 ESTIMATE
—-51+10 ARNDT-96
—77+18 AWAJI-81
—69+ 4 FUJII-81
N(1680)F15:
A1/2= +29+10 PDG10 ESTIMATE
+30+ 5 ARNDT-96
+17+14 AWAIJI-81
+32+ 3 FUJI-81
A3/2=-33+ 9 PDG10 ESTIMATE
—40%15 ARNDT-96
—33+13 AWAJI-81
23+ 5 FUJII-81
N(1720)P13:
A1/2= +1+15 PDG10 ESTIMATE
+7+15 ARNDT-96
+2+ 5 AWAIJI-81
A3/2=-29+61 PDG10 ESTIMATE
—5%25 ARNDT-96
—~15+19 AWAIJI-81
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