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Data Base
Pion induced reactions ( X2 analysis).
2 X2

Observable Ndata Ninta Observable Naata Ndata

N;/Q S11(mN—7N) 104 181 SAID Ay j9- S31(rN—7N) 112 2.27 SAID
N;‘/QJF Pii(nN—7N) 112 249 SAID Ay o+ Pai(nN—mN) 104 201 SAID
N§/2+ Pis(nN—=7N) 112 1.90 SAID A§/2+ P33 (nN—7N) 120 2.53 SAID
Ag/z_ D33(*N—nN) 108 2.56 SAID N§/2_ Dis(nN—7N) 96 2.16 SAID
N;/Q Dis(#N—7N) 96  3.37 SAID Ag o+ F3s(TN—7N) 62 132 SAID

7/2+ F37(sN—7N) 72  2.86 SAID

do /dQ(m~p—nn) 70  1.96 Richards etal. | do/dQ(m™ p—nn) 84  2.67 CBALL
do/dQU(m~p— KA) 598 1.68 RAL P(r—p— KA) 355 1.96 RAL+ANL
do/dQUnTp—KTY) 609 1.24 RAL P(ntp— K1) 307  1.49 RAL
do/dQ(n~p— K%%?) 259 085 RAL P(r—p— K9%0) 95  1.25 RAL
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Data Base

7 and 1) photoproduction reactions ( x2 analysis).

Observable Nyata Njata Observable Nyata Nzl(ata
do/dQ(yp—pn?) 1106 134 CB-ELSA | do/dQ(yp—p7m’) 861  1.46 GRAAL
do/dQ(yp—pr®) 592 211 CLAS do/dQ(yp—p7m®) 1692 125 TAPS@MAMI
E(yp—pr?9) 140 123  A2GDH | X(yp—pm?) 1492  3.26 SAID db
P(yp—pn?) 607 3.23  SAIDdb T(yp—p7?) 389 3.71 SAID db
H(yp —pn?) 71 126  SAIDdb G(yp—pm?) 75 150 SAID db
Ox (vp— p7©) 7 177  SADdb | Ou(yp—p7P) 7 0.46 SAID db
do/dQ(yp—nnT) 1583 164 SAIDdb | do/dQ(yp—nwT) 408  0.62 A2-GDH
Y(yp—nmT) 899 348 SAIDdb | E(yp—nrmT 231  1.55 A2-GDH
P(yp—nnT) 252 290 SAIDdb | T(yp—n7m™) 661  3.21 SAID db
H(yp—prT) 71 390  SAIDdb G(yp—pr™) 86  5.64 SAID db
do/dQ(yp—pn) 680 147 CB-ELSA | do/dQ(yp—pn) 100 2.16 TAPS
YX(yp—pn) 51 226 GRAAL98 | X(yp—pn) 100  2.02 GRAAL 07
T(yp—pn) 50 1.48  Phoenics
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Data Base

Kaon photoproduction ( X2 analysis).

Observable Ndata Niata Observable Ndata Niata

Cz(yp— AKT) 160  1.23 CLAS Cr(yp— X°KT) 94 2.20 CLAS
C,(yp— AK™) 160  1.41 CLAS C.(yp—XK™T) 94 2.00 CLAS
do/dQ(yp— AK™T) 1320 0.81 CLAS09 do/dQ(yp—X°KT) 1280 2.06 CLAS
P(yp— AKT) 1270  2.21 CLAS09 P(yp—X9K™) 95  1.45 CLAS
Y (yp— AK™T) 66  1.53 GRAAL Y (yp— XOKT) 42 0.90 GRAAL
Y (yp— AK™T) 45 165 LEP Y(yp—XOKT) 45 111 LEP
T(yp— AK™T) 66 126 GRAAL09 | do/dQ(yp—XTK") 48 376 CLAS
O (yp— AK™) 66  1.30  GRAAL09 O.(yp— AKT) 66 154  GRAALO09
do/dQ(yp—XTK?) 72 0.74 CB-ELSA10 | P(yp—XTKO?) 24 1.06  CB-ELSA 10
Y (yp—XTKY) 15 1.13  CB-ELSA 10
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Data Base

Multi-meson final states (maximum likelihood analysis).

do /dQ(m~p—nmO70)

CBALL

(
do /dQ(yp — prPnY) CB-ELSA (1.4 GeV) | E(yp—pmonY) 16  1.91 MAMI
do /dQ(yp— pmOn) CB-ELSA (3.2GeV) | X(vp—pn'n) 180 2.37 GRAAL
do /dQ(yp — pmO70) CB-ELSA (3.2GeV) | X(vp—prn'w?) 128  0.96 GRAAL
do /dQ(yp— pmOn) CB-ELSA (3.2GeV) | X(vp—pn'n) 180 2.37 GRAAL
IC(’yp—>p7TOn) CB-ELSA (3.2 GeV) IS( Yp— pT 77) CB-ELSA (3.2 GeV)
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Energy dependent approach

In many cases an unambiguous partial wave decomposition at fixed energies is

impossible. Then the energy and angular parts should be analyzed together:

D AV QT Pl QUL
BB'n
1. C. Zemach, Phys. Rev. 140, B97 (1965); 140, B109 (1965).

2. S.U.Chung, Phys. Rev. D 57, 431 (1998).

3. A.V. Anisovich etal. J. Phys. G 28 15 (2002)
V. V. Anisovich, M. A. Matveey, V. A. Nikonov, J. Nyiri and A. V. Sarantsey,
Hackensack, USA: World Scientific (2008) 580 p

1. Correlations between angular part and energy part are under control.
2. Unitarity and analyticity can be introduced from the beginning.

3. However, to fix simultaneously energy and angular dependencies of the amplitude a

combined fit of many reactions is needed.
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Resonance amplitudes for meson photoproduction

YP-R, - R, T pnm
., Ok, 0

General form of the angular dependent part of the amplitude:

~

@(q1)Nay...a, (B2 —>MN)F“1'”O‘” (01 + a2)N32% 7 (Ry — pR)
F0m(PYVER (R —yN)u(k)ey,
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Fﬂll.-.v’? (p) = (m—|—p)051 aL 2L +1 Ja161 — L_|_1‘704151 go‘zﬁzogll BL
1=2
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The simplest parameterization of the pole contribution:

The Breit-Wigner amplitude

A gagb

a—b — :
M? — s —zij(s)gjz
j

where g, are couplings and pj(s) are phase volumes.

The width of the state is formed by decays into fitted channels: 7N, NN, KA, KX, 7A,

No, P11(1440)m, D13(1520)m,... and an additional width, defined by the decay into
Np(770).

The photoproduction amplitude:

9~pGb
M? —s =i pi(s)g;
J

Avp—>b —
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Two body phase volume:

2k 2L my1+ ko 1.5—s5g
Vs F(L,k?,r) 2my;  s—sg

p(87m17m2) —

2k /(s = (m1+m2)?)(s — (m1 —my)?)

N s

Here s is the invariant energy squared, 1 is the baryon mass and 1ms is the meson

mass. The Blatt-Weisskopf factor:

F(L=0,k*7) = 1,

F(L=1kK,r) = (x+1)/r*, T = k*r?
F(L=2,k7r) = (2*43x+9)/r*,

F(L=3k*r) = (2°+ 62"+ 45z + 225)/r° ,
F(L=4,k*r) = (z*+102° + 1352 4+ 1575z + 11025) /r®

where = 0.8 fm and L is the orbital momentum.

10

(1)
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Three body phase volume:

(vs—m1)? s
P (8) . / dsa3 p(S, V 5235 ml) MRFtot
3 — 2 R ’
T (Mg —s23)°+(Mgl'i)?
(mo+ms)?
R 2
MRL;;; = p(s23, m2, m3)g”(523) ,
~ 02 ~ 02
> >
O o 1 1 O o0.1f
i [ g - 2
v | Scut & f(my+my) B
E I (7)) O__ L4 >
£ -0.2r 4 - : :
: : E b M2 - R
_ | -0. P MZ- 1M T !
0.4F 2 -3 ' . '
I 4" -0.2F AY 1B
0.6 | oaf i . i
[ 3 2' e [ L I :
08y 0.4 (Vs-m )
14 16 18 2 22 24 1 12 14 16 18 2

2
Re s, GeV’ Re s, GeV
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1 K -matrix representation of the scattering amplitude

The unitarity condition for the partial wave amplitude:

SS+ =1 S =1+ 2ip(s)A(s)
I .,\IA( N ~
g trwh ., 2ipA(s), A(s) = K(I —ipK)™"
I —ipK

Where K is a real matrix.

One pole, multi-channel K-matrix corresponds to the relativistic Breit-Wigner amplitude:

gagb — Aab — gagb

Koy =
B TER, M2 =5 = i3 p5(5)07
J
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For two poles:

2 2
91 92
K = —W—
M12—5+M22—5
o — g3 (M3 —5) + g3(M3—s)

(MF —s)(M3 —s)—ip(s) (g7 (M3 —s) + g5 (M7 —s))
Compare with sum of two Breit-Wigner amplitudes:

gi (M3 —s) + g5 (M7 —s)—2ip(s) g7 g5
(M?—s)(Mz—s)— p*(s)g393 —ip(s) (g7 (M3 —s) + g3(MP—5s))

If in a fit we added a Breit-Wigner amplitude we allow couplings to have phases.

A(s) =
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P-vector approach

The vy — 77 reaction: the contribution from the  ~y~y-loop to the width of the state can

be neglected.

1!
. B An (n)
Ay, = Py(I —ipK)5;} P = M29i8+Fj

14
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15

Combined analysis of the different reactions:

For pion induced reactions the transition partial wave amplitude can be written as:

and

9:° 95
K; ZZMQ—_JS‘Ffij(S) Jij =

where f;; is nonresonant transition part.

For the photoproduction:

: —1
A = Pi(I — ipK)
The vector of the initial interaction has the form:
A g
P=> — 4 F(s)
J J
R

Here I is nonresonant production of the final state .

(2) \[

_’LJ
S — Sg
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Reggezied exchanges:

L 4
I.I
.,
.,
.,

p(ky)

The amplitude for t-channel exchange:

A=gi(t)g2(t)R(§,v,t) = g1(t)g2(t)

Here (1) is the reggion trajectory, and

R(+,v,t) =

R(—,v,t) =

**
“
.

P(ay) p(ky) ;)
1 4+ €exp(—ima(t)) v () 1
sin(ma(t)) Yo YT
¢ is its signature:
i 5 alt) a(t)
sin(Za(t))l 2@ v |
o5 e(t) a(t)
cos(Za(t))T O‘Tt) : W
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D-vector approach

For N transition into channel ’a’ the amplitude can be written as:

A

Aa = D, + [[A{(IA T 7:lélA()_l ﬁ]abbb )
For strong channels:

D, =Ko Au=Ky;(I-ipK);

For weak channels:

a A dec

91 Aq
wz s T hal®)

(6

D, =

o

For photoproduction of 'weak channels’

~ ~ A ~ . A Adec
Aap = Gap+ Poll — ipK) "' pDy  Gap=)» —%—+

17
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Production of three particle final states. Triangle singularities in the three particle
system are logarithmic singularities

Pa
. d*k 1
Aspmless W2 _ / T
trlangle( 78) ’L(27T)4 m72r _ k72r — 0
1 1
p-p, X 2

m% —(p—pa—+kn)? —imala m% — (pa — kr)2 — 00
p=p1+p2, P =W?3 paA=5 Wnin=mn+my+mg.

The logarithmic singularity in most cases is weaker then the pole singularity. However it
provides a complex vertex.

D-vector components for 3-particle final states should have phases. We allow them for
resonance couplings and nonresonant terms
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pp - 3rfin liguid hydrogen ]

OO
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(pp — 37" Liquid target)
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1. K-matrix approach satisfies the unitarity condition. It takes into account right-hand
side singularities of the amplitude: threshold singularities (cuts) and pole

singularities.

2. The P-vector, D-vector and PD-methods allow us to perform of analysis of many

reactions simultaneously.

3. This approach is fast enough to perform the analysis of modern high statistical data
and reliably extract leading singularities of the amplitude. This is impossible with

most approaches which solve directly integral (e.g. Bethe-Salpeter) equations.

However:

This approach does not take into account correctly left-hand side singularities due to
neglecting of real part of loop diagrams and therefore is not fully reliable at very low

energies or in presence of strong thresholds

21



Bonn-Gatchina partial wave analysis JLab Newport News, 2010 22

N/D based analysis of the data

In the case of resonance contributions only we have factorization and Bethe-Salpeter

equation can be easily solved:

in K
J m J K i m O
:@: = :@:@: + —
in K
X Vi 1 (k) 1 N _(m), g
Airy = Air Bkm< ) 1 + 53m Bkm(S) _ ds Yo (S )p(S )ga (S)
. ’ “ Mpm —s  M?—s “ T s’ — s — 10
* 4m?2
. . . S . )J( y
A=ik(I—-BkR)™" kij=-—52— BY=  Bi™(s)

For non-resonant contributions: there is no factorization and the amplitude can have a
complicated energy dependence. However in majority of K-matrix analysis the
nonresonant contributions are constant or have a simple energy dependence
Non-factorization can be taken into account by introduction of two transitions with fixed

left and right vertices.
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Parameterization of ;3 wave: 3 resonances 8 channels, 4 non-resonant contributions
7N — nN,7tN — nN, 7N — K>, mN — Am.Itcorrespondsto &8 X & channel
K-matrix and 5 X 9 N/D-matrix .

In many cases (fixed form-factor or subtraction procedure) the real part can be

calculated in advance (for S-wave):

1 — p(M?)
1+ p(M?)

2

B(s) = ReB(M?) + %[,0(3) lni :L 223 — p(M?) In

The P-vector approach is strait forward:

_ i J _ i J
Ap=F D=0 Py=3 =G

1. This approach satisfies analyticity and two body unitarity conditions. It takes

| +1ip(s)g

left-hand side singularities into account.

2. The approach is suitable for the analysis of high statistic data in combined analysis

of many reactions.

3. However: a treatment of the real part for interfering resonances is model dependent.
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Bonn-Gatchina partial wave analysis.

1. K-matrix: 7N — 7aN, 7N — nN, 7N — KA and 1N — K3 reactions.
Included channels: 7N, nN, KA, KX, 1A(1232), No, Np.

First results for the .S11 wave fitted in the N/ D approach.

2. P-vector: YN — mN, YN — nN,vyN — KA and YN — K. reactions.

Preliminary fit with Reggee exchanges included in the P-vectors.
3. D-vector: TN — N

4. PD-approach YN — N, YyN — mnN
D-vector channels: ;1 (1440)7w, D135(1520) 7, Fy5(1675)m, fo(1275)N, An,...
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Fit of the SAID energy fixed solution for ~ 7/V elastic partial
waves

= 0'65 S1l-wave = P11-wave =01 P13-wave
o5k 0 0.6
o Uf 4
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-0.2F
03177513 14 15 1.6 17 18 1.9 2 047 1.2 1.4 1.6 1.8 2 2.2
= T [
g0.38r £0.6f
0.6 2t 0.4f
[ 3
0.4F
. » 0.2
0.2f
[ of
of
[ -0.2
-0.21
11 12 13 14 15 16 1.7 1.8 19 2 VA4 =12 ""12 16 18 2 22

M(TN), GeV M(TN), GeV S M(TIN), GeV
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Fit of the SAID energy fixed solution for

— 0.5
w4k
goaf
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0.1F
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-0.4t
— 0.9¢
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T 0.7
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0.4F
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-0.1F

D13-wave

0.4F

-0.4

ImT

0.4F
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_04 .............................

waves

D15-wave

P

M(TN), GeV
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N elastic partial

S31-wave

M(Tﬂ\lj, GeV.
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Fit of the SAID energy fixed solution for
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Fit of the SAID energy fixed solution for ~ 7/V elastic partial
waves
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R = -
S:) 0al F35-wave o 1F F37-wave
.75
0.2F 05
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The fit of the the 7 p — K A reaction
The P11(1710) and P;3(1900) states
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The fit of thethe 77 p — KX reaction

do/dQ, mb/sr P
b C 1822 I 1845 } 1870 1F1822 C 1845 1870

[ o ... Mm ) [ r [
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The fit of the the 7 p — KYXY reaction
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The fit of the 7 p — mn reaction
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T p— n7Y (Crystal Ball) total cross section
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- Fit of the data
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T p— nd 7! (Crystal Ball)

Differential cross sections for 472 and 665 MeV/c data.
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The description of all fitted single meson photoproduction
observables as well as multipoles can be downloaded in
numerical form or as PDF figures from

PWA.HISKP.UNI-BONN.DE
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The vp — K A reaction (CLAS 2009)

Oyopp HD — Fit ' Oiorr HD —— Fit
3t - - 1212 - 3t - - 1212 -
% —e—— 12 1/2 + % ——= 1/2 12 +
25} fo gl 1/2 3/2 + . ------ 12 3/2 +
ot ol
15t 15t
1- 1L
05k N 0.5F Tl
P e T
01600 1800 2000 2200 2400 01600 1800 2000 2200 2400
M(yp), MeV M(yp), MeV

In the first solution the new  S77 state with mass 1890 £ 10 MeV and width 90 £ 10 MeV

is introduced in the fit.
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The fit of the yp — K A differential cross section
(CLAS 2009)
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The fit of the yp — K A recoil asymmetry
(CLAS 2009)
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The O,, O, and I' observables from the ~vp — K A reaction
(GRAAL)
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vp — prr’ (CB-ELSA) (1.4 GeV)

10 |— e CB-ELSA
- O GRAAL

8 2 TAPS
fo i
3 gl
§ =
S B
4

.
. ~ °

¢ ——*

2 13 14 15 16 17 18
M(yp), GeV/c?

PWA corrected cross section and

contributions from ~ A(1232) 7 (dashed)
and N o (dashed-dotted) final states.
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0 GRAAL

L]
—

— Y
— — mmm @

14 15 16 17 18
M(yp), GeV/c?

Contributions from D33 (dotted),
P11 (dashed)
and [)q3 (dashed-dotted) partial waves.
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vp — pr'w’ (CB-ELSA) (3.2 GeV)
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vp — pr'n (CB-ELSA)

Gtot s Mb
S (3]
1 I 1 1 1 1

0:' ..9°|°’.‘1'°.°°...|....|....|....'.'°‘ AR A el LA
16 18 2 22 24 16 18 2 22 24
M(yp), GeV/c? M(yp), GeV/c?

Left panel : contributions from A (1232)n (dashed), S11(1535)7 (dashed-dotted) and
N a((980) final states.
Right panel: D33 partial wave (dashed), FPs3 partial wave (dashed-dotted),
D33 — A(1232)7n (dotted) and D33 — N ag(980) (wide dotted).
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The vp — 7TO77p differential cross section for the total energy region.
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vp — pm’n (CB-ELSA)with linear polarized photon

= (—) {1+ §[1°sin(2¢) + I€cos(2¢)]}, (2)

27

= / I°de*

0
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Beam asymmetry from ~yp — pwon (CB-ELSA)

46
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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

T T T T ] |C

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

| Vi e |
100 200 300
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Search for the pole position in the complex plane
One pole many channel K-matrix: relativistic Breit-Wigner amplitude:

F35-wave

Im M, GeV

-0.2F
-0.25¢
-0.31
-0.351
-0.41
-0.451

Re M Ge\/
T-matrix poles: Re = 1815 MeV, 2 Im = 310 MeV;
Mpw = 1870 MeV, I' gy = 345 MeV

And pole residues are complex numbers:

l Zzgaﬁix(é)

271

0.
-0.051 / P
oolé Re(M? —s—i

48
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P33 wave (3 pole 6 channel K-matrix)

D =det(I —ipK M? — s l—pole:D=M*-s5—iY p;i(s)gs
i J J
i J

P33-wave

Re D=0

"
-l

Im D=0

1.2 1.4 1.6 18 2 22
Re M, GeV

T-matrix poles: M =1210—1:50 MeV;
M =1485—1120 MeV
M =1920—1:160 MeV
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D13 wave (3 pole 6 channel K-matrix)

0 D13-wave
> | / ’
O _0.05}
= : Y A
§ -0.1:'
-0.15 — I’ - &"--....._
) O . 2 :_-’- ra "
-0.25F
1.4 15 16 17 18 19 2
Re M, GeV

T-matrix poles: M =1512—155 MeV,;

M =1720—1170 MeV
M =1860—175 MeV

Re D=0

Im D=0
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Py
0

-0.1

-0.2

Im M, GeV

51

Re D=0
Im D=0

T-matrix poles:
M = 1370—1280 MeV;
M = 1695—1:105 MeV
M = 1860—1:60 MeV

wave: 3 pole 6 channel K-matrix (7N, nN, KA, KX, 1A(1232), No)
P1l-wave
8 \
B - — 2
|||||| L L 1 L L L 1 L L L 1 L L L 2
...... L L 1 L L L 1 L L L 1 L L L 2

Re M, GeV
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S11: 2-pole 5-channel K-matrix N, nN, KA, K and 7A(1232))

0 Sll-wave
0.02} Re D=0
-0.04F
-0.06¢ | sheet: closest to the
-0.08F . .

01l physical region above
o012k 1N threshold.
-0.14F M = 1650—1260 MeV;

14 15 16 17 18 19
> Or
S 002} a Il sheet: closest to the
S .0.04F physical region below
£-0.06f nN threshold.
0.08¢ M = 1525—4100 MeV
-0.1¢ ;
-0.12f |
0.14F
14 15 16 17 18 19

Re M, GeV
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Calculation of the residues

For any function of complex variables ~ F'(s):

jgdsF(s) = Z 211 Res,

The result does not depend on the form of the counter.

Full factorization of the amplitude at the pole position:
%dSAZJ (S) = 271 gigj

The residues g; are complex numbers.

53
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Problem: how to compare our results with other analyses?

For example with Breit-Wigner parameters given in PDG.

We construct the following amplitude:

BW _BW
ABW L gi gj
1]

N M%W—s—iﬁngpi

where My and (3 are fitted to reconstruct pole position and gf W to reconstruct
residues in the pole.

As a cross-check: the procedure works very well for the relativistic Breit-Wigner
amplitude

(9°")? ~ Bg?

and width can be estimated as:

MpwTRY = Im(iB ) g7 p:)
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However in the case of fast increasing phase volumes the Mpw and FFJV also can be
hardly compared with PDG data.
It is better to compare the maximum in 7N elastic amplitude squared and width at half
height.

I 2
1.2_— |AannN|

M=1386, =195 MeV
M=1384, =213 MeV
0.8}
[ Mpw=1410 Mev  T'EV=350 Mev
0.6

0.4} Mpw=1470 Mev  I'BV =550 Mev

12 14 16 18 2
M(TN), GeV
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P 3: 3-pole 8-channel K-matrix
(mN,nN, KA, KX, 1A(1232)(P,F),No, D135(1520))

o; P13-w7ve
Coal A ( | Re D=0
0012 ' | sheet: closest to the
-0.251 physical region below
Py D15(1520)7 threshold.
oA K M = 1730—1i230 MeV;
. 1.8 2 22 2.4
g -0.05} / Il sheet: closest to the
s Oolé ) physical region above
E 02} D13(1520)m threshold.
ool :, M = 1500—i125 MeV
Y M = 1900—4100 MeV
o4sp o\ \ IIIII / | M = 1980—:140 MeV
1.6 1.8 2 2.2 2.4
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The effective mass and width are rather close for both poles BW approximations

0.06

0.05r

0.04}
0.03!
0.02

0.01

|A

2
Nl M=1659, =337 MeV

M=1638, =363 MeV

M g1=1800 MeV

M gy =1950 MeV

BW
F75075

BW
Ftot

=650 MeV

=1500 MeV
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S11-wave transition amplitudes

TN — 1N TN — wA(1232)
Sll-wave
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S11-wave transition amplitudes
TN — nN TN — KA TN — KX
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P11-wave transition amplitudes

TN — N TN — wA(1232)
P11-wave
0.1
— - -
&0.6— P11-wave S:) 0.05F
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02__ _0.1_
of -0.15
i 0.2
0.2f 0.25}
04 22 0313 14151617181.9 2 2122
0.6 C
E™V £ 0.05F
0.4:- ob
0.2 -0.05F
of 0.4F
0.2} -0.15F
_0_4-...|..,.,,,.,,,.,,,,,. O2h
13141516 171819 2 2122

1 12 14 16 18 2 22
M(TN), GeV M(TN), GeV



Bonn-Gatchina partial wave analysis JLab Newport News, 2010

ReT

ImT
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TN — K2

P11-wave
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P33-wave transition amplitudes
TN — N TN — wA(1232) TN — K

P13-wave P33-wave
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Multipoles for the single

Solid curves is our solution, dashed curves - SAID solution, dotted - MAID 20009.
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Multipoles for the K A and K'Y final states. Red - real part , Blue - imaginary part . Solid

curves is our solution, dashed curves - - MAID 20009.
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Tabelle 1: Pole position (in MeV), 7N, nN, KA and K> couplings (in GeV) and photo-
couplings (in GeV _1/2103).

State P11(1440) P11(1710)
Re(pole) 137546 (13654 15) 1690792 (1720+50)
-2Im(pole) 200410 (190430 230150 (230+£150)
g(mN) 0.49+0.03/-4046° 0.16+0.06/-(5720)°
g(nN) 0.1240.05/20£10°  -0.1640.05/-20425°
g(KN\) 0.7040.20/-8+£10°
g(KX) 0.10£0.05/(60759)°
Al/2(~yp) -44+10/-37°£10° -65+25/ —65°420°
State Pi1 (1840) Pis3 (1720)
Re(pole) 1860410 () 1720450 (16754 15)
-2Im(pole) 110730 () 420480 (190+85)
g(mN) 0.1240.04/(15732)°  0.7840.12/-354+10°
g(nN) 0.4640.10/254+12°  0.75+0.15/-15410°
g(KA) -(0.0710°58)10135°  0.60+0.35/-15420°
g(KY) 0.304£0.10/40750°  1.1540.60/-10410°
A2 (~p) -144:6/50° 509 1604:30/-25° £35°
A3/2 (~p) 150460/50° £40°
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Tabelle 2: Pole position (in MeV), 7N, nN, KA and K> couplings (in GeV) and photo-
couplings (in GeV _1/2103).

State P13(1960) P13(1900)
Re(pole) 1970412 (~1900) 1890450 ()
-2Im(pole) 300460 () 2707250 ()
g(mN) 0.1340.20/204£50°  0.1540.10/ (20730,)°
g(nN) 0.704£0.20/54+15°  -(0.407030 (51100
g(KA) (1.1019:59) 70415 -0.7040.35/ (5752)°
g(KY) 0.4040.15/ (355,°)°  0.4010521-(51150)°
Al/2(~yp) 947/-2410° 63420/ 65° +20°
A3/2(~p) 50440/ 55° 4-40° 63415/ 80°430°
State P33(1600) P33(1920)
Re(pole) 1480440 (16004100) 1925440 (1900+50)
-2Im(pole) 230440 (3004100) 320450 (3004100)
g(mN) 0.4040.10/85+15° 0.4540.15/-30+£25°
g(KX) -0.15+£0.08/-15+15°  -0.2040.10/20£15°
A2 (~p) 20+12/55°420° 100420/-55° 415°
A3/2(~yp) 14410/-5°420° 73412/ 35°+15°




