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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

U. Löring, B. Metsch,

H. Petry et al.
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∼ 2n + ℓ

data
∼ n + ℓ ?

↔ Parity
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Problems in the baryon spectroscopy and/or quark model:

1. Problem: The number of predicted three quark states exceeds dramatic ally the

number of discovered baryons.

2. Possible solution: Most of the information comes from the analysis of meson

induced reactions and meson-baryon final states. Photoprod uction data taken by

CLAS, GRAAL, LEPS and CB-ELSA can provide an important infor mation about

missing states.

(a) problem: The unambiguous analysis of photoproduction reactions can not be

done without polarization information available.

(b) problem: Signals in simple reactions are expected to be mostly weak. S trong

signals from new resonances can be found in multi-meson final states.

(c) Possible solution 1: The single polarization observables are measured now by

almost all collaborations. In the nearest future single and double polarization

data will be available from CLAS and CB-ELSA.

(d) Possible solution 2: A combined analysis of the large data sets.
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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 5.01 SAID

D33(πN→πN) 136 4.01 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 1.70 CLAS σ(γp→Σ0K+) 1280 1.95 CLAS

P(γp→ΛK+) 202 2.23 CLAS P(γp→Σ0K+) 95 1.56 CLAS

Σ(γp→ΛK+) 66 2.11 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) 115649 CB-ELSA (1.4 GeV) E(γp→pπ0π0) 16 2.08 MAMI

σ(γp→pπ0η) 17468 CB-ELSA (3.2 GeV) Σ(γp→pπ0η) 180 2.68 GRAAL

σ(γp→pπ0π0) 130943 CB-ELSA (3.2 GeV) Σ(γp→pπ0π0) 128 0.85 GRAAL
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Combined analysis of the different reactions:

BW =
gigj

M2 − s − i
∑

k

g2
kρk

, gk = gπN , gγN , gππN , . . .

MΓ =
∑

k

g2
kρk
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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 .
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γp → π0p from Crystal Barrel at ELSA ( Eγ ≤ 3.2 GeV)
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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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The multipoles for single pion production. Red - real part , Blue - imaginary part . Solid

curves solution 1, dashed curves solution 2.
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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.
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N(1800)S11

1.6 1.8 2 2.2 2.4

1

5

10

15
20 1 1.5 2 2.5

W [GeV]

 [GeV]γ Eb]µ [ totσ

-1/2

+3/2

-5/2

ω-ρ



Bonn-Gatchina partial wave analysis Beijing April 2009 14

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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γp → pπ0η (CB-ELSA)
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Left panel : contributions from ∆(1232)η (dashed), S11(1535)π (dashed-dotted) and
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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 1980+25
−45 350+35

−55 1990 ± 35 375 ± 50

∆(1940)D33 1985 ± 30 390 ± 50 1990 ± 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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Mass scan of P33 and D33 pole position

P33 (3/2 3/2+) D33 (3/2 3/2−)

0

10

20

30

40

50

1850 1900 1950 2000 2050 2100 2150

M(P33) [MeV/c2]

    ∆(-ln L pπη)    

-10
0

10
20

30
40
50
60

1900 2000 2100 2200 2300 2400 2500

M(D33) [MeV/c2]

    ∆(-ln L + χ2/2)pπη    

0

1000

2000

3000

4000

1850 1900 1950 2000 2050 2100 2150

M(P33) [MeV/c2]

    ∆(-ln L + χ2/2)tot     

0
100
200
300
400
500
600
700

1900 2000 2100 2200 2300 2400 2500

M(D33) [MeV/c2]

    ∆(-ln L + χ2/2)tot     



Bonn-Gatchina partial wave analysis Beijing April 2009 21

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 .

J=1

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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+(2390)
5/2
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−(2750)
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∆15/2
+(2950)
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11/2
+

9/2
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M2
N,L = 4λ2

(

N + L +
3

2

)

− 2
(

M2
∆ − M2

N

)

κgd

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
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L, S, N κgd Resonance Pred.
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Search for baryon states in γp → pπ0π0 (3.2 GeV)

Mass and angular projections.

1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
0

5000

M23 Total p)πM ( Total p)πM ( Total p)πM ( Total p)πM ( Total p)πM ( Total

1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
0

5000

M13 Total p)πM ( Total p)πM ( Total p)πM ( Total p)πM ( Total p)πM ( Total

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
0

2000

4000

6000

8000

M12 Total)π πM ( Total)π πM ( Total)π πM ( Total)π πM ( Total)π πM ( Total

-1 -0.5 0 0.5 1

2000

4000

6000

8000

Z1  Total)π(Θcos Total)π(Θcos Total)π(Θcos Total)π(Θcos Total)π(Θcos Total

-1 -0.5 0 0.5 1

2000

4000

6000

8000

Z2  Total)π(Θcos Total)π(Θcos Total)π(Θcos Total)π(Θcos Total)π(Θcos Total

-1 -0.5 0 0.5 1
0

2000

4000

6000

8000

Z3  Total(p)Θcos Total(p)Θcos Total(p)Θcos Total(p)Θcos Total(p)Θcos Total

-1 -0.5 0 0.5 1

2000

4000

6000

8000

Z23 Total p)π(Θcos Total p)π(Θcos Total p)π(Θcos Total p)π(Θcos Total p)π(Θcos Total

-1 -0.5 0 0.5 1

2000

4000

6000

8000

Z13 Total)π(pΘcos Total)π(pΘcos Total)π(pΘcos Total)π(pΘcos Total)π(pΘcos Total

-1 -0.5 0 0.5 1
2000

4000

6000

8000

Z12 Total)ππ(Θcos Total)ππ(Θcos Total)ππ(Θcos Total)ππ(Θcos Total)ππ(Θcos Total

A preliminary analysis reveals only one (relatively) new st ate:

S31(1900) with M ∼ 2010 MeV and Γ ∼ 430MeV

Polarization information is urgently needed.
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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 (—)
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↔ effect of the
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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)◦
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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 structure at 1670 MeV observed in the η photoproduction data off neutron can

be explained either by the interference within S11 wave or by a contribution of a

narrow P11 state with mass 1670 ± 6 MeV.

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.


