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Search for baryon states

1. Analysis of single meson and double meson photoproduction reactions.

γp → πN, ηN, KΛ, KΣ, ππN, πηN , CB-ELSA, CLAS, GRAAL, LEPS.

2. Analysis of single meson and double meson pion-induced reactions.

πN → πN, ηN,KΛ,KΣ, ππN .

Search for meson states

1. Analysis of the pp̄ annihilation at rest and ππ interaction data.

2. Analysis of the pp̄ annihilation in flight into two and tree meson final state.

3. Analysis of the J/Ψ decays (BES III collaboration).

Analysis of NN interaction

1. Analysis of single and double meson production NN → πNN and ππNN

2. Analysis of hyperon production NN → KΛp
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Energy dependent approach

In many cases an unambiguous partial wave decomposition at fixed energies is

impossible. Then the energy and angular parts should be analyzed together:

A(s, t) =
∑

ββ′n

Aββ′
n (s)Q(β)+

µ1...µn
Fµ1...µn

ν1...νn
Q(β′)

ν1...νn

1. C. Zemach, Phys. Rev. 140, B97 (1965); 140, B109 (1965).

2. S.U.Chung, Phys. Rev. D 57, 431 (1998).

3. A.V. Anisovich et al. J. Phys. G 28 15 (2002)

V. V. Anisovich, M. A. Matveev, V. A. Nikonov, J. Nyiri and A. V. Sarantsev,

Hackensack, USA: World Scientific (2008) 580 p

1. Correlations between angular part and energy part are under control.

2. Unitarity and analyticity can be introduced from the beginning.

3. Parameters are be fixed from combined fit of many reactions.
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πN vertices

N+
µ1...µn

= X(n)
µ1...µn

N−
µ1...µn

= iγνγ5X
(n+1)
νµ1...µn (1)

γN vertices

Q
(1+)µ
α1...αn = γµiγ5X

(n)
α1...αn , Q

(1−)µ
α1...αn = γξγµO

(n+1)
ξα1...αn

,

Q
(2+)µ
α1...αn = γνiγ5X

(n+2)
µνα1...αn , Q

(2−)µ
α1...αn = X

(n+1)
µα1...αn ,

Q
(3+)µ
α1...αn = γνiγ5X

(n+1)
να1...αng⊥µαn

, Q
(3−)µ
α1...αn = X

(n−1)
α2...αng⊥α1µ .

Fermion propagator for J = N + 1
2

Fµ1...µL
ν1...νL

(p) = (m+p̂)Oµ1...µL
α1...αL

L + 1
2L+1

(
g⊥α1β1

− L

L+1
σα1β1

) L∏

i=2

gαiβiO
β1...βL
ν1...νL

σαiαj =
1
2
(γαiγαj − γαj γαi)
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Combined analysis of pion- and photo-production data:

For pion induced reactions:

A1i = K1j(I − iρK)−1
ji

and

Kij =
∑
α

gα
i gα

j

M2
α − s

+ fij(s) fij =
f

(1)
ij + f

(2)
ij

√
s

s− sij
0

.

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

Λαgα
j

M2
α − s

+ Fj(s)

Here Fj is nonresonant production of the final state j.
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Reggezied exchanges:

)t(kρ

)2(qπ

)1p(k )1p(q

)2(kγ

)uN(k

)2(qπ)1p(k

)1p(q)2(kγ

The amplitude for t-channel exchange:

A = g1(t)g2(t)R(ξ, ν, t) = g1(t)g2(t)
1 + ξexp(−iπα(t))

sin(πα(t))

�
ν

ν0

�α(t)

ν =
1

2
(s− u).

Here α(t) is Reggion trajectory, and ξ is its signature:

R(+, ν, t) =
e−i π

2 α(t)

sin(π
2
α(t))Γ

�
α(t)
2

�
�

ν

ν0

�α(t)

,

R(−, ν, t) =
ie−i π

2 α(t)

cos(π
2
α(t))Γ

�
α(t)
2

+ 1
2

�
�

ν

ν0

�α(t)

.
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t,u-exchange subtraction procedure

= Σ

− Σ
s,p
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t,u-exchange subtraction procedure
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N/D based (D-matrix) analysis of the data

In the case of resonance contributions only we have factorization and Bethe-Salpeter

equation can be easily solved:

J m J K m δJK
π η K

π η K

Djm = Djk

X
α

Bkm
α (s)

1

Mm − s
+

δjm

M2
j − s

Bkm
α (s) =

∞Z

4m2
α

ds′

π

g
(k)
α (s′)ρα(s′)g(m)

α (s′)
s′ − s− i0

D̂ = κ̂(I − B̂κ̂)−1 κij =
δij

M2
i − s

Bij =
X

α

Bkm
α (s)

There is no factorization for non-resonant contributions: for every non-resonant

transition to introduce a vertices and propagator (e.g. R = 1).

Bkm
α (s) = Bkm

α (M2
s ) + (s−M2

s )

∞∫

4m2
α

ds′

π

g
(k)
α (s′)ρα(s′)g(m)

α (s′)
(s′ − s− i0)(s′ −M2

s )
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Meson spectroscopy. Two body reactions:

Reaction Experiment Reaction Experiment

π+π− → π+π− (all waves) CERN-Münich

ππ → π0π0 (S-wave) GAMS ππ → π0π0 (S-wave) E852

ππ → ηη (S-wave) GAMS ππ → ηη′ (S-wave) GAMS

ππ → KK̄ (S-wave) BNL S-wave δ(π+π−) Ke4

Three body reactions from Crystal Barrel: ( L-liquid, G-gaseous targets).

Reaction Target Reaction Target Reaction Target

p̄p → π0π0π0 (L) H2 p̄p → π+π0π− (L) H2 p̄p → KSKSπ0 (L) H2

p̄p → π0ηη (L) H2 p̄n → π0π0π− (L) D2 p̄p → K+K−π0 (L) H2

p̄p → π0π0η (L) H2 p̄n → π−π−π+ (L) D2 p̄p → KLK±π∓ (L) H2

p̄p → π0π0π0 (G) H2 p̄n → KSKSπ− (L) D2

p̄p → π0ηη (G) H2 p̄n → KSK−π0 (L) D2

p̄p → π0π0η (G) H2
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Parameterization of the K-matrix for S-wave:

Kab(s) =

(∑
α

g
(α)
a g

(α)
b

M2
α − s

+ fab
1 GeV2 + s0

s + s0

)
s− sA

s + sA0
,

where Kab is a 5×5 matrix ( a, b = ππ, KK̄ , ηη, ηη′, 4pi + . . .)

ρa(s) =

√
(s− (m1a + m2a)2)(s− (m1a −m2a)2)

s
, a = π, K, η, η′

The multi-meson phase space factor is defined as

ρ51 = ρ0

∫
ds1

π

∫
ds2

π
M2Γ(s1)Γ(s2)

√
(s + s1 − s2)2 − 4ss1×

×s−1[(M2 − s1)2 + M2Γ2(s1)]−1[(M2 − s2)2 + M2Γ2(s2)]−1,

Bj
αβ(s) = gR(α)

a


bj + (s−M2

j )

∞∫

(m1a+m2a)2

ds′

π

ρj(s′,m1a,m2a)
(s′ − s− i0)(s′ −M2

j )


 g

L(β)
b ,
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Description of the data with K-matrix and D-matrix approaches

K-matr. D-matr. N K-matr. D-matr. N

p̄p→π0π0π0(L) 1.32 1.37 7110 p̄p→π0π0π0(G) 1.39 1.44 4891

p̄p→π0ηη(L) 1.33 1.34 3595 p̄p→π0ηη(G) 1.31 1.34 1182

p̄p→π0π0η(L) 1.24 1.33 3475 p̄p→π0π0η(G) 1.20 1.22 3631

p̄p→π+π0π−(L) 1.54 1.46 1334 p̄p→KSKSπ0(L) 1.09 1.10 394

p̄n→π0π0π− 1.51 1.47 825 p̄n→π−π−π+ 1.61 1.54 823

p̄n→K+K−π0 0.98 1.00 521 p̄n→KLK±π∓ 0.78 0.79 737

p̄p→KSKSπ− 1.66 1.64 396

ππ→(π0π0)S 1.23 1.13 68 ππ→(ηη)S 1.02 1.05 15

ππ→(ηη′)S 0.45 0.30 9 ππ→(KK̄)S 1.32 1.13 35

δ0
0(π−π+→π−π+) 1.51 1.02 17 Ke4 data
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Description of the p̄p → 3π0 data (D-matrix method)
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Pole position of the resonances
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Masses and couplings of bare states

K-matrix D-matrix K-matrix D-matrix

M1 671 685 g
(1)
4π 0∗ 0∗

M2 1205 1135 g
(2)
4π 0∗ 0∗

M3 1560 1561 g
(3)
4π 0.638 0.534

M4 1210 1290 g
(4)
4π 0.997 0.790

M5 1816 1850 g
(5)
4π -0.901 -0.862

g1 0.860 0.926 Φ1 -74 -83

g2 0.956 0.950 Φ2 6 -2.6

g3 0.373 0.290 Φ3 9 5

g4 0.447 0.307 Φ4 38 31

g5 0.458 0.369 Φ5 -64 -71

fππ→ππ 0.337 0.408 fππ→KK̄ 0.212 0.036

fππ→4π -0.199 -0.101 fππ→ηη 0.389 0.438

fππ→ηη′ 0.394 0.518
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Baryon Data Base
Pion induced reactions ( χ2 analysis).

Observable Ndata
χ2

Ndata
Observable Ndata

χ2

Ndata
N∗

1/2− S11(πN→πN) 112 2.05 SAID (2.10) ∆1/2− S31(πN→πN) 112 2.31 SAID (2.10)

N∗
1/2+ P11(πN→πN) 112 2.49 SAID (2.10) ∆1/2+ P31(πN→πN) 104 3.81 SAID (2.10)

N∗
3/2+ P13(πN→πN) 112 1.33 SAID (2.20) ∆∗

3/2+ P33(πN→πN) 120 2.79 SAID (2.20)

N∗
3/2− D13(πN→πN) 108 2.55 SAID (2.20) ∆∗

3/2− D33(πN→πN) 108 2.47 SAID (2.10)

N∗
5/2− D15(πN→πN) 140 2.37 SAID (2.40) N∗

7/2− G17(πN→πN) 102 2.54 SAID (2.40)

N∗
5/2+ F15(πN→πN) 88 1.72 SAID (2.20) ∆5/2+ F35(πN→πN) 62 1.45 SAID (2.10)

N∗
7/2+ F17(πN→πN) 82 1.98 SAID (2.50) ∆7/2+ F37(πN→πN) 72 2.75 SAID (2.10)

N∗
9/2− G19(πN→πN) 74 2.82 SAID (2.50) N∗

9/2+ H19(πN→πN) 86 2.56 SAID (2.50)

dσ/dΩ(π−p→nη) 70 1.58 Richards et al. dσ/dΩ(π−p→nη) 84 2.73 CBALL

dσ/dΩ(π−p→KΛ) 598 1.67 RAL P (π−p→KΛ) 355 1.67 RAL+ANL

β(π−p→KΛ) 72 1.04 RAL

dσ/dΩ(π+p→K+Σ) 609 1.25 RAL P (π+p→K+Σ) 307 1.43 RAL

β(π+p→K+Σ) 7 2.08 RAL

dσ/dΩ(π−p→K0Σ0) 259 0.88 RAL P (π−p→K0Σ0) 95 1.35 RAL
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Baryon Data Base (SAID db: 2008)
π and η photoproduction reactions ( χ2 analysis).

Observable Ndata
χ2

Ndata
Observable Ndata

χ2

Ndata
dσ/dΩ(γp→pπ0) 1106 1.56 CB-ELSA dσ/dΩ(γp→pπ0) 861 1.58 GRAAL

dσ/dΩ(γp→pπ0) 592 1.27 CLAS dσ/dΩ(γp→pπ0) 1692 2.00 TAPS@MAMI

Σ(γp→pπ0) 540 0.71 CB-ELSA Σ(γp→pπ0) 1492 2.48 SAID db

E(γp→pπ0) 140 1.14 A2-GDH

P(γp→pπ0) 607 2.98 SAID db T(γp→pπ0) 389 3.15 SAID db

H(γp→pπ0) 71 1.17 SAID db G(γp→pπ0) 75 1.70 SAID db

Ox(γp→pπ0) 7 1.14 SAID db Oz(γp→pπ0) 7 0.27 SAID db

dσ/dΩ(γp→nπ+) 484 1.45 CLAS dσ/dΩ(γp→nπ+) 1583 1.53 SAID db

dσ/dΩ(γp→nπ+) 408 0.55 A2-GDH

Σ(γp→nπ+) 899 2.95 SAID db E(γp→nπ+ 231 1.52 A2-GDH

P(γp→nπ+) 252 2.00 SAID db T(γp→nπ+) 661 2.87 SAID db

H(γp→pπ+) 71 4.20 SAID db G(γp→pπ+) 86 5.67 SAID db

dσ/dΩ(γp→pη) 680 1.23 CB-ELSA dσ/dΩ(γp→pη) 100 2.26 TAPS

Σ(γp→pη) 51 1.90 GRAAL 98 Σ(γp→pη) 100 2.43 GRAAL 07

T (γp→pη) 50 1.39 Phoenics



Status of the Bonn-Gatchina partial-wave analysis PWA 2011 19

Baryon Data Base
Kaon photoproduction ( χ2 analysis).

Observable Ndata
χ2

Ndata
Observable Ndata

χ2

Ndata
dσ/dΩ(γp→ΛK+) 1320 0.78 CLAS09 dσ/dΩ(γp→Σ0K+) 1280 1.98 CLAS

P(γp→ΛK+) 1270 1.75 CLAS09 P(γp→Σ0K+) 95 1.53 CLAS

Cx(γp→ΛK+) 160 1.44 CLAS Cx(γp→Σ0K+) 94 2.36 CLAS

Cz(γp→ΛK+) 160 1.53 CLAS Cz(γp→Σ0K+) 94 1.62 CLAS

Σ(γp→ΛK+) 66 3.32 GRAAL Σ(γp→Σ0K+) 42 1.80 GRAAL

Σ(γp→ΛK+) 45 2.34 LEP Σ(γp→Σ0K+) 45 1.31 LEP

T(γp→ΛK+) 66 1.35 GRAAL 09 dσ/dΩ(γp→Σ+K0) 48 3.41 CLAS

Ox(γp→ΛK+) 66 1.70 GRAAL 09 dσ/dΩ(γp→Σ+K0) 72 0.67 CB-ELSA 10

Oz(γp→ΛK+) 66 1.66 GRAAL 09 P(γp→Σ+K0) 24 1.17 CB-ELSA 10

P(γp→ΛK+) 84 0.60 GRAAL Σ(γp→Σ+K0) 15 1.39 CB-ELSA 10
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Baryon Data Base

Multi-meson final states (maximum likelihood analysis).

dσ/dΩ(π−p→nπ0π0) CBALL

dσ/dΩ(γp→pπ0π0) CB-ELSA (1.4 GeV) E(γp→pπ0π0) 16 1.91 MAMI

dσ/dΩ(γp→pπ0η) CB-ELSA (3.2 GeV) Σ(γp→pπ0η) 180 2.37 GRAAL

dσ/dΩ(γp→pπ0π0) CB-ELSA (3.2 GeV) Σ(γp→pπ0π0) 128 0.96 GRAAL

dσ/dΩ(γp→pπ0η) CB-ELSA (3.2 GeV) Σ(γp→pπ0η) 180 2.37 GRAAL

Ic(γp→pπ0η) CB-ELSA (3.2 GeV) Is(γp→pπ0η) CB-ELSA (3.2 GeV)
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The fit of the the π−p → KΛ reaction

Full experiment for πN → KΛ:

differential cross section, analyzing

power, rotation parameter.

A clear evidence for resonances which

are hardly seen (or not seen) in

the elastic reactions : N(1710)P11,

N(1900)P13,
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π−p → KΛ (dσ/dΩ, P, β)
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The γp → KΛ reaction (CLAS 2009)
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The fit of the γp → KΛ differential cross section

(CLAS 2009)
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The fit of the γp → KΛ recoil asymmetry

(CLAS 2009)
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The fit of the the π+p → K+Σ+ reaction
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The fit of the the π−p → K0Σ0 reaction
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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 (Crystal Barrel)
Differential cross sections.
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γp → pπ0π0 (Crystal Barrel)
Dalitz plots W=1.5, 1.6,1.7,1.8 GeV.
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Ic and Is for γp → pπ0η (CB-ELSA)
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List of resonances used in the combined analysis of the data. Known
states are listed by the PDG names

N(1535)S11 N(1650)S11 N(1440)P11 N(1710)P11

N(1520)D13 N(1700)D13 N(1720)P13 N(1675)D15

N(1680)F15 ∆(1620)S31 ∆(1232)P33 ∆(1600)P33

N1/2− (1890) N3/2− (1875) N3/2− (2130) N1/2+ (1860)

N3/2+ (1900) N5/2− (2070) N(2000)F15 N(1990)F17

N(2190)G17 ∆(1900)S31 ∆(1910)P31 ∆(1920)P33

∆(1905)F35 ∆(1950)F37 ∆(1700)D33 ∆(1940)D33

∆3/2− (2200) ∆(1905)F35 ∆(1950)F37

Background amplitudes used in the combined analysis of the data.

pion-induced photo-induced

t-channel exchange π±, ρ0/ω, ρ±

K∗0, K∗± K±, K∗0, K∗±

u-channel exchange N(938) , Λ, Σ0, Σ±

Direct production of final-state particles
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Pole position of baryon states (Re and -2Im) in the mass region 1900-2300 MeV

State Solution 1 Solution 2 Arndt Hoehler Cutcosky

N(1875) 1
2

+
Re 1860±20 1850+20

−50 1885±30 (Manley)

∗∗ -2Im 110+30
−10 360±40 113±44 (Manley)

N(1890) 1
2

−
Re 1895±8 − 1880±20 −

∗∗ -2Im 82±10 − 95±30 −
N(1880) 3

2

−
Re 1860±12 − − 1880±100

∗ ∗ ∗∗ -2Im 185±16 − − 180±60

N(2130) 3
2

−
Re 2130±45 − 2081±20 2050±70

∗ ∗ ∗ -2Im 340±45 − 265±40 200±60

N(1900) 3
2

+
Re 1910±40 1920±50 − − −

∗ ∗ ∗∗ -2Im 270±50 300±60 − − −
N(2000) 5

2

+
Re 1800− 1950 1807 1882±10 −

∗ -2Im 100− 300 109 95±20 −
N(2100) 5

2

+
Re 2100±25 − − −

∗∗ -2Im 550±40 − − −
N(2070) 5

2

−
Re 2060±8 − − 2100±60

∗ ∗ ∗∗ -2Im 370±15 − − 360±80

N(1990) 7
2

+
Re 1975±15 2090±15 − ∼ 1935 1900±30

∗∗ -2Im 170±50 260±20 − ∼ 260 260±60

N(2190) 7
2

−
Re 2160±20 2070 2042 2100±50

∗ ∗ ∗∗ -2Im 310±25 520 480 400±160
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S11: pole position and Breit-Wigner parameters

State Solution 1 Solution 2 Arndt Hoehler Cutcosky

N(1890) 1
2

−
Re 1895±8

∗∗ -2Im 82±10
BW M 1900±10 1880±20
parameters Γ 77±15 95±30
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D15: pole position and Breit-Wigner parameters

State Solution 1 Solution 2 Arndt Hoehler Cutcosky

N(2070) 5
2

−
Re 2060±8 − − 2100±60

∗ ∗ ∗∗ -2Im 370±15 − − 360±80
BW M 2075±12 2228±30 2180±80
parameters Γ 365±20 310±50 400±100

-0.2

-0.1

0

0.1

0.2

0.3

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6

Re
 T

-0.1

0

0.1

0.2

0.3

0.4

0.5

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
M(πN), GeV

Im
 T

0
1000
2000
3000
4000
5000
6000

1900 2000 2100 2200 2300

Total
a)

0
200
400
600
800

1000
1200

1900 2000 2100 2200 2300

γp→π0p, K+Λ
b)

0
200
400
600
800

1000
1200
1400

1900 2000 2100 2200 2300

γp→π+n
c)

0
100
200
300
400
500
600
700

1900 2000 2100 2200 2300

γp→ηp
d)

M, MeV



Status of the Bonn-Gatchina partial-wave analysis PWA 2011 37

P11: pole position and Breit-Wigner parameters

State Solution 1 Solution 2 Manley

N(1875) 1
2

+
Re 1860±20 1850+20

−50 1885±30

∗ -2Im 110+30
−10 360±40 113±44

BW M 1864±10 1863±20
parameters Γ 115±20 320±30
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Pole position of F15: two and three pole solution
State Solution 1 Solution 2 Arndt Hoehler Cutcosky

N(2000) 5
2

+
Re 1800− 1950 1800− 1950 1807 1882±10 −

∗∗ -2Im 100− 300 100− 300 109 95±20 −
N(2100) 5

2

+
Re 2090+20

−40 2110+20
−80 − − −

-2Im 560±100 540±100 − − −
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Pole position of F17 and helicity couplings

(absolute value (10 −3 GeV
1
2 )/phase (degrees)

State Solution 1 A( 1
2
)/A( 3

2
) Solution 2 A( 1

2
)/A( 3

2
)
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Summary

• The analysis of (almost) all available data for production of baryons in the pion and

photo induced reaction is completed.

• We have observed a set of new states in the region 1800-2150 MeV, however, this

number is much less than that predicted by the classical quark model.

• There are two solutions for the N 7
2
+ lowest state which should be distinguished

from analysis of beam asymmetry data on photoproduction of hyperon-kaon final

states.

• The situation for N( 5
2

+) can be resolved with reanalysis of πN elastic data and an

analysis of new data on double pion photoproduction (with charged pions).
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γp→ π0p, 3/2-1/2
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γp→ π0p, Σ
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γp→ π0p, P
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γp→ π0p, P
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γp→ π+n, G
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γp→ π+n, H
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γp→ π+n, T

-1

0

1

-1 1

1201

-1

0

1

-1 1

1205

-1

0

1

-1 1

1213

-1

0

1

-1 1

1217

-1

0

1

-1 1

1221

-1

0

1

-1 1

1225

-1

0

1

-1 1

1232

-1

0

1

-1 1

1236

-1

0

1

-1 1

1244

-1

0

1

-1 1

1247

-1

0

1

-1 1

1251

-1

0

1

-1 1

1255

-1

0

1

-1 1

1262

-1

0

1

-1 1

1266

-1

0

1

-1 1

1270

-1

0

1

-1 1

1273

-1

0

1

-1 1

1277

-1

0

1

-1 1

1281

-1

0

1

-1 1

1284

-1

0

1

-1 1

1288

-1

0

1

-1 1

1292

-1

0

1

-1 1

1295

-1

0

1

-1 1

1303

-1

0

1

-1 1

1306

-1

0

1

-1 1

1313

γp→ π+n, T

-1

0

1

-1 1

1317

-1

0

1

-1 1

1320

-1

0

1

-1 1

1328

-1

0

1

-1 1

1331

-1

0

1

-1 1

1338

-1

0

1

-1 1

1342

-1

0

1

-1 1

1349

-1

0

1

-1 1

1359

-1

0

1

-1 1

1362

-1

0

1

-1 1

1366

-1

0

1

-1 1

1369

-1

0

1

-1 1

1373

-1

0

1

-1 1

1376

-1

0

1

-1 1

1380

-1

0

1

-1 1

1383

-1

0

1

-1 1

1386

-1

0

1

-1 1

1390

-1

0

1

-1 1

1393

-1

0

1

-1 1

1403

-1

0

1

-1 1

1406

-1

0

1

-1 1

1410

-1

0

1

-1 1

1413

-1

0

1

-1 1

1426

-1

0

1

-1 1

1430

-1

0

1

-1 1

1436



Status of the Bonn-Gatchina partial-wave analysis PWA 2011 64

γp→ π+n, T
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γp→ ηp, Σ
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γp→ K+Σ0
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γp→ K0Σ+
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γp→ K+Σ0, P
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γp→ K+Σ0, Σ
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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 333,472 and 551 MeV/c data.
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π−p → nπ0π0 (Crystal Ball)
Differential cross sections for 655, 691 and 733 MeV/c data.
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γp → pπ0π0 (CB-ELSA)
Differential cross sections for W=1400, 1500 and 1600 MeV data.
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γp → pπ0π0 (CB-ELSA)
Differential cross sections for W=1700, 1800 and 1900 MeV data.
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γp → pπ0π0 (MAMI)
Differential cross sections S = 3/2 and S = 1/2.
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γp → pηπ0 (CB-ELSA)
Differential cross sections for W=1700 and 1800 MeV data.
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γp → pηπ0 (CB-ELSA)
Differential cross sections for W=1900 and 2000 MeV data.
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γp → pηπ0 (CB-ELSA)
Beam asymmetry data.


