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Pion-induced reactions
ron spectrum:
eriment and QCD

Predictions for resonances (e.g. from lattice J < Intensive experimental effort (e.g. at MAMI, J
I

calculations, Dyson-Schwinger, quark models ) ELSA, JLab (CLAS), ..)

Theoretical data analysis required
(e.g. GWU SAID, DMT, GieRen, Bonn-Gatchina, MAID, ANL-Osaka, Zagreb, KSU, ...)

— here: The Jiilich model
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FORSCHUNGSZENTRUM

Deborah Rénchen, PWA 7 2013 Baryon Resonances in a Dynamical Coupled-Channel Model 2/ 27



Pion-induced reactions
Photon-induced reactions
 The scattering equation
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Pion-induced reactions
* Basic features of the Jiich moc

/ N*(1650)S11

Definition of a resonance:

N*(1535)S11

@ Analyticity is respected

1800 | Pole in the complex plane of the| o real parts of T
scattering energy E (£ z = W); °
160 N - Pole position (“mass & width”) c0|.'rect structure of branch
1500 (&N - Residues (“branching ratios”) points and cuts

lm g 50
Eldgey, 1400 o
v e .
s Ee — Resonance parameters in
osf- Ims,, _ .
terms of poles and residues

T T T T T

06 e 1

 /

@ Unitarity is respected — meson exchange from 3-body unitarity

[Schiitz, Haidenbauer, Speth, Durso, Phys.Rev. C57 (1998) ; Krehl, Hanhart, Krewald, Speth, Phys.Rev. C62 (2000);
Gasparyan, Haidenbauer, Hanhart, Speth, Phys. Rev. C68 , (2003)]
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Pion-induced reactions
Photon-induced reactions

;-channel dynamics in 7N — 7N, nN, KA, KX EurPhys.J. A49 (2013) 44

Analysis details

@ Simultaneous fit to elastic #N PW and 7N — nN, KY
observables (do/dS2, P, B)

@ 196 free parameters, minimization using MINUIT on the
JUROPA supercomputer

Selected results: Fit A and Fit B
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Pion-induced reactions Formalism
Photon-induced reactions R

uction
ches

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

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

= 16

T
[ (600, 1416) ]

= microscopic reaction dynamics

E.g.: gauge invariance restoring contribution = I N7
removed ’ £ I G

New approach:

Combine good analytic properties of Jiilich hadronic T-matrix with a

flexible and model independent parameterization of photo excitation

= analyze large amounts of data

= electromagnetic resonance parameter ICH
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Pion-induced reactions
Photon-induced reactions

~ Photoproduction in a phenomenological approach

The photoproduction amplitude

MY = V) + TuuGa VY

T.ur: Jilich hadronic T-matrix
— Watson'’s theorem fulfilled by construction
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Pion-induced reactions Formalism

Photon-induced reactions Results
~ The phenomenological potential
v m
; e (q)PP(E)
V"(E_’q): ’ ’Y‘ul(q) NP 'YZ,,(Q)Pl (
14 N L’ B P (E) Z 7E — mf’
pNP i

'yp i 'y# G hadronic vertices — correct threshold behaviour

i:  resonance number per multipole

Method inspired by SAID
w: channels ©N, N, TA but different J

= Fit for yp — 70p, 7t n

@ fit in 2 steps:
1. to GWU/SAID CM12 multipoles = good starting point for observables

2. to data : do/dQ, X, T and P = final solution
Data base: GWU/SAID up to 2.4 GeV, + 5% syst. error
~ 22 000 data points
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Pion-induced reactions
Photon-induced reactions sults
_ :

v — 70p
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- — 7%p: do/dQ) [ub]

Pion-induced reactions Formalism
Photon-induced reactions Results

(preliminary)

threshold region
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-) — 70p: do/dQ) [ub]

Pion-induced re:
Photon-induced re:

actions Formalism
actions Results

(preliminary)
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Pion-induced reactions Formalism
Photon-induced reactions Results
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Pion-induced reactions
Photon-induced reactions

threshold region

Formalism

Results

(preliminary)
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Pion-induced reactions Formalism

Photon-induced reactions Results
p: T medium energies (preliminary)
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Photon-induced reactions

Pion-induced reactions Form

high energies
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Results

(preliminary)
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Pion-induced reactions Fol
Photon-induced reactions Results

new CLAS data (prediction) arXiv:1308.4028 [nucl-ex] (preliminary)
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Pion-induced reactions
Photon-induced reactions sults
_ :

Yp — TN
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 p = wtn: do/dQ [ub]

Som s oo

Pion-induced reactions
Photon-induced reactions

Formalism

Results

threshold region

(preliminary)
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Pion-induced reactions Formalism
Photon-induced reactions Results

high energies

(preliminary)
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Pion-induced reactions Formal
Photon-induced reactions Results

~ Multipoles: Comparison with GWU/SAID CM12, isospin 3/2 (preliminary)

£
©
<
5
&
£
©
2 0
2 ]

L T
125 15 175 2 225 2. 125 15 175 2 225

1125 15 175 2 225 2,

0
05 W
-1

ask
1

Re(A) [10° fm]

Im(A) [10° im]

_A

125 15 175 2 225 2.

—
e,

Re(A) [10° fm]

Im(A) [10° fm]

L
s 112515175 2 22525 112515175 2 22525

E.p (GeV] - JOLICH

FORSCHUNGSZENTRUM

Deborah Rénchen, PWA 7 2013 Baryon Resonances in a Dynamical Coupled-Channel Model 27




Pion-induced reactions Formalism
Photon-induced reactions Results
* Millipoles: £y (x%p) s

(preliminary)
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0 3
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See also Hilt, Tiator et al. arXiv:1309.3385v1 [nucl-th]
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Pion-induced reactions Fi
Photon-induced reactions Results

_ prediction (preliminary)
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Pion-induced reactions Formalism
Photon-induced reactions Results

prediction (preliminary)
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Pion-induced reactions
Photon-induced reactions

[ub] prediction (preliminary)
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05

p = 7% :

Pion-induced reactions
Photon-induced reactions

prediction

(preliminary)

215254 BH79

-
;
:

215254 BH77

Rl

0 30 60 90120150 0 30 60 90 120150 0 30 60 90 120150 0 30 60 90 120150 O 30 60 90 120150180

1232.23 AHOS 1822.05 BH79 1872.84 BH79 1872.84 BH77 1922.28 BH79 1922.28 BH77 1970.49 BH79
_\;G/\/ \%5/\1 N/\/ N’A/ \A
197043877 201754 BH78 201754 8177 202528478 205352 8H77 oesoBHTs 210850 8H77
195.70 BHT 2238.02 BH79. 79.56 BH79 30 60 90 120150 0 30 60 90 120150180

yp — wtn:
1 Frziesonies 1232.23 AHOS 123982 BLo4 123082 L84 126232 BL4 1481.19 8580 1512.54 8580
05 S °
°
O ET Ak N D T N N
05
-1
1T 154324 8580 167335 8580 1602.89 BS80 1631.69 BS80 1660.39 BS80 1674.46 BS80 1702.25 BS80
05
2 4 L &
Vug WW\{@\/\W\_{T\/\,—/\/
5 1 u i At
1 172959 8560 1756.50 8560 1783.01 B8 1400.13 8360 1834.8 B8
05 4 i
0 \t\/\/‘
05 £
M IS 4 3 ! 1860.27 B8 1865.32 8580
s Iy 3 2006.88 8580 2029.14 880 202138580
05
o \N\/W\J\F/\/ 4
05 i
° lotooussio| g 1ssassesm 1958558580 1992358550 i
1F 2074.86 BSBO 30 60 90120150 0 30 60 90 120150 0 30 60 90 120150 0 30 60 90 120150 O 30 60 90 120150180
0.5
0 \/\/\,/\/E/\/J

05
-1

2097.35 BS80

030 60 90 120150 0 A0 &0 90 120150180

Deborah Roénchen, PWA 7 2013

Baryon Resonances in a Dynar

#) JOLICH

FORSCHUNGSZENTRUM

al Coupled-Channel Model 25,




Photon-induced reactions Results
w1 G new CB-ELSA/TAPS data prediction (preliminary)

_ AT A. Thiel et al., PRL 109 (2012) 102001
CB-ELS APS data and A.Thiel and H. Eberhardt et al., EPJA in preparation
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Pion-induced reactions E
Photon-induced reactions Results

!and outlook

Summary:

@ Good analytic properties of dynamical coupled-channel model + flexible
phenomenological approach

— Data analysis of do/dQ, 2, T, P
( x%/(#data - #parms)=1.08, including 5% syst. err.)
— Predictions for G, H and E

— Photo residues determined

Outlook:

@ Systematic test of resonance content
@ Improve high energy limit

@ Formalism prepared for 7 and K photoproduction

@ Full dynamical coupled-channel results for K photoproduction within the
Jiilich-Athens-Washington approach: soon

#) JOLICH

FORSCHUNGSZENTRUM

Deborah Rénchen, PWA 7 2013 Baryon Resonances in a Dynamical Coupled-Channel Model 27/ 27



~ Multipoles: Comparison with GWU/SAID CM12 (preliminary)
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n: Y high energies (preliminary)
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! Dy new CLAS data (prediction) arXiv:1308.4028 [nucl-ex] (preliminary)
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n T medium energies (preliminary)
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Polynomials:

- Ey = 1077 MeV
" .
E—E\ _gr _
PP(E) = ngj (WO) e~ i1 (E—Eo) - giF:j’ g":‘f;: fit parameter
j=1
- e~9(E=E0): appropriate
high energy behavior

U E—Ey\/ _pw _
PEP(E):ZgNP <4 ) e 9,041 (E—Eq) h=3
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@ Hadronic reactions: data well above threshold — isospin averaged masses

@ Pion-photoproduction: data near threshold — include isospin breaking

< use exact 7° (77) and p (n) mass

Eam <1140 MeV:
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@ Hadronic reactions: data well above threshold — isospin averaged masses

@ Pion-photoproduction: data near threshold — include isospin breaking

< use exact 7° (77) and p (n) mass

Eam <1140 MeV:
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~ «N — «N: Partial wave amplitudes I=1/2

Eur.Phys.J. A49 (2013) 44
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~ Full results nN: do/dQ
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~ Full results nN: do/d2 & Polarization
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!: Total cross section EurPhys.J. A49 (2013) 44
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- Full results KA: do/d
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~ Full results KA: Polarization
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~ Full results K'A: Spinrotation parameter 3
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! Total cross section EurPhys.J. A49 (2013) 44
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~ Full results K°X: do/d)
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!(020: Polarization
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* KISP: Paial wave ortent (=12
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_Total cross section EurPhys.J. A49 (2013) 44
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~ Full results Kt%*: do/dQ
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~ Full results KT+ Polarization
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_otal cross section EurPhys.J. A49 (2013) 44
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* Resorance corfort: 112
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* Resonance corfort: 1-32
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!e content: | = 1/2

Re z -2lm z [ran] OrN—nN Tan/Thot
[MeV] [MeV] [MeV] [deq] %]
fit— A B A B A B A B A B
N(1535) 1/2~ 1498 1497 74 66 17 13 -37 -43 40 44
N(1650) 1/2~ 1677 1675 146 131 45 27 -43 -38 61 41
N(1440) 1/2?;) 1353 1348 212 238 5 62 -103 -111 56 52
N(1710) 12+ 1637 1653 97 112 4 8 -30 34 8.2 14
N(1750) 1/2?; o) 1742 (nf) 318 - 8 - 161 - 51 -
N(1720) 3/2% 1717 1734 208 306 7 18 -76 -23 66 116
N(1520) 3/2~ 1519 1525 110 104 42 36 -16 10 79 69
N(1675) 5/2~ 1650 1640 126 178 24 34 -19 -32 39 38
N(1680) 5/2+ 1666 1667 108 120 | 36 41 -24 -24 67 68
N(1990) 7/2+ 1788 1936 282 244 4 4 -84 87 |32 36
N(2190) 7/2~ 2092 2054 363 486 | 42 44 -3 57 | 23 18
N(2250) 9/2~ 2141 2036 465 442 | 17 13 67 62 | 75 57
N(2220) 9/2+ 2196 2156 662 565 87 46 -67 -72 26 16
#) JOLICH
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!nce content: 1 = 1/2 Branching ratios

D s, N

T TN—=nN ﬁ TN—KA T TN—=KS

] [deg] ] [deg] ) [deg]

A B A B A B A B A B A B
N(1535) 1/2~ 51 48 120 115 77 83 68 77 15 34 -74 -83
N(1650) 1/2~ 15 12 57 46 25 18 -46 -43 26 15 -63 -59
N(1440) 1/2?:7) 2 5 -40  -26 2 " 156 152 1 2 67 189
N(1710) 12+ 24 23 130 164 9.4 17 -83 -H1 39 0.1 -136 112
N(1750) 1/2?;0) 0.5 - -140 - 0.8 - =170 - 22 - 4 -
N(1720) 3/2F 1.2 31 98 17 31 29 -89 -63 17 22 64 90
N(1520) 3/2~ 35 3.0 87 113 | 58 6.3 158 177 | 08 3.6 163 164
N(1675) 5/2~ 6.0 3.6 -40  -66 | 03 17 -93 122 | 33 37 -168 179
N(1680) 5/2F 0.4 15 -47 54 | 02 0.3 -99 72 | 041 0.1 141 4
N(1990) 7/2F 0.4 0.5 -99 9 | 1.7 15 123 -99 | 08 1.2 28 70
N(2190) 7/2~ 0.1 0.4 -28 99 | 19 0.3 -51 =75 | 13 05 -63  -105
N(2250) 9/2~ 0.6 0.1 -92 -96 | 11 07 -103 -106 | 0.3 07 -114 62
N(2220) 9/27 0.1 0.3 63 74 | 09 0.8 53 59 | 08 0.1 -138 52
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! content: | = 3/2

Re zy 2lm z [Fen] OxN—s =N
[MeV] [MeV] [MeV] [deg]
fit— A B A B A B A B
A(1620) 1/2~ 1599 1596 71 80 17 18 107 -107
A(1910) 1727+ 1788 1848 575 376 | 56 20 -140 -143
A(1232) 327+ 1220 1218 86 96 | 44 50 35 38
A(1600) 3127, 1553 1623 352 284 | 20 27 158 124
[A(1920) 3/2* 1724 1808 863 887 | 36 19 163 -70]
A(1700) 3/2~ 1675 1705 303 185 24 14 -9 -4
A(1930) 5/2~ 1775 1805 646 580 18 14 -159 3
A(1905) 52+ 1770 1776 259 143 17 9 -59 -40
A(1950) 7/2F 1884 1890 234 232 | 58 58 -25 -19
A(2200) 7/2~ 2147 2111 477 353 17 20 -52 7
A(2400) 9/2~ 1969 1938 577 559 | 25 19 -80  -112
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—)ntent: | =3/2 Branching ratios

1—\1 2F1 2
Trn/Tot —TNKE g NSks
Ftot
(%] (%] [deg]
fit— A B | A B A B

A(1620) 1/2~ 48 45 | 22 24 107  -107
A(1910) 172+ 200 10 | 47 19  -144 115
A(1232) 32 100 100
A(1600) 3/2¢, 1 19| 11 13 -7 4
[A(1920) 3/2+ 83 43| 16 14 20 50
A(1700) 3/2~ 16 16 | 15 16 -150 -121
A(1930) 5/2~ 56 48 | 31 17 3135
A(1905) 572 13 12|05 01 -142  -99
A(1950) 7/2F 50 50 | 40 38 78 -7
A(2200) 7/2~ 72 11|06 01 98  -33
A(2400) 9/2~ 87 57 |13 08 40 6
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