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3 generations of quarks
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0.0.1 The spin wave function

S=3/2: M fully symmetric
S=1/2: %(Ti — 7 mixed symmetry

0.0.2 The flavor wave function

SU(2) @ SU(3) = SU(6).
60®R 6® 6 =565 70 B 700 D 204

56 = 410 @2 8.
70=210p 8?8 ?1.
20 = 28 P “1.
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(56,15) S1 S=3/2%L=1;N=1 | A;,,-(1900)  Ag/,-(1940) Az (1930) 1950 MeV
Sy S=1/2L=1N=1 | Ny,,-(1895) Ny, (1875) 1866 MeV
3 band | (70,35) S3 S=1/2;L =3;N=0 Ag/p-(2223) A, p-(2200) 2223 MeV
Ss S =3/2;L=3;N=0 Nj /2 (2150) Ngja_(2060) N o (2190) Ny jo-(2250) | 2223 MeV
Sy S=1/2;L =3;N=0 2151 MeV
(56,35), (20,33), (70,25), (70,15), (70,15), (20,13): Many states predicted, no candidates known
(56,29) S1 S =3/%L=2N=0 | A,+(1910) A5+ (1920)  As/5+(1905) Ao+ (1950) 1950 MeV
Sy S =1/2;L=2;N=0 Ny o+ (1720) Ny o+ (1620) 1779 MeV
(70,25) S3 S =1/2;L=2; N=0 Az o+ Ao+ 1950 MeV
Ss S =3/2;L=2;N=0 | Ny/5+(1880) Nj/»+(1960)  Ng,5+(2000) N5+ (1990) 1950 MeV
Sy S=1/2;L=2;N=0 Ny o+ (1900)  Nj o+ (1860) 1866 MeV
2" band | (20,1F) Se¢ S=1/2;L=1;N=0 | Nypt Ny o+ ~1800 MeV
(56,05) S1 S =3/2;L=0;N=1 Ay o+ (1600) 1631 MeV
Sy S =1/2;L=0;N=1 | Nyy+(1440) 1423 MeV
(70,03) Sz S=1/2;L=0;N=1 | A+ 1631 MeV
Ss S =23/2;L=0;N=1 Na o+ 1631 MeV
Si S=1/2;L=0;N=1 | Nyp+ 1530 MeV
(70,17) S3 S=1/2%L=1;N=0 | A, (1620) Ay, (1700) 1631 MeV
1°% band Ss  S=3/2L=1;N=0 | Ny, (1650)  Ng,,—(1700) Nj - (1675) 1631 MeV
Si S=1/2L=1;N=0 | Ny;,-(1535) Ny (1520) 1530 MeV
Ground | (56,0) S1 S =3/2;L =0; N=0 Az o+ (1232) 1232 MeV
state Sy S=1/2;L=0; N=0 Ny 2+ (939) 939 MeV
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N*- resonances in the quark model

U. Loering, B. Metsch, H. Petry et al. (Bonn)

Nukleon
105 m
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0.0.3 Baryons on the lattice

MeV 50} - N* _ A*
Z [ l:| | 1 R.Edwards et al.,
3010  1slmD @ - @ | arXiv:1104.5152 [hep—
O O] = e S = = |
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2676 1.6-@D i = - = l%'i’:’r::
[ |
2341 ¢ 1.4 p— ,m == =
E R E = | = ;
2006 S 12f 4 5 3 1] = =
= =
[ | 88 = I
[ | == 011
1672 101 T T | |
- : = A(1232) :
i [
1338 08f N©38) | i My = 400 MeV
1003 0.6f 1+ 3t 5t z+: 1= 37 57 17 1+ 3t st o7t 1- 3= 5 1-
[ 2 2 2 2 1 2 2 2 2 2 2 2 2 1 2 2 2 2
a Lattice and quark models predict more states than observed (missing resonances)
b Lattice and quark models predict even-odd staggering (exp . parity doublets)
¢ 3/27:5 states expected, IN(1720)3/21, N(1900)3/27, tentative IN(1960)3/27,
N (2200)3/2F
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Before recent time our knowledge of baryons is based on the an alysis of

7wN — wN data

Hoehler et al.(Karlsruhe-Helsinki), Cutcosky et al.(Carn  egie Mellon), Arndt et al.(George Washington)
The latest analysis of SAID (GWU) of 7N elastic data as wellas ~vyp — 7T0p and yp — 71 n did

not confirm the set of states observed in earlier analysis of

7N elastic data. CLAS (M. Dugger et al.). Phys.Rev.C79:065206 ,2009.
State PDG (Pole position)(MeV) Bonn-Gatchina PWA (MeV)
Mass Width Mass Width
Py1(1710)*** | 1720450 | 2304150 | 1687+ 17 | 160 £ 25
P33(1600)*** | 15504100 | 3004100 | 1500425 | 2304 50
P33(1920)*** | 1900450 | 2007:0° | 1890430 | 3004 60
D13(1720)*** | 1680+50 | 100+50 | 1770 £40 | 420 + 180
D13(1875) 1860 + 25 | 200 £ 25
P11(1880) 1860 + 35 | 235+ 65
S11(1895) 1900 + 15 907139
P13(1900) 1900 + 30 | 2601 50°
D15(2060) 2040 + 15 | 390 + 25
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The fit of the the 7~ p — K A reaction

o8 L — Fit

Full experiment for 7N — KA: — e
. . . . 0.7 I ____ 3/2+4a
differential cross section, analyzing o2
06 [ ___ 5/2+all

power, rotation parameter. ;
05
A clear evidence for resonances which

are hardly seen (or not seen) in N
the elastic reactions : N(1710)P;q,

N(1900) P,

03 [
o2 | 1

o1 [
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The total cross section for the reaction 7 p — K OA and contributions from leading

partial waves.
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The fit of the the 7~ p — K A reaction
(differential cross section)

do/dQ, mblst P da/dQ /sin®, mb/sr

1632 L 1661 ] 1670 FW,,=1633 W, =1661 W, =1683
i B, rad
g : :
25F 2 3
or M M W M
-2.5F ’% - o 1
! sEW=1851 | fW=1040  fW=2030
g3 3 -7
2'52_ w_ +¢ 3 m
¢¢ Oi— o +¢ i_ 4, ¢¢ E 3
; -25F 3 ++- ¢
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sE 05 0 05 05 0 05
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of i
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¢ S E_W:|2261| 1 COS e
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Meson Photoproduction experiments

e GRAAL (Grenoble): Polarized beam. Ideal for the beam asymme  try and double
polarization observables for hyperon final states.
vp — 7¥p, np, KA, KX, m°7%, m%p, wp, yn — 7n, nn.

e MAMI (Mainz): High statistic, very good detector of neutral particles: (Crystal Ball):
vp — 7, KA, K3, 797, n%np, yn — nn, 7%n, 77, 7nn.
Energy is only up to W=1.85 GeV. Analysis: MAID and Bonn-Gatc  hina.

e CB-ELSA (Bonn): Moderate statistic, very good detector of n eutral particles:
(Crystal Barrel): vp — 7'('0]?, np, 7r07r0p, 7r077p, wp, Yn — Nn, ™n. Energy is up to
W=2.3 GeV. Analysis: Bonn-Gatchina.

e CLAS (JLAB): High statistic, very good detector of charged p articles:
vp — mn, KA, KX, 777 p, wp. As missing mass data yp — 7°p, np.
Data on deuterium target . Energy is up to W=2.5 GeV.
Analysis: EBAC, SAID and recently Bonn-Gatchina.

11
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e The main task: search for new baryon resonances
e Polarization data are sensitive to weak signals
e Double polarization data are available C,,C,,0,,0,, E. G, H .

e Double polarization observables (assuming X Z is the reaction plane)

Photon Target Recoll Target + Recoll
/ / / / / / /
— — — — X Y z €T X z z
— €T Y z — — — X z X z
unpol. oy 0 T 0 0 P 0 T, — L T, L,
lin.pol. —> H —-P -G Oy T O, — L, T, — L —T,
circ.pol. 0 F 0 —F | —C, 0 —C 0 0 0 0

12
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The main baryon partial wave analysis groups

e SAID (GWU,USA): Analysis of elastic 7V data in K-matrix approach. (energy
independent method). Energy dependent analysis of vn — wIN,nN final states.
Parameterization of partial waves as a K-matrix/P-vectora  pproach.

e MAID (Mainz): Energy dependent analysis of photoproductio n dataon /N to IV,
np, KA, K3.. Parameterization of partial waves as sum of Breit-Wignera  mplitudes

with dispersion corrections. Development of energy indepe ndent approach for
photoproduction.

e Bonn-Gatchina: Energy dependent analysis of pion induced ( inelastic) and almost
all photoproduction data. K-matrix/P-vector and now N/D-d ispersion approach.
Minimization: X2 for 2 body final state and maximum likelihood for multi-body fi nal

states. Development of energy independent approach for pho toproduction.

e Juelich group: Energy dependent approach. Pion induced dat a (elastic and
inelastic), yp — wNN (all data) and vp — K A (low energy). Unitarity, analyticity and
chiral constraints.

e Other PWA groups: OSAKA (T. Sato), Giessen (V. Shklyar), M. M anley (Kent Uni)

13
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Baryon data base

DATA MAID SAID BnGa

N — mIN ampl. | SAID energy fixed | all data SAID or Hoehler energy fixed
vp — TN 22 B T,P,E +G,H,E

yn — TN 22 BT, P 2 8.1, P

Y — nn g—g, >

Yp — np 22 B, T LEASS 22 %, T,P,H, E
vp — KTA do P - 4o ¥, P,T,Cy,C., 04,0,
vp — K30 do P - 4o %, P,Cy, C,

vp — KO¥T - - do %, P

™ p— NN — g—g g—g

7~ p— KOA - - do P,f3

mp — KO%° - - do P

1tp —- Kt¥t - - do P,f3

™ p — mO7m0n — — g—g

vp — 7070 - - do S, E, 1., I,G
Yp — Tnp - - do %, 1., I

Yp — wWp — - j—S,E,E,G, pgj?ﬂ%j?/)%j

14
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Bonn-Gatchina partial wave analysis group:
A. Anisovich, E. Klempt, V. Nikonov, A. Sarantsev, U. Thoma
http://pwa.hiskp.uni-bonn.de/

@ = Bonn-Gatchina Partial Wave Analysis

Address: Nussallee 14-16, D-53115 Bonn Fax: (+49) 228 / 73-2505

Data Base Meson Baryon NN-interaction
e Spectroscopy Spectroscopy
Analysis of Other Groups BG PWA
@SAID @Publications
@MAID ®Talks
@Giessen Uni @Contacts

CB-ELSA Homepage

Responsible: Dr. V. Nikonov, E-mail: nikonov@hiskp.uni-bonn.de
Last changes: January 26lh, 2010.

Protvino 24-27 June 2014

|. Denisenko

Formalism

Useful Links
@SPIRES

@PDG Homepage

®Durham Data Base

@Bonn Homepage

15
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Energy dependent approach

S AL QU Fla QU
BB'n
1. Correlations between angular part and energy part are und er control
2. Unitarity and analyticity can be introduced from the begi nning
3. Parameters can be fixed from a combined fit of many reactions

.. Ok, s

u(q1)Noy ..., (R2 = uN)Fgl 2 (q1 + Q2)N§i)617m5" (R1— uR2)
FQLdm (P e (B =y N)u(ka ey

Protvino 24-27 June 2014
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N/D based (D-matrix) analysis of the data

Protvino 24-27 June 2014
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Minimization methods

1. The two body final states 7N,YN — N, nN, KA, KX, wN, K*A: x? method.
For n measured bins we minimize

n

s (0 (PWA) — 0;(exp))’
=2 (Ao, (exp))?

J
Present solution ? = 48710 for 31180 points. x*/Np = 1.6

2. Reactions with three or more final states are analyzed with logarithm likelihood

method. 7N, YN — mn N, mnN,wp, K*A. The minimization function:

N (dat
&Y z o (PW A)
f__ Z nN(TecMC)
J S o (PWA)
m
This method allows us to take into account all correlations i n many dimensional

phase space. Above 500 000 data events are taken in the fit.

18
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The vp — K A reaction (CLAS 2009) and MaMI.

do/dQ, pb/sr da/dQ, pb/sr
0o 162° [ 1635 [ 1645 [ 1655 [ 1665 L1721 y/ [ 1723 F172s /) arar 1729 L1731
g L) M /&M /M o2r ] A CoWr
o[/ - . R AR R N [ [ o I , § I
| 1675 | 1685 | 1695 | 1705 gl 1715 % L ) s I i [~
i B i - B 0p——— — — — — —
0-25r M [ o | M M i % 1733 4 1735 [ 1737 1739 1741 1743
ol—. A A R N 02f - - - - -
| 1725 sl 1735 4 | 1745 5| 1755 | 1765 » i i i {0 i
o _% _/ _% _/_ i ¥ i [ o T
o . . R A AR L - 1744 - 1746 - 1748 - 1750 1752 - 1754
1775 | 1785 | 1795 | 1805 | 1815 o2k L xS L s/ L L,
o _% _M _/ i i i L 7 7 ’ 7
== = = = I oM ¢ AN 1. S A N L.L 0
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0.25 —% _% _M _’% _M 0ol y i b [ b i L B
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0o — e e e I i i L o
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cos 6.,

New 577 state with mass 1890 4 10 MeV and width 90 £ 10 MeV improves description
of the data.
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The vp — KA data

recoil asymmetry
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The vp — KT A: C,, C, (CLAS) and beam asymmetry (GRAAL)

BG2011-02M (dashed) BG2013-02 (solid)
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The O,, O, and I' (GRAAL) observables from ~p — KA

description is notably improved with ~ .S71(1890)

GRAAL KA () GRAAL KA (02) GRAAL KA (T)
F W=1674 =1674 F W=1702 F W=1645 b W=1674 F W=1702
of + of of of of
1k E 1k ' 1k 1+ 1+ i
1 1 1 l 1 1 1 1 1 l 1 1 1 1 1 1 l 1 1 1 1 1 l 1 11 1 1 1 l 1 1 1 1 1 1 l 1 1 1
1 0 1 0 11 0 1 1 0 11 0 11 0 1
F W=1754 F W=1754 F W=1781 F W=1729 F W=1754 F W=1781
of o%\/ ow ok OM 0\_%/
t t t N t t t
[ E E E Loy o
af 1 | ap ! -1M af 1
1 1 1 l 1 1 1 1 1 1 l 1 1 1 1 1 1 l 1 1 1 1 1 1 l 1 1 1 1 1 1 l 1 1 1 1 1 1 l 1 1 1
1 0 1 1 0 1 -1 0 1 1 0 1 -1 0 1 -1 0 1
- W=1833 L W=1833 F W=1859
: ' ,
0 0 0
K [
aF 1 aF f
1 1 1 l 1 1 1 1 1 1 l 1 1 1
1 0 1 1 0 1 -1 0 1 1 0 1 -1 0 1
L W=1906 L W=1906 L W=1883 L W=1906
r r C4 r
i + * 0% 0% TN
A i cos 6, A cos 6,
1 11 l 1 1 1 1 1 1 l 1 1 1 1 1 1 l 1 1 1 1 1 1 l 1 11 1 1 1 l 1 1 1
1 0 1 -1 0 1 1 0 1 1 0 1 -1 0 1
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The partial wave contributions to photoproduction reactio ns
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New resonances are found. One of them has 3* and was proposed t

State

Citation: J. Beringer et al. (Particle Data Group), PR D86, 010001 (2012) and 2013 partial update for the 2014 edition (URL: http://pdg.Ibl.gov)

1UPy = 3(37) Status: *

[ v(1895) 1/2- |

OMITTED FROM SUMMARY TABLE

The latest GWU analysis (ARNDT 06) finds no evidence for this

resonance.

N(1895) BREIT-WIGNER MASS

VALUE (MeV) DOCUMENT ID TECN  COMMENT

~ 2090 OUR ESTIMATE
1895+15 ANISOVICH  12A DPWA Multichannel
2180480 CUTKOSKY 80 IPWA 7N — 7N
1880+20 HOEHLER 79 IPWA 7N — 7N

e o o We do not use the following data for averages, fits, limits, etc. e o o

1910+15 SHRESTHA  12A DPWA Multichannel
1812425 BATINIC 10 DPWA N — N, Ny
1822443 VRANA 00 DPWA Multichannel
189750 739 PLOETZKE 98 SPEC ~p— pn/(958)
192859 MANLEY 92 IPWA 7N — =N & Nar
N(1895) BREIT-WIGNER WIDTH

VALUE (MeV) DOCUMENT ID TECN COMMENT

90t 32 ANISOVICH 124 DPWA Multichannel

3504100 CUTKOSKY 80 IPWA 7N — =N

95+ 30 HOEHLER 79 IPWA =N — xN

Citation: J. Beringer et al. (Particle Data Group), PR D86, 010001 (2012) and 2013 partial update for the 2014 edition (URL: http://pdg.Ibl.gov)

[ v(1900) 3/27

Protvino 24-27 June 2014

o be defined as 4*

1Py = 3(37) Status: k% %

The latest GWU analysis (ARNDT 06) finds no evidence for this

resonance.

N(1900) BREIT-WIGNER MASS

VALUE (MeV) DOCUMENT ID TECN  COMMENT
~ 1900 OUR ESTIMATE
1905+ 30 ANISOVICH  12A DPWA Multichannel
1915460 NIKONOV 08 DPWA Multichannel

e o o We do not use the following data for averages, fits,

limits, etc. @ o @

1900+ 8 SHRESTHA 12 DPWA Multichannel |
1051453 PENNER 02c DPWA Multichannel
1879417 MANLEY 92 IPWA «N — 7N & Nrr
N(1900) BREIT-WIGNER WIDTH
VALUE (MeV) DOCUMENT ID TECN COMMENT
~ 250 OUR ESTIMATE
250120 ANISOVICH  12a DPWA Multichannel
180+ 40 NIKONOV 08 DPWA Multichannel

e o o We do not use the following data for averages, fits,

101+ 15 SHRESTHA  12A
622+ 42 PENNER 02C
498+ 78 MANLEY 92

limits, etc. @ o ®
DPWA Multichannel |

DPWA Multichannel
IPWA 7N — 7N & Nnm
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Yp — p7TO7TO (Crystal Barrel)

Differential cross sections.
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. = = . , =
0 ° 03 0.4 05 06 0‘7 o o ° 03 0.4 05 0.6 07 08 0‘9
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Yp — p77077 (CB-ELSA)with linear polarized photon

j—g = (;%)O {14 6117 sin(2¢) + I° cos(2¢)]}, 1)
27
E — ch§b*
/
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I¢and I? for yp — pm’n (CB-ELSA)

W =1706 + 64 MeV W =1834 + 64 MeV W =1946 + 48 MeV

W =1706 + 64 MeV W =1834 + 64 MeV W =1946 + 48 MeV

T T T IC
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First double polarization data from CB-ELSA:
Helicity asymmetry and G observable in yp — 7r0p

 E(w ~1tp) Gl - 10p)
690-720 780-810 870-900

q

960-990

cos en

Bonn-Gatchina , SAID (CM12), MAID Bonn-Gatchina , SAID (CM12), MAID

dashed - predicted, full -fit
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0.1 New results
J. Beringer et al. (Particle Data Group), Phys. Rev. D86, 010 001 (2012).

Resonance Rating Npp Resonance Rating Npp Resonance Rating Npp
N(1440)1/271 13 N(1520)3/2~ 17 N(1535)1/2— 15
N(1650)1/2~ 18 N(1675)5/2~ 14 N(1680)5/271 17
N (1685) . N(1700)3/2~ 15 N(1710)1/2+ 14
N(1720)3/271 17 N(1860)5/271 - 9 N(1875)3/2— 16
N(1880)1/271 - 20 N(1895)1/2~ - 17 N(1900)3 /271 18
N(1990)7/271 - 9 N (2000)5/271 - 11
N (2060)5/2~ - 13 N(2100)1/21 . N(2150)3/2— - 11
N(2190)7/2~ 1 N (2220)7/2~ 7 N(2250)9/2—
N(2600)11/2~ = N(2700)13/2T =
A(1232) 8 A(1600)3/2T 12 A(1620)1/2~ 10
A(1700)3/2~ 1 A(1750)1/2T . A(1900)1/2~ - 13
A(1905)5/2T 1 A(1910)1/2T 13 A(1920)3/2T 21
A(1930)5/2~ A(1940)3/2~ . 5 A(1950)7/2T 13
A(2000)5/2T - A(2150)1/2~ . A(2200)7/2~ .
A(2300)9/2T - A(2350)3/2~ . A(2390)7/2T .
A(2420)11/2F  we A(2400)9/2~ A(2750)13/2— =

*

A(2950)15/2t -

E.g.: V. Kuznetsov et al., Phys. Lett. B 647, 23 (2007); V. Kuznetsov et al., Phys. Rev. C 83, 022201 (2011); I. Jaegle et al., Eur. Phys. J. A 47, 89 (2011).

A. V. Anisovich, R. Beck, E. Klempt, V. A. Nikonov, A. V. Saran  tsev and U. Thoma, Eur. Phys. J. A 48, 15 (2012);

Npp particle properties were determined; 400 in total. Be cautious, there are ambiguities ! Promoted to three-star resonance
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Holographic QCD (AdS/QCD)

=

=

X

a0 wo MMM E PP DNME P PO OO

N D00 N~ RGO B[ RO B0 B Lo NG N[ R [R B[ Mo N — N — N no [~ T
O O O O O W O O r P O O O O rr O O

gd Resonance Pred.
% N(940) input: ~ 0.94

0 A(1232) 1.27
= N(1440) 1.40
= N(1535)  N(1520) 1.53
0  N(1650) N (1700) N(1675) 1.64
0  A(1620)  A(1700) L,S,N=0,3,1:  A(1600)  1.64
= N(1720) N(1680) L,S,N=0,2.2.  N(1710) 172
T N(1890) N(1880) 1.82
0 A(1900)  A(1940) A(1930) 1.92
0 A(1910)  A(1920) A(1905) A(1950) 1.92
0  N(1875) N (1900) N (1880) N (1980) 1.92
= N(?777) 2.03
= N(2075) N(2185) L,S,N=1zz2: N(?777) N(??7?7) 212
0 N(2200) N(2250) L,S,N=1,%2 A(2223) A(2200) 220
= N(2220) 2.27
0 A(2390) A(2300) A(2420) |L, N=3,1: AEQZLOO% 2.43
L N(2600) | A2350) ;o

Protvino 24-27 June 2014
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Parity doublets of /N and A resonances at high mass region
Parity doublets must not interact by pion emission

and could have a small couplingto  wIV.

J=5  Nipjo+(1880) *  Nyjo-(1890) **  Aj,9+(1910) »* Ay /5-(1900) **
J=3 N3/o+(1900) **  Nz/o- (1875) **  Ag;p+(1940) **  Ag/p-(1990) *
J=2  Ng/o+(1880) *  Ngjo-(2060) **  Agjo+(1940) »*  Agp- (1930) *=*
J=2 Npjp+(1980) **  Npjo-(2170) =  Ag 9+ (1920) » Ay 5 (2200) *
J=5  Ngjo+(2220) ***  Ngjo-(2250) »*  Ag/p+(2300) **  Ag/p-(2400) **
J=2 N5/9+(2090) **  Nsjo-(2060) *  Agjp+(1940) »  Agp-(1930) **
J=L  Ngj9+(2100) **  Npjo-(2150) »* Ay (1950) » Ay - (2200) *
J=5  Ngja+(2220) **  Ngjo- (2250) ***  Ag/9+(2300) *  Ag/o-(2400)% **
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Observation of the A(7777)

N BN

sz total

2T 2059 | 2075 | 2092

2000 2050 2100 2150 2200 2250 2300
M(G,,), MeV

" 1 " 1 " 1 " " 1 " 1 " 1 " " 1 " 1 " 1 "
05 0 05 05 0 05 05 0 05
cos ecm

A(?727) 17 M=2140"5] MeV '=160430 MeV.
This state can not be a chiral partner of the A (1950) %Jr state.
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10

Protvino 24-27 June 2014

New MAMI Data on vyn — nn reaction

Fermi motion smearing

CB-ELSA

Oy LMD

12

CB-ELSA

1500 1600 1700 1800 1900 2000 2100

M(yn) [MeV]

B. Krusche group

MAMI

O[Hb]

L ® 2H, this work

H Jaegle et aI

075 1 1.25
E [GeV]

1.2 1.4

Ey[GeV]

B. Krusche group
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Full event reconstruction
Energy resolution of 1: AV =10-42 MeV (W=1500-1850 MeV)
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Simulation for the Sy1 and P interference

= 7=-0.95 in 7=-0.85 1= 7=-0.75 in 7=-0.65
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Solution with interference between Sp; states

n z=—0.75 n z=—0.65

o, ub

15

10

1600 1800

W, MeV

st | m
Gp
320, i
" TGw e oo 180
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! - ! »
1600 1800 1600 1800 1600 1800 1600 1800
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Solutions with the  P;1(1680) states

14 14 14
— Fit 3 — Fit 3 — Fit
— /2 1/2 - r — /2 1/2 - r — /2 1/2 -
12 1= 12 12+ al 12 = 12 1/2 + 12 = 12 1/2 +
— 1/2 3/2 +  all [ R 1/2 3/2 + [ +
1 — L — L —
10 - 1 + 10 - + 10 - +
8 - 8 8
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4 - 4 E 4 E
2 - 2 2
L . L
L T —— L DR —
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The description of the new data as well as GRAAL data is notabl y worse
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Limit for the production of ~ Py1(1680): |A2|Br(nn) <5 Gev~ 21073
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