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Topics
e Data review
e Multipole decomposition of the single pion photoproduction amplitude
e P;1(1/27) wave

[ P13(3/2+) wave
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Bonn-Gatchina PWA group

A. Anisovich, E. Klempt, V. Nikonov, A. Sarantsev and U. Thoma.

Aims of BhGa PWA

e Aim: Determination of the full spectrum of baryon resonances and their decay

modes

e Method: Simultaneous description of all relevant data for baryon spectroscopy
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Pion induced reactions with recently included data sets.
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Observable Ndata N Observable Ndata NZ‘ata

NTjo- Su(rN—7N) 104  1.81 SAID A1/2_ Sz1(mN—7N) 112 2.27 SAID
N*/2+ Pii(#N—7N) 112  2.49 SAID 1/2+ P31 (7N —7N) 104 2.01 SAID
N3 o+ Pis(rN—7N) 112 1.90 SAID /2+ P3s3(m#N—7N) 120 253 SAID
A3 /- Das(mN—7N) 108  2.56 SAID N3/o- Dis(rN—7N) 96  2.16 SAID
Ng/o—- Dis(nN—7N) 96  3.37 SAID Asjo+ Fas(tN—7N) 62 1.32 SAID
Az/or Fa7(nN—7N) 72 2.86 SAID

do /dQ(m ™ p—nn) 70 196 Richardsetal | do/dQ(m™ p—nn) 84 267  CBALL
do/dQU(m " p—KA) 479 1.55 RAL P(r p—KA\) 261 1.76 RAL+ANL
do/dQ(rTp—KTY) 609 1.91 RAL P(rtp—KTY) 420 2.74 RAL
do /dQ(n ™ p—nm’n?) CBALL
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Single meson photoproduction reactions with recently included data sets.

Observable Ndata Nd:ta Observable Ndata Niita
do/dQ(yp—pn®) 1106 1.34 CB-ELSA | do/dQ(yp—pn°) 861 1.46 GRAAL
do/dQ(yp—pr’) 592  2.11 CLAS do/dQ(yp—pr’) 1692 1.25 TAPS@MAMI
E(yp—pr?) 140 123 A2-GDH | X(yp—pn®) 1492  3.26 SAID db
P(yp—pn?) 607 323 SAIDdb | T(yp—pr’) 389  3.71 SAID db
H(~vp—pr°) 71 126 SAIDdb | G(yp—pr) 75 150 SAID db
Ox(yp—p7?) 7 177 SAIDdb | O,(yp—pr’) 7 0.46 SAID db
do/dQ(yp—nr') 1583 1.64 SAIDdb | do/dQ(yp—n7') 408  0.62 A2-GDH
Y(yp—nmT) 899 348 SAIDdb | E(yp—nm’ 231  1.55 A2-GDH
P(yp—nr™) 252 290 SAIDdb | T(yp—nr™) 661  3.21 SAID db
H(yp—pr™) 71 390 SAIDdb | G(yp—pr') 86  5.64 SAID db
do/dQ2(yp—pn) 680 1.47 CB-ELSA | do/dQ(yp—pn) 100 2.16 TAPS
>(yp—pn) 51 226 GRAAL98 | X(yp—pn) 100 202  GRAAL07
T(vyp—pn) 50 1.48 Phoenics
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Comparison of different data sets on the vp — 7'('0]? differential cross section, curve
represents preliminary fit.
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O-I 1 1 1 I 1 1 1 I -I 1 1 1 I 1 1 1 I -I 1 1 1 I 1 1 1 I 0 I 1 1 1 I 1 1 1 I I 1 1 1 I 1 1 1 I I 1 1 1 I 1 I
-1 0 1-1 0 1-1 0 1 -1 0 1-1 0 1-1 0 1
cos 0, cos 0,

1. Free normalization factors (0.95-1.05) for each data sets are used;

2. Additional systematic errors are estimated and used in the fit
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The fitted reactions. Recently included data sets.

Observable Ndata szata Observable Ndata N:ata
C.(yp—AK™) 160 1.23 CLAS Cz(yp—X°K™) 94 220  CLAS
C.(yp—AK™) 160  1.41 CLAS C.(yp—3°K™) 94 200  CLAS
do /dQ(yp—AK™) 1377  1.81 CLAS do/dQ(yp—X"K') 1280 2.06  CLAS
P(yp— AK™) 202 2.03 CLAS P(yp— X"K™) 95 145  CLAS
Y(yp—AK™) 66 153 GRAAL | Z(7p—X’°K™) 42 090 GRAAL
Y(yp— AK™) 45  1.65 LEP Y(yp— X°K™) 45 1.1 LEP
T(yp—AK™) 66 1.26 GRAALO09 | do/dQ(yp—XTK") 48 3.76  CLAS
O (yp—AK™) 66  1.30 GRAALO09 | do/dQ(yp—X"K"’) 160 0.98 CB-ELSA
O.(yp—AK™) 66 154 GRAAL09 | P(yp—XTK") 72 061 CB-ELSA
do /dQ(yp — prP7?) CB-ELSA (1.4 GeV) E(yp —pr’7Y) 16 1.91 MAMI
do /dQ(yp — pm’n) CB-ELSA (3.2 GeV) Y(vp —pm’n) 180 2.37 GRAAL
do /dQ(yp — pr¥7?) CB-ELSA (3.2 GeV) Y(yp—=pr7?) 128 096 GRAAL
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vp — w’p from Crystal Barrel at ELSA (F., < 3.2 GeV)

O o0 [HD] E, [GeV]
500 015 Z}. 115 % 2]5
A(1232)Ps5
N(1520) D15 -\
N(1535)S; 100 & 4
N (1650)S1; R
N (1680)F5 - 3 \
A(1700) D3 w0 ,2+
A(1920) P33 e +
- 3/2°
o Ny Ny

14 16 1'8s 2 2.2
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CLAS 07 data on the differential cross section for vp — 7T0p with current solution. Only
statistical errors for the CLAS data are shown.

6dcr/dQ, ub/sr do/dQ, pb/sr
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CLAS 09 data on the differential cross section for vp — 7 n with current solution.
Only statistical errors for the CLAS data are shown.

do/dQ, ub/sr do/dQ, ub/sr
105 W=1497 F  W=1528 | W=1558 |  W=1588
o 3 3 3
O_IIIIIIIIIIIIIII IIIIIIII IIIIIIIIIIIIIII-IIIIIIIIIIIIIIIIIII_IIIIIIIIIIIIIIIIIII O
10F W=1617 | W=1646 | W=1674 [  W=1702

W=2248

W=1730 5 F  W=1757 [ w=1783 [  W=1809

W=2269

| o
-05 0 05 -05 0 05
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Photoproduction multipoles and partial waves. In general, two multipoles lead to one

spin-parity wave.

Multipoles  Partial waves  J©
Ef - S Sy 1/27
- M; Py Py 1/27
Ef M P3Py 3/2F
E; My, D3 Dss 3/2°
Ef MJ Dis Dss  5/27
Ey My Fi5  Fz3  5/2F
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Real (left) and imaginary (right) parts of multipoles for the 7Y photoproduction.
Red - BoGa solution, blue - SAID, MAID 2009.
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Real (left) and imaginary (right) parts of multipoles for the Tt photoproduction.
Red - BoGa solution, blue - SAID, MAID 2009.
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N7 — N7 P;; wave (3 pole 4 channel K-matrix)
P P

11 11

— B — B
© 06— 0.6 —
o B § B
0.4 0.4
0.2 - 0.2
Ja Ja
0.2 0.2

_0-4 B 1 ‘ 1 ‘ 1 ‘ 1 | 1 _0-4 B 1 ‘ 1 ‘ 1 ‘ 1 |

1 1.25 1.5 1.75 2 1.25 1.5 1.75 2

M (TiN) GeV M (TIN) GeV

T-matrix poles (our fit and PDG value):

M = 1370 £ 4 (1365 £ 15) MeV, —2 Im = 193 £ 7 (190 £ 30) MeV;
M = 1708 £ 18 (1720 £ 50) MeV, —2 Im = 200 4 20 (230 £ 150)MeV;
M = 1870 £ 30 MeV, —2 Im = 280 £ 80 MeV
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Ot - mb
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7 p — nm'w" (Crystal Ball) total cross section
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2.1
18|
15|
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0.9f
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'4——1/1/11111
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1 1 1 1 I 1 1 1 1
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M(Tp), GeVi/c?

Fit of the data
P, -partial wave
D3 -partial wave
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vp — pr'w’ (CB-ELSA) M.Fuchs et al.

10 |-  cB-ELSA
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PWA corrected cross section and
contributions from A(1232)7 (dashed)
and Vo (dashed-dotted) final states.
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Contributions from D33 (dotted),
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and D3 (dashed-dotted) partial waves.
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The vp — 7 7"p helicity 3/2 and 1/2 differential cross sections
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Properties of N (1440) P;;. The left column lists mass, width, partial widths of the
Breit-Wigner resonance; the right column stands for pole position and squared
couplings to the final state at the pole position.

M = 1436 == 15MeV Mpole = 1371 &= 7MeV
I = 335 = 40MeV I'pole = 192 & 20 MeV
. (35+£5)
I'.n = 205 4= 25 MeV gr N = (051 + 005) . e~ Y180
. (20£13)
PJN = 71 £ 17MeV Jo N = (082 + 016) e "MT180
. (25420)
I'ra = 59=x15MeV grAn = (—0.57+0.08) ¢ 180

Tmatrix: A; /5 = 0.055 + 0.020GeV ¢ = (70 + 30)°
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P11(1710) resonance

The differential cross section for the 7~ p — K A reaction shows a clear contribution

0.1f

from this state (S7; — P interference):

1632

1661

1670 : |
IR ST

1676

879

I 2027

;Jx Jf

05 0 05

05 0 05

Preliminary fit

-05 0 05

05 0 05
cos 6
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P11(1710) resonance

The total cross section for the 7~ p — K A reaction:

0.8F Oyor MD — Fit
: — 1/2 -
0.7F | 3/2 +
: — p—exch.
0.6 1/2 +
S — 32 -
0.5F
0.4F
0.3F
0.2F
0.1F
O: T e — e

1700 1800 1900 2000 2100
M(Tp), MeV

Preliminary result
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P11(1710) resonance

The recoil asymmetry for the 7~ p — K A reaction. also shows a clear contribution

from this state:

Preliminary fit

21
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P11(1710) resonance

The data on 7 p — nn and the target asymmetry vp — np fix the position and
couplings of P;1(1710) state and reduce 1N coupling of the P;3(1720) state.

do/dQ [ub/sr]
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0.2} - - F ) §
[ [ . [ !
[ i :°_¢¢¢¢¢¢¢o¢i_¢:* 04T
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0 1%12| I E 15I16I I E '11%25' - f_'1£|34é| —
0.2 40600 28 °F ¢ $ W-
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N7t — N ] P13 wave (3 pole 8 channel K-matrix)

0.2 [T | T | T | T | T [ — 0.4 [T
: 1 £ :

0.1 | — 0.3 b
0 F - 0.2 F
—0.1 4 01 F
-0.2 F - 0 F
_03 ] | ] | ] | ] | ] | - _01 ]

1.25 1.5 1.75 2 2.20
M (niN) GeV

2nd T-matrix poles: M = 1960 £ 20 MeV, 2 Im = 195 £+ 45 MeV;
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P13(1900) resonance

For vp — KA (left) and vp — KX (right) we have almost complete photoproduction

experiment: o (CLAS, SAPHIR), > (GRAAL, LEP), P (CLAS), C,.,C,, (CLAS), T, O,., O,

(GRAAL).

The C, and C, data can be explained with P;3(1900).
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P13(1900) resonance

The solution is supported by the new GRALL data on O, O, and T-observables: an
important step to a complete experiment.

GRAAL KA (Ox) GRAAL KA (0z)
W=1645 CW=1674 W=1702 W=1645 CW=1674 W=1702
l_—\* 1_— 1+ l_— 1 l_—
0% Oﬁ—'\‘\'\'\'/ O__/{._\\/ ok 0 + 0
o W i o ' 1w 1 ) *
C 1 I 1 1 C 1 1 1 I 1 1 1 C 1 1 I C 1 1 + I I 1 + I 1 1
1 0 1 -1 0 1 -1 0 1 -1 1 -1 0 1 -1 0 1
W=1729 W=1754 CW=1781 [T [T CW=1781
4 ¢ C C C
0 0 Om of of oF
1 -1 1k -1 -1 t 1k +
I I C 1 I C 1 1 1 I 1 1 1 1 1 I C 1 I
1 0 1 -1 0 1 -1 0 1 -1 0 1 -1 0 1 -1 0 1
w=1808 w=1833 w=1859 w=1808 w=1833 w=1859
1+ 1+ 1_— 1_— 1+ 1_—
] ¢ ¢ C L
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4 i t r
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I I I 1 1 C 1 1 1 I 1 1 1
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Summary

1. An approach for the combined analysis of the pion and photo induced reaction with
two and multiparticle final states is developed.

2. The combined analysis of more than 75 different reactions helped us to identify the

properties of known baryons.

3. The new data support the two new baryon states observed in hyperon
photoproduction of /1 (1880) and P;3(1900).

4. The 7-photoproduction data reveal the baryon resonance D15(2070).
5. The D33(1940) state is needed for the description of the yp — 7'np data.
6. The dataon 7~ p — nn and 7~ p — K" support an existence of P;; (1710).

7. The spectrum of observed states is in direct contradiction with a classical quark
model. The best explanations are chiral symmetry reconstruction or AdS/QCD
soft-wall model (see talk of E.Klempt).



