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Why Multi-Meson Photoproduction?
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γp → pπ0

Photoproduction as excellent tool for
baryon spectroscopy!

Because…
• increasingly important at high Eγ
• sensitive to sequential decays

Less background amplitudes for pπ0π0 and
pπ0η compared to pπ+π−pπ+π−pπ+π−.
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e.g. N∗/∆∗

→ N(1520)3
2

−
π0

→ pπ0π0



CBELSA/TAPS Experiment
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• Nearly 4π solid angular coverage

• Ideally suited to measure
neutral mesons decaying into
photons

• Polarized beam and
target
→ Polarization
observables

Crystal Barrel calorimeter



Sequential Decays in Dalitz Plots
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γp→ pπ0π0
[P. Mahlberg, Bonn]

γp→ pπ0η
[G. Urff, Bonn]



Measurement with (Double) Polarization

Transverse Pol. Target
Pol. using the Mainz-Dubna Frozen Spin
target with Butanol as target material.

Linear Pol. Beam
Pol. via coherent bremsstrahlung with

different settings of the diamond radiator.
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Polarization Observables for γp→ pπ0π0

Polarization Observables (linear pol. beam + transverse pol. target)
dσ
dΩ

=
dσ0
dΩ

·
(
1+ Λx · Px + Λy · Py + δl sin(2φ) · Is + δl cos(2φ) · Ic

+ Λyδl sin(2φ) · Psy + Λxδl sin(2φ) · Psx

+ Λxδl cos(2φ) · Pcx + Λyδl cos(2φ) · Pcy
)

Target (T ), Beam
(B) and Beam +
Target (BT )
polarization

The reaction can be described by
5 kinematic variables:

Eγ cos(θπ0)︸ ︷︷ ︸
2-body

mpπ0 φ∗
pπ0 θ∗p

︸ ︷︷ ︸
3-body

~k

φ∗

p

π0

p′

π0

x′ z′

y = y′

x
~ε

φ
θ∗
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Target Asymmetry Py(φ∗
pπ0) for bins in Eγ

0 100 200 3000.6−

0.4−

0.2−

0

0.2

0.4

0.6

650-700MeV

0 100 200 3000.6−

0.4−

0.2−

0

0.2

0.4

0.6

900-950MeV

0 100 200 3000.6−

0.4−

0.2−

0

0.2

0.4

0.6

1250-1400MeV

0 100 200 3000.6−

0.4−

0.2−

0

0.2

0.4

0.6

700-750MeV

0 100 200 3000.6−

0.4−

0.2−

0

0.2

0.4

0.6

950-1000MeV

0 100 200 3000.6−

0.4−

0.2−

0

0.2

0.4

0.6

1400-1700MeV

0 100 200 3000.6−

0.4−

0.2−

0

0.2

0.4

0.6

750-800MeV

0 100 200 3000.6−

0.4−

0.2−

0

0.2

0.4

0.6

1000-1050MeV

0 100 200 3000.6−

0.4−

0.2−

0

0.2

0.4

0.6

1700-2000MeV

0 100 200 3000.6−

0.4−

0.2−

0

0.2

0.4

0.6

800-850MeV

0 100 200 3000.6−

0.4−

0.2−

0

0.2

0.4

0.6

1050-1100MeV

0 100 200 3000.6−

0.4−

0.2−

0

0.2

0.4

0.6

2000-2300MeV

0 100 200 3000.6−

0.4−

0.2−

0

0.2

0.4

0.6

850-900MeV

0 100 200 3000.6−

0.4−

0.2−

0

0.2

0.4

0.6

1100-1250MeV

0 100 200 3000.6−

0.4−

0.2−

0

0.2

0.4

0.6

2300-2600MeV

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300

]°[
0πp

φ*

y
P

Nils Stausberg Multi-Meson Photoproduction off the Proton – STRONG 2020 6

BnGa 2014-02

BnGa 2022-02 (fitted)

Systematic check via
symmetry relation
Py(2π − φ∗) = Py(φ∗)

[T. Seifen et al., arXiv:2207.01981 [nucl-ex]]



Target Asymmetry Py(φ∗
pπ0) for bins in Eγ
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BnGa 2014-02

BnGa 2022-02 (fitted)

Systematic check via
symmetry relation
Py(2π − φ∗) = Py(φ∗)

[T. Seifen et al., arXiv:2207.01981 [nucl-ex]]



4D-Target Asymmetry Py(φ∗
pπ0) for E = 800MeV− 950MeV
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BnGa 2014-02

BnGa 2022-02 (fitted)

Systematic check via
symmetry relation
Py(2π − φ∗) = Py(φ∗)

[T. Seifen et al., arXiv:2207.01981 [nucl-ex]]



4D-Target Asymmetry Py(φ∗
pπ0) for E = 800MeV− 950MeV
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BnGa 2014-02

BnGa 2022-02 (fitted)

Systematic check via
symmetry relation
Py(2π − φ∗) = Py(φ∗)

[T. Seifen et al., arXiv:2207.01981 [nucl-ex]]



4D-Target Asymmetry Py(φ∗
pπ0) for E = 800MeV− 950MeV
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BnGa 2014-02

BnGa 2022-02 (fitted)

Systematic check via
symmetry relation
Py(2π − φ∗) = Py(φ∗)

[T. Seifen et al., arXiv:2207.01981 [nucl-ex]]



From Data to Resonance Parameters
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Partial Wave Analysis
(PWA)
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Data Resonance Parameters



Branching Ratios & Interpretation in Harmonic Oscillator Model

∆(1910) 12
+, ∆(1920) 32

+, ∆(1905) 52
+, ∆(1950) 72

+

BR into ground state: (44± 7)%
Nπ0 , ∆(1232)π0

BR into excited states (with L=1): (5± 2)%
N(1520)π0 , N(1535)π0 , Nσ

N(1880) 12
+, N(1900) 32

+, N(2000) 52
+, N(1990) 72

+

BR into ground state: (34± 6)%
Nπ0 , ∆(1232)π0

BR into excited states (with L=1): (21± 5)%
N(1520)π0 , N(1535)π0 , Nσ
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L = 2

L = 1

L = 0



Single Polarization Py - New Data for γp→ pπ0π0
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4D-Target Asymmetry
Py(φ∗

pπ0) for
E = 1400MeV− 1550MeV

BnGa 2014-02

BnGa 2022-02

New data
Not fitted
[N. Stausberg, Bonn]



Double Polarization Pcy - New Data for γp→ pπ0π0

linear pol. beam
+ transverse pol.
target

BnGa 2014-02
BnGa 2022-02
Seifen et al.
New data
Not fitted
[N. Stausberg, Bonn]
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Single Polarization Ic - New Data for γp→ pπ0π0

Attention!
Other beam time
with liquid hydro-
gen target and
different coherent
edges.

BnGa 2014-02
BnGa 2022-02
New data
Not fitted
[P. Mahlberg, Bonn]
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Summary & Outlook

Summary
• Multidimensional determination of polarization observables for multi-meson
final states essential

• Continuously achieving better precision of resonance parameters
• BR shows systematics related to the wave function of baryons

Outlook
• Finalizing double polarization observables Pcx , Pcy , Psx , Psy at high energies for
pπ0π0

• Additional data for linear pol. beam and unpol. target
• Beam polarization observables Is, Ic at high energies for pπ0π0 and pπ0η
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Thank You



SU(6)×O(3) Supermultiplets

N = 2nρ + 2nλ + lρ + lλ

L = lρ ⊗ lλ

Nils Stausberg Multi-Meson Photoproduction off the Proton – STRONG 2020



Branching Ratios & Interpretation in Harmonic Oscillator Model

One-oscillator excitation→ ground state
One-oscillator excitation→ excited states

Mixed-oscillator excitations→ ground state
Mixed-oscillator excitations→ excited states

S =
1
2 ([0s× 0d] + [0d× 0s])(L=2)

MS =
1
2 ([0s× 0d]− [0d× 0s])(L=2)

MA = − 1
2 [0p× 0p](L=2)
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Branching Ratios

Nils Stausberg Multi-Meson Photoproduction off the Proton – STRONG 2020

[T. Seifen et al., arXiv:2207.01981 [nucl-ex]]



Branching Ratios
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[T. Seifen et al., arXiv:2207.01981 [nucl-ex]]



Comparison of Target Asymmetry Py(cos(θπ0π0)) for bins in Eγ (T )

Seifen et al.
BnGa 2014-02
BnGa 2022-02
New data
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Comparison of Target Asymmetry Py(cos(θπ0π0)) for bins in Eγ (T )

Seifen et al.
BnGa 2014-02
BnGa 2022-02
New data
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