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Introduction
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2000 MeV ≤ Eγ ≤ 2100 MeV

γp → pπ0π0

importance increases with Eγ

access to sequential decays

less background amplitudes than pπ+π− but cannot discriminate between N∗/∆∗
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The Crystal Barrel/TAPS experiment
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Event selection

Selection of γp→pπ0π0→p4γ
cuts on

charge (1 charged + 4 neutral)

ϑ, ϕ difference of p to 4γ
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Dalitz plots

γp → pπ0π0
[Ph. Mahlberg]

0

20

40

60

80

100

120

140

160

180

   = 900.0 - 1000.0 MeVbeamE

1 1.2 1.4 1.6 1.8 2 2.2 2.4
2 / GeV2

πpm

1

1.2

1.4

1.6

1.8

2

2.2

2.42
 / 

G
eV

2
π

p
m

   = 900.0 - 1000.0 MeVbeamE

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8
2 / GeV2

πpm

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.82
 / 

G
eV

2
π

p
m

0

20

40

60

80

100

120

140

   = 1100.0 - 1200.0 MeVbeamE

(1232)∆

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2
2 / GeV2

πpm

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

3

3.22
 / 

G
eV

2
π

p
m

0

20

40

60

80

100

120

140

160

180

200

   = 1300.0 - 1400.0 MeVbeamE

N(1520)

(1232)∆

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2 3.4
2 / GeV2

πpm

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

3

3.2

3.42
 / 

G
eV

2
π

p
m

0

20

40

60

80

100

120

140

   = 1500.0 - 1600.0 MeVbeamE

N(1520)

(1232)∆

1 1.5 2 2.5 3 3.5 4
2 / GeV2

πpm

1

1.5

2

2.5

3

3.5

4

2
 / 

G
eV

2
π

p
m

0

10

20

30

40

50

60

   = 1800.0 - 2000.0 MeVbeamE

N(1520)

N(1680)

(1232)∆

1 1.5 2 2.5 3 3.5 4 4.5
2 / GeV2

πpm

1

1.5

2

2.5

3

3.5

4

4.5

2
 / 

G
eV

2
π

p
m

0

10

20

30

40

50

60

   = 2000.0 - 2400.0 MeVbeamE

N(1520)

N(1680)

(1232)∆

m2
pπ vs. m2

pπ

only selected

bins shown

Tobias Seifen Multi-meson photoproduction off the proton 5



Dalitz plots

γp → pπ0π0
[Ph. Mahlberg]
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Dalitz plots

γp → pπ0π0
[Ph. Mahlberg]

0 0.2 0.4 0.6 0.8 1 1.2
2 / GeV2

ππm

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

3

3.2

3.42
 / 

G
eV

2
π

p
m

0

2

4

6

8

10

12

14

16

18

20

22

   = 1500.0 - 1600.0 MeVbeamE

980 MeV   

0 0.2 0.4 0.6 0.8 1 1.2 1.4
2 / GeV2

ππm

1

1.5

2

2.5

3

3.5

2
 / 

G
eV

2
π

p
m

0

10

20

30

40

50

   = 1600.0 - 1800.0 MeVbeamE

 980 MeV

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
2 / GeV2

ππm

1

1.5

2

2.5

3

3.5

4

2
 / 

G
eV

2
π

p
m

0

5

10

15

20

25

30

35

40

   = 1800.0 - 2000.0 MeVbeamE

 980 MeV

0 0.2 0.4 0.6 0.8 1 1.2
2 / GeV2

ππm

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

3

3.2

3.42
 / 

G
eV

2
π

p
m

0

100

200

300

400

500

600

700

800

   = 1500.0 - 1600.0 MeVbeamE

0 0.2 0.4 0.6 0.8 1 1.2 1.4
2 / GeV2

ππm

1

1.5

2

2.5

3

3.5

2
 / 

G
eV

2
π

p
m

0

200

400

600

800

1000

1200

1400

1600

1800

   = 1600.0 - 1800.0 MeVbeamE

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
2 / GeV2

ππm

1

1.5

2

2.5

3

3.5

4

2
 / 

G
eV

2
π

p
m

0

200

400

600

800

1000

1200

1400

1600

1800

2000

   = 1800.0 - 2000.0 MeVbeamE

m2
pπ vs. m2

ππ

BnGa PWA

data above
not included

Tobias Seifen Multi-meson photoproduction off the proton 6



Dalitz plots

γp → pπ0η [G. Urff]
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3-body final state

5 kinematic variables:
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Target asymmetry Py
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Target asymmetry Py - 4D
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Harmonic oscillator

orbital excitation L = 2

%

λ
ground
state

λ excited % excited

L = 0

L = 2

dominant decays:

single oscillator
excitation
→ ground state

dual oscillator
excitation
→ sequential decay

mixed oscillator
→ both occur

Tobias Seifen Multi-meson photoproduction off the proton 12



Harmonic oscillator

orbital excitation L = 2

%

λ
ground
state

λ excited % excited λ+% excited

L = 0

L = 1

L = 2

dominant decays:

single oscillator
excitation
→ ground state

dual oscillator
excitation
→ sequential decay

mixed oscillator
→ both occur

Tobias Seifen Multi-meson photoproduction off the proton 12



Branching ratios
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Double polarization P c
y – new data
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Beam polarization Ic – new data
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Summary

CBELSA/TAPS experiment ideally suited for the measurement of neutral meson final states

reaction γp → pπ0π0

intermediate states directly visible in Dalitz plots

observables Px, Py, P
s
x , P

c
x , P

s
y , P

c
y determined in multiple kinematic variables

for Eγ ≤ 1250MeV observables determined in 4D

BnGa-PWA ⇒ branching ratios of resonances
↪→ hints for wave function structure of baryon resonances

further analysis of multi-meson final states

pπ0π0 + pπ0η: beam polarisation observables Is, Ic at high energies

pπ0π0: double polarisation observables P sx , P
c
x , P

s
y , P

c
y at higher energies
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