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N
∗- resonances in the quark model
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The ∆
∗- states
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⇔ Additional experimental information needed !!

Quark model
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Bonn-Gatchina PWA group

A. Anisovich, E. Klempt, V. Nikonov, A. Sarantsev and U. Thom a.

1. The P-vector based analysis of single and multi-meson pho toproduction data.

The combined analysis of CB-ELSA data on γp → π0p, γp → ηp, γp → π0π0p,

γp → π0ηp, γn → ηn, γn → π0n and γp → ωp with data from other

collaborations: CLAS, GRAAL, LEPS.

2. The K-matrix analysis of pion-induced data on the reactio ns πN → πN (on the

basis of SAID energy-fixed partial wave analysis), πp → π0π0n and recently

included: πp → ηn, π−p → K0Λ and π+p → K+Σ.

3. Analysis of NN interaction. The analysis of pp → KΛp data and analysis of the

pp → π0p and np → ppπ− data.



Bonn-Gatchina partial wave analysis Trento June 2009 5

The fitted reactions. Recently included data sets . New points added

Observable Ndata
χ2

Ndata
Observable Ndata

χ2

Ndata

σ(γp→pπ0) 1106 1.27 CB-ELSA σ(γp→pπ0) 861 1.74 GRAAL

σ( 3
2
−

1
2
)(pπ0) 140 1.41 A2GDH Σ(γp→pπ0) 1492 3.38 SAID

P(γp→pπ0) 607 3.16 SAID T(γp→pπ0) 389 4.01 SAID

H(γp→pπ0) 71 1.92 SAID G(γp→pπ0) 75 2.58 SAID

Ox(γp→pπ0) 7 1.01 SAID Oz(γp→pπ0) 7 0.38 SAID

σ(γp→nπ+) 1583 1.87 SAID σ(γp→nπ+) 408 2.09 A2GDH

Σ(γp→nπ+) 899 4.23 SAID σ( 3
2
−

1
2
)(nπ+) 231 2.49 A2GDH

P(γp→nπ+) 252 3.90 SAID T(γp→nπ+) 661 3.66 SAID

H(γp→pπ0) 71 1.92 SAID G(γp→pπ0) 75 2.58 SAID

S11(πN→πN) 126 1.40 SAID P11(πN→πN) 110 2.24 SAID

P13(πN→πN) 108 2.57 SAID P33(πN→πN) 130 4.56 SAID

D33(πN→πN) 136 4.51 SAID D13(πN→πN) 106 5.06 SAID

σ(γp→pη) 667 0.92 CB-ELSA σ(γp→pη) 100 2.72 TAPS

Σ(γp→pη) 51 2.06 GRAAL 98 Σ(γp→pη) 100 2.01 GRAAL 04

T (γp→pη) 50 1.52 Phoenics σ(π−p→nη) 288 2.76 CBALL+Richards
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The fitted reactions. Recently included data sets .

Observable Ndata
χ2

Ndata
Observable Ndata

χ2

Ndata

Cx(γp→ΛK+) 160 1.22 CLAS Cx(γp→Σ0K+) 94 2.29 CLAS

Cz(γp→ΛK+) 160 1.53 CLAS Cz(γp→Σ0K+) 94 2.19 CLAS

σ(γp→ΛK+) 1377 1.80 CLAS σ(γp→Σ0K+) 1280 2.68 CLAS

P(γp→ΛK+) 202 2.31 CLAS P(γp→Σ0K+) 95 1.56 CLAS

Σ(γp→ΛK+) 66 2.70 GRAAL Σ(γp→Σ0K+) 42 0.67 GRAAL

Σ(γp→ΛK+) 45 1.75 LEP Σ(γp→Σ0K+) 45 1.03 LEP

T(γp→ΛK+) 66 2.11 GRAAL σ(γp→Σ+K0) 48 3.36 CLAS

Ox(γp→ΛK+) 66 1.40 GRAAL σ(γp→Σ+K0) 160 0.95 CB-ELSA

Oz(γp→ΛK+) 66 1.86 GRAAL P(γp→Σ+K0) 72 0.72 CB-ELSA

σ(γp→pπ0π0) CB-ELSA (1.4 GeV) E(γp→pπ0π0) 16 2.08 MAMI

σ(γp→pπ0η) CB-ELSA (3.2 GeV) Σ(γp→pπ0η) 180 2.68 GRAAL

σ(γp→pπ0π0) CB-ELSA (3.2 GeV) Σ(γp→pπ0π0) 128 0.85 GRAAL

σ(π−p→KΛ) 479 1.55 RAL P (π−p→KΛ) 261 1.76 RAL+ANL

σ(π+p→K+Σ) 609 1.91 RAL P (π+p→K+Σ) 420 2.74 RAL
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Combined analysis of the different reactions:

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

A1i = K1j(I − iρK)−1
ji

and

Kij =
∑

α

gα
i gα

j

M2
α − s

+ fij(s)

where fij is nonresonant transition part.

For the photoproduction:

Ak = Pj(I − iρK)−1
jk

The vector of the initial interaction has the form:

Pj =
∑

α

Λα
i gα

j

M2
α − s

+ Fj(s)

Here Fj is nonresonant production of the final state j.
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The resonance amplitudes for meson photoproduction
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The Reggezied t− and u− channel exchanges can be projected to the s-channel.

Jµ = iF1σµ + F2(~σ~q)
εµijσikj

|~k||~q|
+ iF3

(~σ~k)

|~k||~q|
qµ + iF4

(~σ~q)

~q2
qµ .

the multipoles can be reconstructed as:

E
+
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1

n+1

∫

dz

2

[

F1Pn(z) −F2Pn+1(z) + F3
1−z2

(n+1)
P

′

n(z) + F4
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(n+2)
P

′
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]

M
+
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2
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∫
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F3P
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γp → π0p from Crystal Barrel at ELSA ( Eγ ≤ 3.2 GeV)

∆(1232)P33

N(1520)D13 S11
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∆(1920)P33

Non-resonance contributi-
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u-exchange and non-
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The multipoles for single pion production. Red - real part , Blue - imaginary part . Solid

curves BoGa -solution, dashed curves - SAID solution, dotte d - MAID 2009.
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γp → ηp from Crystal Barrel at ELSA ( Eγ ≤ 3.2 GeV)
Main resonance contribu-

tions:

N(1535)S11

N(1650)S11

N(1720)P13

new N(2070)D15

Non-resonance contributi-

on: reggezied t-channel

ρ − ω exchange.

No evidence for third
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The data on π−p → ηn and the target asymmetry γp → ηp fix the position and

couplings of P11(1710) state and reduce ηN coupling of the P13(1720) state.
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The target asymmetry γp → ηp data reduce coupling of the P13(1720) state to the ηN

channel by factor ∼ 1.7.
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Nπ → Nπ , S11 wave (2 pole 5 channel K-matrix)
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π−p → nπ0π0 (Crystal Ball) total cross section
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π−p → nπ0π0 (Crystal Ball)
Differential cross sections for 472 and 665 MeV/c data.
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γp → pπ0π0 (CB-ELSA) M.Fuchs et al.
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The γp → π0π0p differential cross section for the total energy region.

The fit of the unpolarized data and

prediction for the double

polarization measurements.

Red curve: only helicity 1/2

amplitudes contributed to the

cross section.

Blue curve: only helicity 3/2

amplitudes.
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The γp → π0π0p helicity 3/2 and 1/2 differential cross sections
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Nπ → Nπ P11 wave (3 pole 4 channel K-matrix)
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Position of zeros, for the determinant (I − iρK)−1. Red points - real part and Green
points -imaginary part.
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Properties of N(1440)P11. The left column lists mass, width, partial widths of the

Breit-Wigner resonance; the right column pole position and squared couplings to the

final state at the pole position.

M = 1436 ± 15MeV Mpole = 1371 ± 7MeV

Γ = 335 ± 40MeV Γpole = 192 ± 20MeV

ΓπN = 205 ± 25MeV gπN = (0.51 ± 0.05) · e−iπ
(35±5)

180

ΓσN = 71 ± 17MeV gσN = (0.82 ± 0.16) · e−iπ (20±13)
180

Γπ∆ = 59 ± 15MeV gπ∆ = (−0.57 ± 0.08) · eiπ (25±20)
180

T-matrix: A1/2 = 0.055 ± 0.020GeV φ = (70 ± 30)◦
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For γp → KΛ and γp → KΣ we have almost complete photoproduction experiment:

σ (CLAS, SAPHIR), Σ (GRAAL, LEP), P (CLAS), Cx, Cz (CLAS), T, Ox, Oz (GRAAL).

The Cx and Cz data can be explained with P13(1900).
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The solution is supported by the new GRALL data on Ox Oz and T -observables: an

important step to a complete experiment.
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The total cross section for the π−p → KΛ reaction also shows a clear contribution

from this state:
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The same result was obtained before by the Giessen group:

V. Shklyar,H. Lenske, and U. Mosel, May 2005.
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The differential cross section for the π−p → KΛ reaction. also shows a clear

contribution from this state:
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The recoil asymmetry for the π−p → KΛ reaction. also shows a clear contribution

from this state:
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The differential cross section for the γp → KΛ reaction.
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Nπ → Nπ , P13 wave (3 pole 8 channel K-matrix)

2nd T-matrix poles: M = 1960 ± 20 MeV, 2 Im = 195 ± 45 MeV;
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The ∆-states decaying into KΣ can be fixed from the π+ → K+Σ data. The main

contribution comes from P33(1920) -red curves and F37(1900) - blue curves .

0.02

0.04

0.06

0.08

0.1
1845 1870 1891 1926 1939

0.02

0.04

0.06

0.08
1970 1985 2019 2031 2059

0.02

0.04

0.06

0.08
2074

0 0.5-0.5

2106

0 0.5-0.5

2118

0 0.5-0.5

2147

0 0.5-0.5

2158

0 0.5-0.5
cos θcm



Bonn-Gatchina partial wave analysis Trento June 2009 31

The recoil asymmetry for the π+p → KΣ reaction. also shows a clear contribution

from this state:
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γp → pπ0η (CB-ELSA)
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Left panel : contributions from ∆(1232)η (dashed), S11(1535)π (dashed-dotted) and

N a0(980) final states.

Right panel: D33 partial wave (dashed), P33 partial wave (dashed-dotted),

D33 → ∆(1232)η (dotted) and D33 → N a0(980) (wide dotted).
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The γp → π0ηp differential cross section for the total energy region.
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Nπ → Nπ D33 wave (3 pole 5 channel K-matrix)
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Properties of the ∆(1920)P33 and ∆(1940)D33 resonances.

Mpole Γpole MBW ΓBW
tot

∆(1920)P33 1940 ± 40 350+35
−55 1970 ± 35 375 ± 50

∆(1940)D33 1995 ± 30 420 ± 50 2000 ± 40 410 ± 70

BrNπ Br∆η BrN(1535)π BrNa0(980)

∆(1920)P33 15 ± 8 18 ± 8 7 ± 4 4 ± 2

∆(1940)D33 9 ± 4 5 ± 2 2 ± 1 2 ± 1
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Parity doublets of N and ∆ resonances at high mass region

Glozman suggested a restoration of chiral symmetry in high- mass excitations. Parity

doublets must not interact by pion emission and could have a s mall coupling to πN .
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2

N1/2+(2100)a * N1/2−(2090)a * ∆1/2+(1910) **** ∆1/2−(1900)a **

J=3
2

N3/2+(1900)a ** N3/2−(2080)a ** ∆3/2+(1920)a *** ∆3/2−(1940)a *

J=5
2

N5/2+(2000)a ** N5/2−(2200)a ** ∆5/2+(1905) **** ∆5/2−(1930)a ***

J=7
2

N7/2+(1990)a ** N7/2−(2190) **** ∆7/2+(1950) **** ∆7/2−(2200)a *

J=9
2

N9/2+(2220) **** N9/2−(2250) **** ∆9/2+(2300) ** ∆9/2−(2400)a **

J=3
2

N3/2+(1900) N3/2−(1875) ∆3/2+(1980) ∆3/2−(1985)

J=5
2

N5/2+(1960) N5/2−(2070) ∆5/2+(1945) ∆5/2−(1930)

J=7
2

N7/2+(1990) N7/2−(????) ∆7/2+(1910) ∆7/2−(????)
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Holographic QCD (AdS/QCD)

Soft-wall model prediction: M2
N,L = 4λ2

(
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κgd is the fraction of most attractive color-antitriplet isosi nglet diquark.

κgd=0 for ∆ and N(S=3/2) states, 1
2

for S = 1/2 (70SU6) and 1
4

for S = 1/2 (56SU6).

Hilmar Forkel and Eberhard Klempt, hep-ph:0810.2959v1



Bonn-Gatchina partial wave analysis Trento June 2009 38

L, S, N κgd Resonance Pred.
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Summary

1. An approach for the combined analysis of the pion and photo induced reaction with

two and multi particle final states is developed.

2. The combined analysis of more them 65 different reactions helped to identify the

properties of known baryons.

3. The new data support the two new baryon states observed in h yperon

photoproduction P11(1880) and P13(1900).

4. The η-photoproduction data reveal the baryon resonance D15(2070).

5. The D33(1940) state is needed for the description of the γp → π0ηp data.

6. The data on π−p → ηn and π−p → K0Σ support an existence of P11(1710).

7. The spectrum of observed states is in direct contradictio n with a classical quark

model. The best explanations are chiral symmetry restorati on or AdS/QCD soft-wall

model.
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η-photoproduction at the neutron - CB-ELSA/TAPS data -
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Investigation of γd → nη (p); η → 3π0

↔ also CB-ELSA/TAPS data shows an
enhancement around 1670 MeV (preliminary)

σn/σp ⇒

data in comparison
to MAID (—)
prediction
↔ effect of the

D15(1675)
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↔ something quite interesting going on
- role of the D 15(1675) ?
- narrow P 11(1670) ?
- explainable by S 11-states + P 11(1710) ?
- interference of S 11(1535)/S11(1650) ?
↔ additional observables needed
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Three different class of solutions are found:

1. solutions with strong interference in S11 wave;

2. solutions with N(1710)P11 resonance;

3. solutions with narrow state in the mass region 1665 MeV.

Observable Ndata
χ2

Ndata

χ2

Ndata

χ2

Ndata
Ref.

Sol. 1 Sol. 2 Sol. 3

σ(γn → nη) 280 1.32 1.37 1.31 CB-ELSA

Σ(γn → nη) 88 1.75 2.07 1.79 GRAAL

σ(γn → nπ0) 147 2.01 2.48 2.03 SAID database

Σ(γn → nπ0) 28 1.02 0.95 0.90 GRAAL
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The total and differential cross section for the reaction γn → ηn obtained on the deuteron target.

The PWA result from the solution with S11 interference (solution 1) is shown. The green curves

show the corresponding cross sections on the free neutron ta rget (no Fermi motion).

Contributions: S11 (dashed), P13 (dotted) and P11 (dash-dotted)
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The total and differential cross section for the reaction γn → ηn obtained on the deuteron target.

The PWA result from the solution with narrow P11 resonance (solution 3) is shown. The green

curves show the corresponding cross sections on the free neutron ta rget (no Fermi motion).

Contributions: S11 (dashed), P13 (dotted) and P11 (dash-dotted)
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Beam asymmetry for the γn → ηn and γn → π0n
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Beam asymmetry for the γp → ηp with fine bins

Solution 1: χ2 = 1.35 Solution 3: χ2 = 0.95
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The long-standing discrepancies between the photo-produc tion amplitude An
1/2

for

N(1535)S11 production ( An
1/2

= −0.020 ± 0.035GeV−1/2 from γn → nπ0 (Arndt);

An
1/2

= −0.100 ± 0.030GeV−1/2 from γn → nη (Krusche) is solved.

S11(1535) S11(1650)

Pole position (mass) 1.505 ± 0.020 1.640 ± 0.015

(width) 0.145 ± 0.025 0.165 ± 0.015

PDG 1.510 ± 0.020 1.655 ± 0.015

0.170 ± 0.080 0.165 ± 0.015

Ap
1/2

(GeV−1/2) 0.090 ± 0.025 0.100 ± 0.035

PDG 0.090 ± 0.030 0.053 ± 0.016

phase (20 ± 15)◦ (25 ± 20)◦

An
1/2

(GeV−1/2) −0.080 ± 0.020 −0.055 ± 0.020

PDG −0.046 ± 0.027 −0.015 ± 0.021

phase (20 ± 20)◦ (30 ± 25)◦


