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The analytic structure of the scattering amplitude The scattering equation
nified analysis of different reactions na

-h model of pion-nucleon interaction

@ Coupled channels 7N, nN, KY; effective 7w N channels o N, pN, wA.

@ Chiral Lagrangian of Wess and Zumino [prie3 (1967), Phys.Rept. 161 (1988)].

@ Baryonic resonances up to J = 7/2 with derivative couplings.
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Features

@ Hadron exchange: provides the relevant dynamics.
Full analyticity (dispersive parts).
All partial waves are linked (t-, u-channel processes)
Channels linked (SU(3) symmetry).

Dynamical generation of resonances is possible, but not easy (strong
constraints).
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The scattering
nal

~ Partial waves in 7N — 7N (Solution 2002)
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nified analysis of different reactions Analytic structure

~ Structure of the P11 partial wave (Roper)

@ Where is the 3% N(1710)?
[S. Ceci, M.D. et al, arXiv 1104.3490]

cc Imz
N(939)
ﬂg. SNC_"m\! ------ l'ﬂ'lN Physical nTN ----- e fez
nA pN
L’;ﬁN‘(l‘MU) £
N (1440) &
?cN
@ N(m7)L=1=0 channel important wo w0 Two
( ); I.?op?r'dynamlcally Fit of a model without pN branch point
generated in Jiilich model. (CMB type) [solid lines] to the Jiilich
o Roper pole N(1440) + A amplitude [dashed lines]
branch point — non-standard 9 CMB fit to JM has pole at

1698 — 130 ¢ MeV, simulates

resonance shape. missing branch point.

hd Sub-t-:hreshold cuts from @ — Inclusion of full analytic
crossing symmetry. structure important to avoid false

pole signals. i

NSTAR 2011 Newport News, May 17-20, 2011 Jilich analysis 41



The analytic structure of the scattering amplitude
nified analysis of different reactions

residues
art, F. Huang, S. Krewald and U.-G. MeiBner, NPA 829 (2009), PLB 681 (2009)]
Re 2z -2Im zg |R| 6 [deg]
[MeV] [MeV] [MeV] 19
N¥(1535) 511 1519 129 31 3
ARN 1502 95 16 -16
HOE 1487
cuT 1510450 260480 12040 15445
N¥(1650) 511 1669 136 54 E7)
ARN 1648 80 14 -69
HOE 1670 163 39 37
1Su1 1800 cuT 1640420 150430 60410 75425
N¥(1720) P13 1663 212 14 82
ARN 1666 355 25 94
HOE 1686 187 15
1600 cuT 1680430 120440  8+12 -160+30
Imz [MeV] Rez[MeV] A(1232) P33 218 50 a7 37
1500 ARN 1211 99 52 -47
HOE 1209 100 50 -48
cuT 121041 10042 5342 4741
1400 A¥(1620) S31 1593 72 12 -108
RN 1595 135 15 92
Re 29 -2Im zq K 6 [deg] HOE 1608 116 19 95
[MeV] [MeV] [MeV] °] cuT 1600415 120420 1542 110420
N¥ (1440) Py 1387 147 48 64 AT (1700) D33 1637 236 16 38
ARN 1359 162 38 -98 ARN 1632 253 18 -40
HOE 1385 164 40 HOE 1651 159 10
cuT 1375430 180440 5245  -1004:35 CUT 1675425 220440 1343 20425
N*(1520) D13 1505 95 32 18 AT (1910) P3q 1840 221 2 153
ARN 1515 113 38 -5 ARN 1771 479 45 +172
HOE 1510 120 32 -8 HOE 1874 283 38
cuT 151045 114410  35+2  -1245 CUT 1880£30 200440 2044 -90430

[ARN]: Arndt et al., PRC 74 (2006), [HOE]: Héhler, w N Newsl. 9 (1993), [CUT]: Cutkowski et al., PRD 20 (1979).
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onnmtp - KtX+
ed analysis of different final states

Including the KY channels and observables
P A

@ From the example of the N(1710)Pi;: different reaction channels provide
more information on resonance content than higher precision in one
channel.

@ SU(3) symmetry provides predictive power.
o 7Fp — KTX%: Pure isospin 3/2; relatively few A resonances.

@ Simultaneous fit to 7N — 7N partial waves [energy dependent GWU SAID solution, PRC74
(200) plus 77 p — K+TX7T observables.

& Guiding principle in the fit: Resonances are the last resort (while
technically being the easiest way to improve the x?).

9 Error analysis on pole positions is crucial.
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i ction & An £
the K'Y channels
3) symmetry plus s-channel resonance vertices to K'Y (not shown; 40 parms.).
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The analytic structure of the scattering amplitude luding the KY channels and observables
Unified analysis of different reactions

mtp = KTyt

F. Huang, S. Krewald, U.-G. MeiBner, D. Rénchen, [NPA851 (2011)]
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Linking partial waves and different reactions puts more constraints on

NSTAR 2011 Newport News, May 17-20, 2011 Jiilich an




The analytic structure of the scattering amplitude luding the KY channels and observables
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-f other final states [preliminary, no N(1710)P11 needed so far]
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do/dQ [ub/sr]

luding the KY channels an
A

observables
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do/dQ [pb/sr]

luding the KY channels an

observables

Al

- 0 * Yoder 63, PRL 132, 1778
Tt p__>K JA\ @ Goussu 66, NCA 42, 607
©  Saxon 80, NPB 162,522
@ Dahl 67, PR 163, 1430
T T T T TTT T T T T T T T T
120 | + B
z =1879 MeV 1909 MeV 1930 MeV 1934 MeV
100 |- T B
80 |- 1 i
60 |- 4 i
20 | 4 ,
20 - 4 i
oH f f H f f f f f
120 | + + -+ B
1938 MeV 1966 MeV 1973 MeV 1978 MeV
100 | + + -+ B
80 |- 1 41
60 - 41 41
20 |- 4 41
20 - 4 1
olu 1 1 11 1 1 i 1 1
-1 05 O 0.5 1-1 -05 O 0.5 1-1 -05 O 05

NSTAR 2011 Newport News,

May 17-20, 2011




The analytic structure of the scattering amplitude
Unified analysis of different reactions Al

luding the KY channels an
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do/dQ [ub/sr]
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The analytic structure of the scattering amplitude
Unified analysis of different reactions Photoproductlon & Analysls of lattice data

eactions: do/d) and X, for yp — 't n
Nakayama, M.D., et al., in prep. (see also arXiv:1103.2065)

Gauge invariance respected

results YN — N
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Data: CNS Data analysis center [CBELSA/TAPS, JLAB, MAMI,...]
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The analytic structure of the scattering amplitude Incl hann.
Unified analysis of different reactions Photoproduction & Analysis of lattice data

-| coupled channels models in a box

enbauer, A. Rusetsky, U.-G. MeiBner, E. Oset, in preparation]

@ Variation of box size L — reconstruction of phase shifts (Lischer)
@ Examples: A(1405), o(600), fo(980) on the lattice.
@ Prediction of lattice levels & including coming lattice-data in analysis.

—— from chira-u. (Oller/Oset, NPA 1997)
——  DynCC-approach (Janssen et. al, PRD 1995)

A0s) | — U (Oset/Ramos, NPA (1997)) ‘ 1400

——— DynCC (Muler,.., NPA (1990))

g

T T T T 7 T

periodic BC

twisted BC

INENEA RN NS
18 2 22 24 26 28 3 32 34 36

LIm Lm, ]
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The analytic structure of the scattering amplitude In
Unified analysis of different reactions Photoproduction & Analysis of lattice data

n from pseudo lattice-data [M.D., U-G. MeiBner, E. Oset, A. Rusetsky, in prep.]

]

Coupled channels nr, KK:
three unknwons

o V(rm — wm)

o V(mm — KK)

o V(KK = KK)
How good is the reconstructed
phase shift using different
lattice data?

Use pseudo-data generated
from hadronic model.

Hadronic input can reduce the
error.

300

8, (rre->Ter) [dleg]
g 8 8

8

N R R R
900 1000 1100 1200
E [MeV]

@ red: twisted boundary conditions
@ green: Asymmetric boxes

@ brown: different levels
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The analytic structure of the scattering amplitude e KY channels and es
Unified analysis of different reactions Photoproduction & Analysis of lattice data

-clusions

o

Lagrangian based, field theoretical description of meson-baryon
interaction. Unitarity and analyticity are ensured.

Meson and baryon exchange are the relevant degrees of freedom in the 24
and 3™ resonance region. Exchange provides constraints, because all
partial waves are linked. With this background, only a few bare states are
needed (cleaner resonance extraction).

= precise determination of model independent resonance parameters
(poles).

Branch points in the complex plane/on the real axis may lead to false
resonance signals. Different reaction channels provide more information on
resonance content than higher precision in one only.

Coupled channel formalism links different reactions in one combined
description:
o N —-aN, 7N —-nN, KY,...,vyN — 7N,....

Dynamical coupled channel models on a momentum lattice (predict levels,
error propagation, analyse coming lattice data).
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_pproach to 7w scattering
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-------- > ) 6(z")
1-V(z')G(z")
z ’Zzzz+mi,—22\/p2+mi,

Independence on parameterization
of the pion fields (off-shell cancellatio

TITT scattering as subprocess
w/o tree level term

Tree level: Not included (double counting
with p, o t-channel exchanges)
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ontinuation via Contour deformation

-ss to all Riemann sheets

oo

z—El—OEg =0 q=qgcm.
Gem. = i\/[ﬁ — (M1 — m2)?][22 — (m1 + m2)?]
Imq

A X (a)

NSTAR 2011 Newport News, May 17-20, 2011

@ Plot gc.m.(2) in the g plane of
integration (X: Pole positions).

@ case (a), Im z > 0: straight
integration from ¢ =0 to
q = oo.

& case (b), Im z=0: Pole is on
real ¢ axis.

@ case (c), Im z < O:
Deformation gives analytic
continuation.

@ Special case: Pole at ¢ =10

& branch point at
z = mq + ma (= threshold).



_f effective mm N channels o N, pN, mA

O
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— Branch point in the
20 (2, k) = 2+ m0 — \/k2 + (m2)2 — \/lc2 +m2,  complex z plane.
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-V' channels: Analytic structure

Imz
b:x
Three branch points and four sheets
TOT Re z for each of the o N, pN, and TA
2m +my [ |
— propagators.
b
' | I -233 -100 O 100 233
| ._l__/
s e 122

@ The cut along Im z =0 is induced by
the cut of the self energy of the
unstable particle.

@ The poles of the unstable particle (o)
induce branch points in the o N e
propagator at

Zb2:mN+ZO,zb'2:mN+zg .é]
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-V' channels: Analytic structure

Imz l
by’
Three branch points and four sheets
TOT Re z for each of the o N, pN, and TA
2m +my | |
— propagators.
b
' | I -233 -100 O 100 233
b, |

7
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@ The cut along Im z =0 is induced by
the cut of the self energy of the
unstable particle.

@ The poles of the unstable particle (o)
induce branch points in the o N e
propagator at

Zb2:mN+ZO,zb'2:mN+zg .é]

NSTAR 2011 Newport News, May 17-20, 2011 Jiilich analysis 24/ 41




s
-a, EPJA43 (2010), PLB683 (2010)]

in coupled channels (YN — nN)
M’J‘y . ’
’ .
\
\\ //TF(U)

[Data: I. Jaegle et al., CBELSA/TAPS, PRL 100 (2008)]

NSTAR 2011 Newport News, May 17-20, 2011

o |

o MB=7mN,nN,KA, KX

@ Pronounced cusp from dispersive
(“real”) part of the loop.

@ Analyticity is crucial.

Jiilich analysis



in coupled channels (YN — nN)
EPJA43 (2010), PLB683 (2010)] |
e — ‘
"'\_,_7\ mG /’
TN m(n)
ST N
Re G\\\ //
N / Energy— N

o MB=7mN,nN,KA, KX

@ Pronounced cusp from dispersive
(“real”) part of the loop.

[ R B B
700 800 900 1000 1100
E, [Mev]

1200

[Data: 1. Jaegle et al., CBELSA/TAPS, PRL 100 (2008)] @ Analyticity is crucial.
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-ings " g = ,/a_1 " to other channels

N7 NpD (8 =1/2) Np@ (5 =3/2) Np® (S =
N*(1535) S11 S11 8.140.5¢ S11 2.2 - 541 — Di1 0.5
N*(1650) S11 S11 8.6 —2.81 S11 0.9 —9.1¢ — Di1 0.3
N*(1440) P11 P11 11.2 —5.07 P11 —1.3+3.2¢ P11 3.6 —2.6¢ —
A™(1620) S31 S31 2.9 —3.71% S31 0.0 — 0.0¢ — D3y 0.0
A™(1910) P31 P31 1.2 —3.5% P3; 0.2 —0.47 P31 —0.2 — 0.4¢ —
N*(1720) P13 P13 3.7 —2.6% P13 0.1 4+ 0.8% Piz —1.14+0.1¢ Fi3  0.1-
N*(1520) D13 D3 8.4 —0.81% Di3 —0.6 4+ 0.7% Diz 0.9 —2.0¢ S13 —2.5 -
A(1232) P33 P33 17.9 — 3.2% P33 —1.3 — 0.87 P33 —0.9 — 3.0¢ F33 0.0 -
A™(1700) D33 D33 4.9 —1.07 D33 —0.2 +0.97 D33 —0.4 — 0.47 S33 —0.1 -

Nn Ar@ An(® No
N*(1535) S11 S11 11.9 — 2.3¢ — Di1 —5.944.8¢ P11 —1.4-
N*(1650) S11 S11 —3.0 4+ 0.57 — D11 4.3 4 0.414 P11 —2.1-
N*(1440) P14 P11 —0.1 4+ 0.0¢ P11 —4.6 —1.7¢ — S11 —8.3 -
A (1620) S31 — — D3 11.1 —4.0¢ —
A (1910) P31 — P33, 15.0 — 0.3% — —
N*(1720) P13 P13 —7.7+ 5.5% P13 —14.1 + 3.0¢ Fi3 0.0 —0.37 Di3 —0.8-
N*(1520) D13 Dy3 0.16 — 0.607 D3 0.0 4+ 0.47 Si1z —12.9 — 0.7¢ P13 —0.6 -
A(1232) P33 — P33 —(4 to 5) —+ 7,(0 to 05) Fs3 ~ 0 —
A™(1700) D33 — D33 —0.7—0.37 Ssz —19.7 + 4.51 —

Resonance couplings g; [10_3 MeV_l/z] to the coupled channels 7. Also, the LJS type of each
coupling is indicated. For the p N channels, the total spin S is also indicated.
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- and branching ratio to 7N, nN
first sheet second sheet [FAO2]
P11 1235-0¢ S11 1587 — 4514 1578 — 38+¢
D33 1396 — 784  S31 1585 — 1714 1580 — 36 ¢
P3y 1848 — 83 ¢ 1826 — 197 ¢
P13 1607 — 3814 1585 — 51 ¢
P33 1702 — 6414 -
D13 1702 — 64+ 1759 — 647
Position of zeros of the full amplitude T in [MeV]. [FA02]: Arndt et al., PRC 69
(2004).
TN /Trot [%] TN /Trot [%]
N*(1535) S11 48 [33 to 55 38 [45 to 60]
N*(1650) S 79 [60 to 95] 6 [3 to 10]
N*(1440) Py 64 [55 to 75] 0[0+1]
A*(1620) Ss1 34 [20 to 30] -
A*(1910) Ps; 11 [15 to 30] -
N*(1720) Pi3 13 [10 to 20] 38 [441]

N*(1520) Dy3
A(1232) Ps3
A*(1700) D33

67 [55 to 65]
100 [100]
13 [10 to 20]

0.10 [0.23 £ 0.04]

Branching ratios into 7N and n/N. The values in brackets are from the PDG,

[Amsler et al., PLB 667 (2008)].

NSTAR 2011 Newport News, May 17-20, 2011
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d dressed vertices
ressed vertex I' vs. bare vertex ~.

/ _ J/ N / NS r, ]_"[(iT)
i) 7’53”—- W -1 = ﬁ
= -Co g = v
) A1) ¢ T
ety r = [Tp—=v8)/Tnol,
X - » =Fo= o= 1-V1I-Y¥,
Sp Sp Sg ¥ Sp
. 7 & Dressed I' depends on TN,
o0 =
° -
' Sp I‘g) ot # r # v
v¢ re 7 [%] ' (%]
N*(1520) D13 6.4 — 0.67 13.241.2¢ 53 61
N*(1720) P13 —0.1+45.47 0.9 +4.8¢ 24 45
A(1232) P33 1.3+ 13.0¢ —2.8 4+ 22.2¢ 45 40
A*(1620) Ss31 0.1+ 14.37% 5.0+ 5.7¢ 130 66
1700) D33 5.4 —0.8% 6.7+ 1.07 33 54

A% (
A*(

1910) P31 9.4+ 0.3¢ 1.9 -3.2¢ 222 22 .?y
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& Poles in TNF may occur = pole repulsion in
T = TNP + TFI
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Obenaties @

g5 und hg in JLS-Basis:

9fi

Z (27 +1) dl (9) [Tj(jf%)% +Tj(j+%)%} cosg
2 kfkl 22

+ 2j+ 1)
2 kszzj:( )&

11
272

11 a1y 0
2] + 1 J I:TJ(J*§)§ + TJ(J+§)§:| sin —
2, /ksz Z Jdy4 ) 2

2+ 1)d’
+ rfkizj:(1+ )d’

11
22
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o) [Tj(j—%)% _ Tj(j+%)%} SinQ

0) [Tj(j—%)% _ Tj(j+%)%} COSQ
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dU' o kf 2 2
a9 - ki(|9ﬁ| + |hal”)
11 . G-yl (elyl .
_ %5 . < 2(2]+1)(TJ(J 3)5 +TJ(J+2)2),dJ%%(@)
j
2
+ Z(2j+ 1)(#‘(]'*%)% _Tj(j+%)%) o 1 (©)
- -323
j

5 2Re(gphy)

= TR
|gal* + [hal®
2Im(h}
8 = arctan <M>
195" — IRl
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-s section of 77p — KTXT

do/dQ [pb/sr]
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-ss section of 77p — KTXT

do/dQ [ub/sr]
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_oss section of 77p — KTXT

do/dQ [pb/s]
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_oss section of 77p — KTXT

O o e e e LA LN LA A S E S N S S S B S| EN N H N B
B z=2188 MeV I 2202 MeV I~ 2224 MeV T 2243 MeV

20
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Polaation of rtp - K5+
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 Polratonof - K5+
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 Polratonof - K5+
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* Polzaton of =t K73
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9 Determination of the non-linear parameter error
o x2 4 1 criterion.
@ Varying 39 of 40 parameters to get parameter error.
@ Get error on derived quantities like pole positions and residues.

@ So far, simplified consideration (error from =N not available, because
energy dependent GWU/SAID solution is fitted pre7s 2006)1).

T T
[ ]
o1 Fwor e

Z
g [ 'Y
E 20 °

P 0 140 PR T I !

1600 1800 2000 1740 1760 1780
z[MeV] Rez [MeV]
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-timates for parameters and derived quantities

Table: Error estimates of bare mass my and bare coupling f for the A(1905) F35

resonance.
my [MeV] TN pN TA YK
2258743 0.050070501 —1.62712)  —1.15%055%  0.12015:9985

Table: Error estimates of pole position and residues for the A(1905) F'35 resonance.

N —->nN =N — KX
Re 2 [MeV] 1764755 | |r| [MeV] 1y 147528
Im 2 [Mev] —109%33 | 0[] —45T38 31317
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-e content from 7N — 7N plus 77p — KTXT
Re z0 [MeV] | || [MeV] (TL2TY2) /Thor (%]
-2 Im zp [MeV] 6 1° This study ~ Candlin (1983)  GieBen (2004)
A(1905) F3s 1764 1.4 1.23 1.5(3) <1
52+ xkkx 218 -313
A(1910) P3; 1721 55 2.98 <3 11
1/27F ®kxk 323 -6
A(1920) P33 1884 5.9 5.07 5.2(2) 2.1(3)
3 2t ek 229 -38
A(1930) D35 1865 1.6 2.14 <15
5/27 *xk 147 -43
A(1950) Fa7 1873 2.7 2.54 5.3(5) —
72T Fxkx 206 -255
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nnels and gauge invariance
6 (1997), Haberzettl, Nakayama, Krewald, PRC74 (2006),

Hadronic scattering: Photo-production:

e D@D h e e e e

—.

—O—+—O—Q)+ = i} . . kL

!

;

Gauge invariance: Generalized Ward-Takahashi identity (WTI)
(Note the condition of current conservation k, M* = 0 is necessary but not sufficient!)

k/LM'u = _|FST>SP+inS;1 + SI;leSp’fk‘FHT> + Api_lpq_kQ‘frApfp’

F,7)

Strategy: Replace ;7? : @y by phenomenological contact term such that

the generalized WTI is satisfied 2
Hiske
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dX, foryn —77p

voi
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nd X, for yp — 70p
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al coupled channels models in a box
analysis of lattice data [M.D., J. Haidenbauer, A. Rusetsky, U.-G. MeiBner, E. Oset, in preparation]

Discretization of momenta in the scattering equation:

oo}

T(¢",q) = ‘44C¢%+/dqf1“dﬁwz_El
0

1
(q) — E2(q) + ie

T(q,q)

L 2

d . 1 . —
/ (27r)q3 f(|’I|2) — s Z f(|(h'|2), %= = A, e 73

2 oo}

"o _ et 2 A " g
T(q ,q) = V(q ,q)+ JE Zo'ﬂ('b)v(q 7qZ)Z—E1(Qi

1

) — EQ(QZ) T(qla q )7

@ Can be also expressed in terms of the Liischer Zoo function up to e~

relativistic corrections.
@ Takes into account discretization effects of the potentials themselves.
@ Twisted boundary conditions, e.g.

u(x + Lei) = u(x), d(x + Le;) = d(x), s(x + Le;) = e“s(x),

especially suited for coupled-channels problem (enables to move
th resh0|ds) [V. Bernard, M. Lage, U.-G. MeiBner, A. Rusetsky, JHEP (2011)].
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