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Motivation and Introduction rom experiment
Data analysis and fit results

!nstraints of the S-matrix

Unitarity: probability conservation
@ 2-body unitarity
@ 3-body unitarity:
discontinuities from t-channel exchanges

— Meson exchange from requirements of
the S-matrix [Aaron, Almado, Young, Phys. Rev. 174, 2022 (1968)]

Analyticity: from unitarity and causality

@ correct structure of branch point, right-hand cut (real, dispersive parts)

@ to approximate left-hand cut — Baryon u-channel exchange

P33 jIo P A P33
1 P A3 i A
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Motivation and Introduction Extracting information from experiment

Data analysis and fit results The h
re of the amplitude
r a reliable determination of the resonance spectrum
Resonances: poles in the T-matrix Opening of inelastic channels:
on the 2. Riemann sheet = branch point and new Riemann sheet

120
Im 7 Mevy 1O
80

BN
b, 01500
e[,/ 1400 Y&‘?‘,

Re(Eg) = “mass”, -2Im(Eg) = “width”
Example: pN branch point at

@ pole position Ep is the same in all Mn + mpe = 1700 £ i75 MeV
channels
@ residues—s branching ratios Inclusion of branch points important to avoid

false resonance signal!
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Motivation and Introduction
Data analysis and fit results The Jiilich model

~ A dynamical coupled-channel approach: the Jiilich model

Dynamical coupled-channels (DCC): simultaneous analysis of different reactions

The scattering equation in partial-wave basis

(WSp T ILSp) = (U'S'p|VI, |LSp) +
T 1
dg @ (US'P|V IS q) e (L"S"q|TY, |LSp)
A 1[(,
’ @ potentials V' constructed from
V= + NT15200 4 effective £
N(d);f‘/ @ s-channel diagrams: T"
_ genuine resonance states
T T TN P K
N~V N @ t- and u-channel: TP

Y A dynamical generation of poles
N . T >

artial waves strongly correlated
v G p 9y g
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Motivation and Introduction
Data analysis and fit results

~ A dynamical coupled-channel approach: the Jiilich model

Dynamical coupled-channels (DCC): simultaneous analysis of different reactions

The scattering equation in partial-wave basis

(U'S'p'|T1,|LSp)

1
dq qz <L/5/p/| vl |L//S// q) -
~, ;;g// / " E— E’Y (q)

(L'S'p'\ VYL, |LSp) +

<L”5”q|T vILSp)

Imz

23 GeV
@ (2-body) unitarity and analyticity respected nN N I (4923

----------- Physica
@ 3-body N channel: T

- parameterized effectively as 7A, oN, pN

Re z

- wN/mm subsystems fit the respective phase shifts

L branch points move into complex plane oN
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Motivation and Introduction g information from experiment
Data analysis and fit results

uction
ches

@ Field theoretical approaches : DMT, ANL-Osaka, Jiilich-Athens-Washington, ...

Example: Gauge invariant formulation by Haberzettl, Huang and Nakayama
Phys. Rev. C56 (1997), Phgs Rrev. C74 (2006), Phys. Rev. C85 (2012)

bmb e e

!

complicated, involved construction/calculation

Focus of the present analysis:

extraction of resonance parameters

= flexible, phenomenological parameterization of photo excitation

@ Advantage: easy to implement, analyze large amounts of data

@ Disadvantage: no information on microscopic reaction dynamics

Deborah Rénchen, NSTAR2015 Combined analysis of pion- and photon-induced reactions




Motivation and Introduction
Data analysis and fit results

Multipole amplitude

[/ // U 1
My =Vu Z TGV iy

(partial wave basis)

m=m,n,B=N,A
Tuw: Jilich hadronic T-matrix ~ — Watson's theorem fulfilled by construction
—> analyticity of T: extraction of resonance parameters

Phenomenological potential:

_ 5 (q) NP 'Ya;i(q)P[P(E)
= ‘;17NP“ (By+> it

E—mb

Vin(E.q=
N

i
NP
Pﬂ
’yl'i, ’Y;i-i: hadronic vertices — correct threshold behaviour, cancellation of singularity at £ = m?
— ,,; affects pion- and photon-induced production of final state mB
iz resonance number per multipole; i channels 7N, nN, TA
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Motivation and Introduction
Data analysis and fit results

Data analysis and fit results
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Motivation and Introduction Fit results
Data analysis and fit results R

!Iysm of pion- and photon- mduced reactions

s-channel: resonances (TF)

Fit parameter:

@ 7N — «N
7~p— nn, KOA, K020, Ktx—
+tp —» Ktut

Mpare + TN+
= 128 free parameters

11 N* resonances X (1 mpgre+ couplings to wN, pN, nN, A, KA, KX))
+ 10 A resonances X (1 mpgre+ couplings to N, pN, A, KX)

v g
® yp— 7p, whn, mp >~
. +
= up to 456 free parameters v e 5
couplings of the polynomials P’

L calculations on the JUROPA supercomputer: parallelization in energy (~ 300 - 400 processes)
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Fit results

Motivation and Introduction
Data analysis and fit results Re!

_ simultaneous fit to 7- and ~-induced reactions

Fit A Fit B

aN = 7N
Tp— nn
7~p— KOA
7~ p— KOO
mp— Kt¥—

tp - KTyt

PWA GW-SAID WIO08 [amdt et al, PRC 86 (2012)
do/dQ, P
do/dQ, P, B
do/dQ, P
do/dQ2
do/dQ, P, B
~ 6000 data points

p — 70p
yp — wtn

¥p = np

do/dQ, %, P, T, Aoy, G, H
do/dQ), %, P, T, Aosy, G, H
do/dQ, P, do/dQ, P, X, T, F
29,392 data points 29,680 data points

Deborah Rénchen, NSTAR2015

@ More single/double
polarization:

E, Cu1. Gy,
T,P,H (ELSA 2014)
(vp = 7°p)

= predictions

— T, F: Akondi et al.
(A2 at MAMI)

PRL 113 10, 102001 |2014.£

Combined analysis of pion- and photon-induced reactions



Motivation and Introduction Fit results
Data analysis and fit results

— np selected results, arXiv:1504.01643 [nucl-th]
= = = = I, F notincluded T, F included

@ Differential cross section

@ Recoil polarization

1.6 e 1 ‘
3

= 4T 1488 1 sl ™ Joal : {4; - only 7 data points in total -
2 12fe ) ] 1755 e
30;’ Jos o3 2142 1 1+ 4
% 06 Joat Hoz2 g 05
© 0.4 [aopentfRffe ] _ﬁ\..\-
° 02f o1k E

021 1 P 0

%0730 60 90120150 0 30 60 90120150 0 30 60 90120150 05
© [deg] © [deg] © [deg] ’

[1] McNicoll 2010 (MAMI), [2] Williams 2009 (JLab), [3] Credé 2009 (ELSA), [4] Credé 2005 (ELSA) L1

@ Beam asymmetry

1 e T \F 7 1 0.5 H \\-
1496
051 Jos} *‘“\ Jo05F E P of 4
7 A / N
Y o AdaaAias A 0 V2 Q* o -0.5 IN/ .
05} J 1680
05 4 1754 o5 1843 g i
e I e[l 0 50 100 150
1630 50 80 120150 0 50 100 150 o 50 100 150 O [deg]

0 [deg] ® [deg] O [deg] [6] Heusch (Caltech),
PRL25, 1381 (1970)

[4] Bartalini 2007 (GRAAL), [5] Elsner 2007 (ELSA)
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Motivation and Introduction Fit results
Data analysis and fit results R

! Yp — np arXiv:1504.01643 [nucl-th]

Data: Akondi et al. (A2 at MAMI) PRL 113 10, 102001 (2014)

REN 556 |

- = = = prediction
fit

L Bmaonme s e e e e o R Polarization:
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Motivation and Introduction
Data analysis and fit results e parameters

!content: 1=1/2 arXiv:1504.01643 [nucl-th]

Pole search on the 2"¢ sheet of the
scattering matrix T,

7N N NN KA KX physical axis
0 T 1 L 1 1
Resonance parameter: b A xNIS20)32 N s )
@ "mass” = Re(Ep) 50~ Nasssy vz B N(1680) 5/2
L g ®o%pN i
@ "width"= —2Im(Ep) N(1710) 172
-100~ N(1440) 122" oo N(1720) 3/2*29?\ .
@ Residues — branching ratios L | N(1990) 772 i
. By .
Ey: pole position 2 -150— N(2190) 7/2
o 3 N(1750) 112" 4 1
£ -200— XN O,
r 1620 1640 1660 N(2250) 9/2° b
2501 ‘ N 16‘80 5" ] :
— no new states compared to F L Nazio it OEQ( ’{9’ d.s0 1
Jiilich2012 300F 1B naersse O N@20) 92§
(Julich2012: only pion-induced data) rC : : 7"‘00 ‘ ‘ ]
1000 1200 1400 1600 1800 2000 2200
— no narrow structure at 1.68 GeV Re E [MeV]
(seen in eta photoproduction on the
neutron)

x: branch points  Notation: N(“name”) JPority
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Motivation and Introduction Fit results
Data analysis and fit results Resonance parameters

—rameters selected results, arXiv:1504.01643 [nucl-th]

T/2172
Re £y 2Im Ep el Oanonn % OxNsmi
[MeV] [MeV] [MeV] [deg] %] [deg]
fit
N(1535) 1/2~ A 1497 105 23 —48 51 110
B 1499 104 22 —46 51 112
Ahad 1498 74 17 —37 51 120
N(1710) 12t A 1611 140 27 —40 6.1 175
B 1651 121 32 55 16 —180
Ahad 1637 97 4 —30 24 130
fit A: T, F not included fit B: T, F included fit Apaa: Jiilich2012, only pion-induced data

Deborah Rénchen, NSTAR2015 Combined analysis of pion- and photon-induced reactions 14/18



Motivation and Introduction Fit results
Data analysis and fit results Resonance parameters

les for yp — np
on with the Bonn-Gatchina 2014-02 solution

=

L 1. L

1600 1800 2000 2200

1600 1800 2000 2200

Re(A) [10° fm]

0 fm]

M
1600 1800 2000 2200

0.08
0.04)

J-0.04

7 o004
0.2

0.02

M M L L A,

1600 1800 2000 2200 1600 1800 2000 2200 1600 1800 2000 2200 1600 1800 2000 2200 1600 1800 2000 2200
eV

LT
1600 1800 2000 2200

(Black) solid line: BG 2014-02. Dashed (blue) line: fit A; solid (red) line: fit B.
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Motivation and Introduction
Data analysis and fit results e parameters

0
Yp = pVSYp = T p
the Bonn-Gatchina 2014-02 solution

@ Example: E5_ and M3;_ multipoles (Fys, F3s5)

P — np
T T =T
E ~ E
@ o
=) k<)
< <
& e
_ -2 M, (1/2,p)
E E%S
@ B
°_ 25
e 272
= =15
< < 1
E E o5
! 0 ) N ! |
1600 1800 2000 2200 1600 1800 2000 2200 1200 1600 2000 1200 1600 2000
E [MeV] E [MeV] E [MeV] E [MeV]
(Black) solid line: BG 2014-02. Dashed (blue) line: fit A; solid (red) (Black) solid line: BG 2014-02. Dashed (blue) line: fit A; solid (red)
line: fit B. line: fit B.

= Multipole content of yp — np seems less well established than for vp — 7N

= Convergence with larger data base of yp — np?

Deborah Rénchen, NSTAR2015 Combined analysis of pion- and photon-induced reactions



Motivation and Introduction
Data analysis and fit results Resonance parameters

Extraction of the N* and A resonance spectrum

from a simultaneous analysis of pion- and photon-induced reactions

@ DCC analysis of TN — wN, nN, KA and KX
@ 7 and 7 photoproduction in a semi-phenomenological approach

Comparison of 3 different fits:

@ simultaneous fit of 7N, YN — X without recent MAMI T and F data
@ simultaneous fit of 7N, YN — X with recent MAMI T and F data
@ earlier fit (Julich2012), only 7N — X

= noticeable influence of photoproduction data in general / new polarization observables

Ly

- on pole positions and photocouplings
- on hadronic couplings

Deborah Rénchen, NSTAR2015 Combined analysis of pion- and photon-induced reactions



Motivation and Introduction Fit results
Data analysis and fit results Resonance parameters

Thank you for your attention!
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—t the pole selected results, arXiv:1504.01643 [nucl-th]

Ig: isospin factor

h ~ qp (kp): meson (photon) momentum at the pole
Ahole = Ahole fi Ab o — " m Res Ah J'= 1 + 1/2 total angular momentum
P 14 pole my FrN Eg: pole position

h=1/2, 3/2

rpN: elastic TN residue

s o
1073 Gev™3]  [deg]
fit fit A: T, F not included
N(1535) 12~ A 107 46 it B: T, F included
B 106 52 fit 2: Jiilich2013, only
2 50t2 —1 4ﬂ% (samep[l)(;rl]ep;:st?tfgzguacstlf(“)'l? Ahad)
N(1710) 12 A 7.1 —177
B 20 —-83
2 28%9 10372
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les: yp — 7p
on with the Bonn-Gatchina 2014-02 solution

Resonance parameters

Photon-induced reac

Re(A) [1
b Ebon

M, (1/2p)

M, (172

m]

o v 3 &

200 1600 2000 1200 1600 2000

1200 1600 2000

1200 1600 2000

— 02 T 20 ——

15 T T

E A~ \Y

/
g 7_& E,. (12p) }_.; h

7
F C\:

C 3y
L

_ﬁ M, (1/2,p)

s ]

05 4

L L
1200 1600 2000

0 L
1200 1600 2000

r T0.05

1 on 7—0{ M, (172,p) }—;
[ A

L i L 4 L L
1200 1600 2000 1200 1600 2000 1200 1600 2000

1 L L
1200 1600 2000

E,, [MeV]

L n
1200 1600 2000

(Black) solid line: BG 2014-02. Dashed (blue) line: fit A; solid (red) line: fit B.
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!:ed eta production: 7= p — nn arXiv:1504.01643 [nucl-th]

‘187‘2Me‘v ‘ “198‘9Mév

o H T ————
1509 MeV 1576 MeV 1664 MeV = 1740 MeV
—=04f F 1r 1 2
w
S o3l £
E™ g
S o2f2 ®
S B :
T oaf 1 x
- o
1729MeV ,~ || 1805MeV .| 2235MeV _
) / rs)
3 02F /1T A ] 2
E )
le] o °
2 o1t r /] 3
3 ' x OS>
AR o S
-1-050 05 1-1-05 0 05 1-1-05 0 05 1 -1-050 05 1-1-05 0 05 1-1-05 0 05 1
cosf cosf cos@ cos® coso coso
fit A: T, F not included fit B: T, F included fit Apaq: Jiilich2012, only pion-induced data

Deborah Rénchen, NSTAR2015 Combined analysis of pion- and photon-i 3/19




Resonance parameters

!entent: 1=3/2 arXiv:1504.01643 [nucl-th]

Pole search on the 2"¢ sheet of the

scattering matrix T, 0 e ‘ K physical avs
L A 4
x 3
-50+ 5 aqe0) 1727 O - .
Resonance parameter: [ A0232) 32" : ) * QA(IQOS) " 1
P ) -100 - A(1700)32°9 | -
@ "mass” = Re(Ey) i o/ B ©A1os0) 72"
P -150- A(1600) 372" .~ B B
@ "width"= —2/m(Ep) < L e o " ]
@ Residues — branching ratios 5-2005 A(1910) 172/ AQ200) 72" 7
/ B
Eo: pole position "'é 2501 - B
~ o0l % OgAER400) 92
L g - ]
-350|~ A(1930) 572 ]
wolb  ZFtA i
— no new states compared to [ © FitB o AG1920) 32" 1
Julich2012 450 [ L, L R
e . Ao 100 1200 1400 1600 1800 2000 2200
(Julich2012: only pion-induced data) Re E [MeV]

x: branch points  Notation: N(“name”) JPoity
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arXiv:1504.01643 [nucl-th]

0.6
04

0.2

I I IR S
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=
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T T T

T T T T T
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2
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© 0 @
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do/dQ [ub/sr]

do/dQ [ub/sr]

Re:

nce param

Photon-induced reactions

~ Pion photoproduction: selected fit results

arXiv:1504.01643 [nucl-th]

° p—n'p
o [1] ! o 2
1074 MeV 0.5 a 4]
0.01} Yo 0
K o os 1785 2
oLas2t T A o6] 1469
0 30 60 90120150 0 30 60 90 120150 0 30 60 90120150 0730 60 90 120150 180
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@ yp — 7w n
20 —— 1 1
u[7] e [10] 10 1364 *
5l i 05} 1660 05 3
_5
ro 8
10} . Go T o
05 o 05 1232
5 .1162 . ug] 5 a[11
0 50 100 150 200 "o 50 100 150 o5 0 10 0 50 100 150
0 [deg] @ [deg] @ [deg] @ [deg]
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[1] Schmidt 2001 (MAMI)
[2] Elsner 2009 (ELSA)

[3] Sparks 2010 (ELSA)
[4] Bartalini 2005 (GRAAL)
[5] Thiel 2012 (ELSA)

[6] Ahrens 2002 (MAMI)

[7] Ahrens 2004 (MAMI)
[8] Bartalini 2002 (GRAAL)
[9] Ajaka 2000 (GRAAL)
[10] Ahrens 2005 (MAMI)
[11] Ahrens 2006 (MAMI)
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larization in yp — 70p

ed in fit
[1] Gottschall et al. 2013 (ELSA) PRL. 112 1, 012003 iq :i g
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[2] Hartmann et al. 2014 (ELSA) PRL 113, 062001
I R e e R s e L e e
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70

d in the Fit

Data: J. Hartmann et al. 2014 (ELSA)
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Resonance parameters

Photon-induced reactions

—ontribution in Fand T in~vyp —np arXiv:1504.01643 [nucl-th]

1 T T T T T T T T T T T T T T
0.5} 1 + .
0 qgnﬂ'!"‘b{‘; Y — Fit B, full solution
)
0.5} 1534+ 1646 1 1847 1 1 Tie 1
_1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 30 60 90 120150 0 30 60 90 120150 0 30 60 90 120 150
0 [deg]
1 T T T T T T T T T T

0.5
0 Amﬁ

1534
-0.5 + 1646 8

— Fit B, full solution
1847 i — S Py Dy

"0 30 60 90 120150 0 30 60 90 120150 0 30 60 90 120 150
6 [deg]

Ly
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Resonance parameters

Photon-induced reactions

! contribution in F and T inyp — np arXiv:1504.01643 [nucl-th]

1

0.5 b B

0 m? Y Fit B, full solution

- P,.,D

05+ 1534 4+ 1646 | 1847 4 Si1 Pig Dig
all s-, p-, d-, f-waves
_1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 30 60 90 120150 O 30 60 90 120150 0 30 60 90 120 150
0 [deqg]

1 T T T T T T T T T T T

0.5
0 Am&

1534
-0.5 T 1646 1

— Fit B, full solution

1847 . - S11’ P13’ D13

— all's-, p-, d-, f-waves

Ly
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|

Polynomials:
- Eg = 1077 MeV
Y .
E—Ey\ _, _
PP(E) = ngj (#) e~ 9int1(E—Eo) - giF:j’ g":‘;f: fit parameter

j=1
- e~9(E=E0): appropriate
high energy behavior

n .
PYP(E) = ZgNP (ﬂ)l o= N1 (E—Eg)

Hof N -n=3
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qto aN = WN’ nN’ KA, K%

Resonance param:

Photon-induced reactions

World data base on nN, KA, KX

PWA

O tot

do
dQ

N — 7N

T p—nn
7 p— KA
7 p— K0
T p— Kts~

ntp = KTxt

GWU/SAID 2006
up to ]=9/2

62 data points

66 data points

16 data points

14 data points

18 data points

38 energy points
z=1489 to 2235 MeV
46 energy points
1626 to 1405 MeV
29 energy points
1694 to 2405 MeV
15 energy points
1739 to 2405 MeV
32 energy points
1729 to 2318 MeV

12 energy points
1740 to 2235 MeV
27 energy points
1633 to 2208 MeV
19 energy points

1694 to 2316 MeV

32 energy points
1729 to 2318 MeV

7 energy points

1852 to 2262 MeV

2 energy pionts
2021 and 2107 MeV
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nduced reactions
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* Erroranalysis

@ 2 + 1 criterion: determination of the non-linear parameter error

@ error of parameter p; determined by range of p; such that szm'n rises by less
than 1

=> error on pole positions and residues.

—— T T
T
1 [ ]
o1 z 100 &o
: A,
| N 'Y
E -120 °
B0 P R Y 7P N B R B
1600 1800 2000 1600 1800 2000 1740 1760 1780
z [MeV] z [MeV] Re 7 [MeV]

NPBA 851, 58 (2011)

BUT: numerically not possible with > 500 free parameters

Work in progress: Developing of techniques to apply Monte-Carlo error propagation using
bootstrap method (M. Déring et al.) J

Hiske
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Resonance parameters

Photon-induced reactions
tice
f lattice data

[M. Déring et al., EPJ A47, 163 (2011)]

Scattering equation:

oo}

1
T“,l:V”,/—l-/dZV”, .T,I
(q”,9") (q”,9") 9q°V(q",q) “E@) BT (9,9")

Discretization of momenta in the scattering equation:

H3q =2 1 -2 = 271'_‘ - 3
/(Zﬂ)3f(|QI) - F;f(|qi| ), Gi="TH ReZ

T(q".qd) = V(' q)+ Z HDV(G", ) TR B@ T(qi,q),

9P (i) series
@ Study finite-volume effects
@ Predict lattice spectra

Deborah Ronchen, NSTAR2015
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7N — 7N partial wave amplitudes

Fit A and Fit B

I—— R T
q [ m ]
0.8—|m Sy B 08 38 7
0.6 Bl 06 ]
04 8 04l n
021 - 02l om0 B
R I A
osl ™ P ] 025F
. 0 4 [
[ ] 0.2
0.6~ o | L
. oal . 01 Re Dy 0151
L oL ] 0.1F
L0021 5%% L
b 021 b 005
P I Y O I Y I R R | ) i R R
1200 1400 1600 1800 2000 1200 1400 1600 1800 2000 1200 1400 1600 1800 2000 1200 1400 1600 1800 2000
E [MeV] E [MeV] E [MeV] E [MeV]

@ Notation: Ly

@ Input to fit: energy-dependent partial wave analysis, GWU/SAID 2006
up to J =9/2 ( ~ Hs)
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Resonance parame

Photon-induced reacti

!, KA selected results, arXiv:1504.01643 [nucl-th]

7 p—=nN 7 p— K°A
— a5l 149BMeV qrISOTMeV T 1897 Mev 2oL z=1626Mev 1l 1707Mev 1L 2316Mev ]
) =
3 02f Y
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-?3 0.1 +6%0 %, 40k ] e ]
0.05F _ %
A A i A olaseem T TG .
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g B P 05F #‘* 1 g
% 0 guos nN ol
2 T |
s ° L |
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005l I IR | AR TR A
1050 05 1-1-050 05 1 ‘55555 -1-050 05 1-1-050 05 1 1050 05 1
cos® cos® “cos® cos® cos® cos®
Deborah Rénchen, NSTAR2015 Combined analysis of pion- and photon-induced reactions 16/ 19




! selected results, arXiv:1504.01643 [nucl-th]

7 p — K0 mp— K2~ atp - KT2t
I I S A T T E T TR AR 80 T
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e I 1 oo T 1% s ¥
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—-—§—§_ﬁ. By = 201 3 1 1
S LY
005005 11050 05 1 0105005 1-1:050 051 105005 050 051
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| 2031 MeVv ] 2 =2021 MeV
No polarization data!

B [rad]

[ 2208 MeV
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ce paramet

duced reactions

~ Partial wave contribution to F in yp — np

Switch off different PWs in Fit B

0.5

arXiv:1504.01643 [nucl-th]

1497

1516

— E,, switched off
+

' 1534

1558

60 90 120 150

Deborah Rénchen, NSTAR2015
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ce paramet

duced reactions

!e contribution to F in yp — np arXiv:1504.01643 [nucl-th]

Switch off different PWs in Fit B

M, switched off
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ce paramet

duced reactions

!e contribution to F in yp — np arXiv:1504.01643 [nucl-th]

Switch off different PWs in Fit B

E,., M,, switched off
+ 1+
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~ Photoproduction of pseudoscalar meson

@ Photocouplings of resonances
@ high precision data from ELSA, MAMI, JLab...— resolve questionable/find new states

Photoproduction amplitude of pseudoscalar mesons:

Chew, Goldberger, Low, and Nambu, Phys. Rev. 106, 1345 (1957) G: meson momentum
k

(€): photon momentum

M=FG e+iFe (kx§) +F6 ki -+ Fid-44-€ J (polarization)

F: complex functions of the scattering angle, constructed from multipole amplitudes Mﬂ,y

= 16 polarization observables:
asymmetries composed of beam, target and/or recoil polarization measurements

= Complete Experiment: unambiguous determination of the amplitude
8 carefully selected observables, including Chiang and Tabakin, PRC 55, 2054 (1997)

@ single and double polarization observbales
@ measurement of beam, target and recoil polarization

L, easier to realize in K than in 7 or n photoproduction

< Caveat: in reality more observables needed (data uncertainties)
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