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Search for light baryon states

1. Single and double meson production in pion-induced reactions:

The old data on πN → πN, ηN,KΛ, KΣ, ππN , and ωn

2. Single and double meson photoproduction reactions.

γp → πN, ηN,KΛ, KΣ, ππN, πηN , ωp, K∗Λ,

CB-ELSA, CLAS, MAMI GRAAL, LEPS.

3. The decay of heavy mesons Ψ′ → π0pp̄, ηpp̄ (BES III).

4. The hyperon production in the kaon-nucleon collision reactions

K−p → K−p,K0n, πΛ, πΣ, ππΛ, ππΣ, KπN , γp → ΣKπ



Energy dependent fully covariant approach
In many cases an unambiguous partial wave decomposition at fixed energies is

impossible. Then the energy and angular parts should be analyzed together:
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N/D based (D-matrix) analysis of the data
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Channels included in D-matrix: πN, ηN,KΛ, KΣ,Δπ, Nσ,Nρ(770), N(1520)π,

N(1535)π, Nω, Black Box



Minimization methods

1. The two body final states πN, γN → πN, ηN,KΛ, KΣ, ωN,K∗Λ: χ2 method.

For n measured bins we minimize

χ2 =
n∑
j

(σj(PWA)− σj(exp))
2

(Δσj(exp))2

Present solution for γp reaction χ2 = 69435 for 46644 points. χ2/NF = 1.49

2. Reactions with three or more final states are analyzed with logarithm likelihood

method. πN, γN → ππN, πηN . The minimization function:

f = −
N(data)∑

j

ln
σj(PWA)

N(recMC)∑
m

σm(PWA)

This method allows us to take into account all correlations in many dimensional

phase space. Above 1 000 000 data events are taken in the fit.



The included meson photoproduction data

DATA 2011-2019 added in 2019-2022

πN → πN ampl. SAID Hoehler (energy fixed)

π−p → ππN dσ/dΩ (π0π0n, π+π−n,π−π0p)

π−p → ηn dσ/dΩ

πp → KΛ,KΣ dσ/dΩ, P ,β

πp → ωn dσ/dΩ

γp → πN dσ/dΩ,Σ, T, P,E,G,H (π0p, π+n)

γp → ηp dσ/dΩ,Σ, F, T , P,H,G,E

γp → η′p dσ/dΩ, Σ

γp → KΛ, KΣ dσ/dΩ, Σ, P, T, Cx, Cz , Ox′ , Oz′

γp → π0π0p dσ/dΩ,Σ, E, Ic, Is Σ, E, T, P,H, F, Px, Py (CB-ELSA)

γp → π+π−p dσ/dΩ Ic, Is (CLAS)

γp → ωp dσ/dΩ,Σ, ρkij , E,G (CB-ELSA), Σ, P,T,F,H (CLAS) K-matrix channel

γn → ΛK,Σ−K dσ/dΩ (CLAS), E (CLAS) Σ, G (CLAS)

γn → π−p dσ/dΩ,Σ, P , E,Σ (CLAS)

γn → ηn dσ/dΩ (CB-ELSA, MAMI),Σ, dσ/dΩ (h = 1
2
) (CB-ELSA)



γp → π0π0p Polarization observables

dσ
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γp → π0π0p polarization observables from CB-ELSA (T.Seifen)
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γp → π0π0p polarization observables from CB-ELSA (T.Seifen)
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γp → π0π0p polarization observables from CB-ELSA (T.Seifen)
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γp → π+π−p: Ic and Ic polarization observables from CLAS (V.Crede)
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Nπ Δπ Δπ N(1440)π N(1520)π N(1535)π Nσ
(L < J) (L > J)

N(1535) 1/2− 46±5 x 5±3 6±5 - - 4±2
52±5 2.5±1.5 12±8 - - 6±4

N(1520) 3/2− 61±3 10±4 10±3 <1 - - <2
61±2 19±4 9±2 <1 - - < 2

N(1650) 1/2− 48±4 x 6±3 5±3 - - 3±2
51±4 12±6 16±10 - - 10±8

N(1700) 3/2− 20±8 66±17 7±4 9±5 <2 <1 6±4
15±6 65±15 9±5 7±4 <4 <1 8±6

N(1675) 5/2− 40±1 19±3 - - - - 1±1
41±2 30±7 - - - - 5±2

Δ(1620) 1/2− 30±5 x 28±15 15±8 - - x
28±3 62±10 6±3 - -

Δ(1700) 3/2− 22±6 16±15 8±6 3±2 <1 <1 x
22±4 20±15 10±6 <1 3±2 <1

Δ(1600) 3/2+ 17±4 70±6 <2 <1 - - x
14±4 77±5 <2 22±5 - -

N(1720) 3/2+ 13±5 15±7 6±6 6±5 7±3 4±2 20±10 2
11±4 62±15 6±6 <2 3±2 <2 8±6

N(1680) 5/2+ 68±8 8±4 8±4 - <1 - 8±4 2
62±4 7±3 10±3 - <1 - 14±5

Δ(1910) 1/2+ 16±6 x 17±9 50±18 - 4±2 x
12±3 50±16 6±3 - 5±3

Δ(1920) 3/2+ 12±6 5±4 40±20 9±6 10±8 5±5 x
8±4 18±10 58±14 < 4 < 5 < 2

Δ(1905) 5/2+ 13±4 20±12 - - - < 1 x
13±2 33±10 - - - < 1

Δ(1950) 7/2+ 46±4 5±4 - - - - x
46±2 5±4 - - - -



Density matrix elements for γp → ωp

dσ

dΩω dΩdec
=

dσ

dΩω
W (cosΘdec,Φdec)

γp → pω(π+π−π0)

W (cosΘ,Φ) =
3

4π

(
1

2
(1− ρ00) +

1

2
(3ρ00 − 1) cos2 Θ−

√
2Reρ10 sin 2Θ cosΦ− ρ1−1 sin

2 Θcos 2Φ
)
.

cosΘ,Φ direction of the vector n = εijkmpπ
+

j pπ
−

k pπ
0

m in the ω rest frame.

γp → pω(γπ0)

W (cosΘ,Φ) =
3

8π

(
1

2
(1 + cos2 Θ) +

1

2
(1− 3 cos2 Θ)ρ00+

√
2Reρ10 sin(2Θ) cosΦ + ρ1−1 sin

2 Θcos 2Φ
)
.

cosΘ,Φ angles of photon from ω decay in the ω rest frame



Fit of the density matrix elements γp → pω (CB-ELSA)
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Omega photoproduction
and polarization observables from CB-ELSA
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There is an indication for the S11 state with mass 2160± 40 MeV and width 280± 60

MeV

Observable Solution with S11(2160) Basic Solution N

dσ/dΩ 0.92 1.02 648

r00 2.37 2.42 297

r10 1.29 1.38 297

r10 1.61 1.81 297

Σ 1.99 2.12 491

P 1.73 1.94 50

F 1.74 1.85 152

H 1.30 1.43 50

E 2.43 2.50 104

T 1.06 1.36 144



SUMMARY

• The new polarization data on the double pion photoproduction provide an important

constrain for the data analysis.

• The branching ratios of the baryon states into Δπ, Nσ, N(1440)π, N(1520)π,

N(1535)π and N(1680)π decay channels are determined with a good precision.

• The ωN channel is included dynamically in the analysis.

• In many partial waves the unitarity limit was reached in the energy region below 2

GeV.

• The present solution has a strong prediction power, but some properties can be

better defined with the double polarization experiments.

• The analysis of the observables from γp → ωp suggests an existence of the S11

state in the mass region 2160 MeV. However the present data can not define it

unambiguously.



Resonance Rating Npp Resonance Rating Npp Resonance Rating Npp

N(1440)1/2+ **** 13 N(1520)3/2− **** 17 N(1535)1/2− **** 15

N(1650)1/2− **** 18 N(1675)5/2− **** 14 N(1680)5/2+ **** 17

N(1685) * N(1700)3/2− *** 15 N(1710)1/2+ *** 14

N(1720)3/2+ **** 17 N(1860)5/2+ ** 9 N(1875)3/2− *** 16

N(1880)1/2+ *** 20 N(1895)1/2− **** 17 N(1900)3/2+ **** 18

N(1990)7/2+ ** 9 N(2000)5/2+ ** 11 N(2040)3/2+ *

N(2060)5/2− ** 13 N(2100)1/2+ * N(2150)3/2− ** 11

N(2190)7/2− **** 11 N(2220)7/2− **** 7 N(2250)9/2− ****

N(2600)11/2− *** N(2700)13/2+ **

Δ(1232) **** 8 Δ(1600)3/2+ *** 12 Δ(1620)1/2− **** 10

Δ(1700)3/2− **** 11 Δ(1750)1/2+ * Δ(1900)1/2− ** 13

Δ(1905)5/2+ **** 11 Δ(1910)1/2+ **** 13 Δ(1920)3/2+ *** 21

Δ(1930)5/2− *** Δ(1940)3/2− * 5 Δ(1950)7/2+ **** 13

Δ(2000)5/2+ ** Δ(2150)1/2− * Δ(2200)7/2− *

Δ(2300)9/2+ ** Δ(2350)3/2− * Δ(2390)7/2+ *

Δ(2420)11/2+ **** Δ(2400)9/2− **** Δ(2750)13/2− **

Δ(2950)15/2+ **


