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Baryon Spectroscopy

Study exited nucleon states

Short decay time of exited states

Broad resonances with strong overlap
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Resonances

σ ∼ |E0+|2 + |E1+|2 + |M1+|2 + |M1−|2 + ...

T ∼ −2E∗0+E1+ − 2E∗0+M1+︸ ︷︷ ︸+...

Interference ∆(1232)(P33) with N(1535)(S11)
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ELectron Stretcher Accelerator (ELSA) Bonn
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The CBELSA/TAPS experiment
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Analysis
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Event selection

Only interested in: γp → pπ0 → pγγ

To remove background events kinematic cuts are applied:

Timecut: The detection of the �nal state particles
should coincide with a tagged photon

The angle di�erence Θ between predicted and
measured proton should be 0± 2σ

Kinematic constraints require the beam direction,
the proton and meson to be coplanar

Reconstructed invariant proton mass should be
mp ± 2σ

Reconstructed invariant meson mass should be
mπ0 ± 2σ

University of Bonn Sebastian Ciupka T, P and H in γp → pπ0 7



Event selection

Only interested in: γp → pπ0 → pγγ

To remove background events kinematic cuts are applied:

Timecut: The detection of the �nal state particles
should coincide with a tagged photon

The angle di�erence Θ between predicted and
measured proton should be 0± 2σ

Kinematic constraints require the beam direction,
the proton and meson to be coplanar

Reconstructed invariant proton mass should be
mp ± 2σ

Reconstructed invariant meson mass should be
mπ0 ± 2σ

University of Bonn Sebastian Ciupka T, P and H in γp → pπ0 7

150− 100− 50− 0 50 100 150
0

500

1000

1500

2000

2500

3000

3500

3
10�

t[ns]



Event selection

Only interested in: γp → pπ0 → pγγ

To remove background events kinematic cuts are applied:

Timecut: The detection of the �nal state particles
should coincide with a tagged photon

The angle di�erence Θ between predicted and
measured proton should be 0± 2σ

Kinematic constraints require the beam direction,
the proton and meson to be coplanar

Reconstructed invariant proton mass should be
mp ± 2σ

Reconstructed invariant meson mass should be
mπ0 ± 2σ

University of Bonn Sebastian Ciupka T, P and H in γp → pπ0 7

150− 100− 50− 0 50 100 150
0

500

1000

1500

2000

2500

3000

3500

3
10�

t[ns]



Event selection

Only interested in: γp → pπ0 → pγγ

To remove background events kinematic cuts are applied:

Timecut: The detection of the �nal state particles
should coincide with a tagged photon

The angle di�erence Θ between predicted and
measured proton should be 0± 2σ

Kinematic constraints require the beam direction,
the proton and meson to be coplanar

Reconstructed invariant proton mass should be
mp ± 2σ

Reconstructed invariant meson mass should be
mπ0 ± 2σ

University of Bonn Sebastian Ciupka T, P and H in γp → pπ0 7



Event selection

Only interested in: γp → pπ0 → pγγ

To remove background events kinematic cuts are applied:

Timecut: The detection of the �nal state particles
should coincide with a tagged photon

The angle di�erence Θ between predicted and
measured proton should be 0± 2σ

Kinematic constraints require the beam direction,
the proton and meson to be coplanar

Reconstructed invariant proton mass should be
mp ± 2σ

Reconstructed invariant meson mass should be
mπ0 ± 2σ

University of Bonn Sebastian Ciupka T, P and H in γp → pπ0 7



Event selection

Only interested in: γp → pπ0 → pγγ

To remove background events kinematic cuts are applied:

Timecut: The detection of the �nal state particles
should coincide with a tagged photon

The angle di�erence Θ between predicted and
measured proton should be 0± 2σ

Kinematic constraints require the beam direction,
the proton and meson to be coplanar

Reconstructed invariant proton mass should be
mp ± 2σ

Reconstructed invariant meson mass should be
mπ0 ± 2σ

University of Bonn Sebastian Ciupka T, P and H in γp → pπ0 7



Event selection

Only interested in: γp → pπ0 → pγγ

To remove background events kinematic cuts are applied:

Timecut: The detection of the �nal state particles
should coincide with a tagged photon

The angle di�erence Θ between predicted and
measured proton should be 0± 2σ

Kinematic constraints require the beam direction,
the proton and meson to be coplanar

Reconstructed invariant proton mass should be
mp ± 2σ

Reconstructed invariant meson mass should be
mπ0 ± 2σ

University of Bonn Sebastian Ciupka T, P and H in γp → pπ0 7



Di�erential cross section

dσ

dΩ
=

(
dσ

dΩ

)
0

· (1− δΣ cos (2(α− Φ)) + ΛT sin(β − Φ)

− δΛP cos (2(α− Φ)) sin(β − Φ)− δΛH sin (2(α− Φ) cos(β − Φ))

We measure:

α‖ and α⊥ with o�set of 90◦

β↑ and β↓ with o�set of 180◦
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Extracting the Polarization Observables
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N↑ − N↓

Λ↓N↑ + Λ↑N↓
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Background Subtraction

Butanol Target: C4H9OH
⇒ Measure reactions o� of free protons (H) and carbon (C) and oxygen (O)

Nuceleons in carbon and oxygen have
fermi motion
⇒ broader spectrum can be seperated
from hydrogen spectrum

Background is determined by measuring
with a carbon foam target

The same event selection is applied

Carbon is then scaled to �t the butanol
data

0 50 100 150 200 250 300 350
0

50

100

150

200

250

310×
Butanol

Carbon

Carbon Scaled

Subtracted

Coplanarity

∆φ

University of Bonn Sebastian Ciupka T, P and H in γp → pπ0 10



Background Subtraction

Butanol Target: C4H9OH
⇒ Measure reactions o� of free protons (H) and carbon (C) and oxygen (O)

Nuceleons in carbon and oxygen have
fermi motion
⇒ broader spectrum can be seperated
from hydrogen spectrum

Background is determined by measuring
with a carbon foam target

The same event selection is applied

Carbon is then scaled to �t the butanol
data

0 50 100 150 200 250 300 350
0

50

100

150

200

250

310×
Butanol

Carbon

Carbon Scaled

Subtracted

Coplanarity

∆φ

University of Bonn Sebastian Ciupka T, P and H in γp → pπ0 10



Dilution
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Results
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Target polarization observable T

3 Clusters
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Increasing the acceptance in forward directions

3 clusters Measured all �nal state particles: two γ from the pion and the proton

If π0 is in forward direction proton only has low energy and might not be detected
To increase acceptance in forward direction:

Case 1 The Proton was only detected in charge sensitive detectors:

Only the track information of the proton can be reconstructed
Same event selection and background subtraction as above

Case 2 Proton not detected:

Direction can be reconstructed, since initial state and both decay γ are
known
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Determining T using all number of clusters

All clusters
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Comparing the results - Low energies

All clusters

Hartmann 2017
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Comparing the results - High energies

All clusters

Hartmann 2017
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Comparing the results - Low energies

BnGa 2019

JuBo 2022

All clusters
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Comparing the results - High energies

BnGa 2019

JuBo 2022
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Recoil polarisation observable P

All clusters

Hartmann 2017

1− 0.5− 0 0.5 1

1−

0.5−

0

0.5

1 867 MeV867 MeV

1− 0.5− 0 0.5 1

1−

0.5−

0

0.5

1 1058 MeV1058 MeV

1− 0.5− 0 0.5 1
1−

0.5−

0

0.5

1 1301 MeV1301 MeV

1− 0.5− 0 0.5 1

1−

0.5−

0

0.5

1 731 MeV731 MeV

1− 0.5− 0 0.5 1

1−

0.5−

0

0.5

1 901 MeV901 MeV

1− 0.5− 0 0.5 1

1−

0.5−

0

0.5

1 1100 MeV1100 MeV

1− 0.5− 0 0.5 1
1−

0.5−

0

0.5

1 1353 MeV1353 MeV

1− 0.5− 0 0.5 1

1−

0.5−

0

0.5

1 768 MeV768 MeV

1− 0.5− 0 0.5 1

1−

0.5−

0

0.5

1 933 MeV933 MeV

1− 0.5− 0 0.5 1

1−

0.5−

0

0.5

1 1154 MeV1154 MeV

1− 0.5− 0 0.5 1
1−

0.5−

0

0.5

1 1403 MeV1403 MeV

1− 0.5− 0 0.5 1

1−

0.5−

0

0.5

1 798 MeV798 MeV

1− 0.5− 0 0.5 1

1−

0.5−

0

0.5

1 974 MeV974 MeV

1− 0.5− 0 0.5 1

1−

0.5−

0

0.5

1 1197 MeV1197 MeV

1− 0.5− 0 0.5 1

1−

0.5−

0

0.5

1 833 MeV833 MeV

1− 0.5− 0 0.5 1

1−

0.5−

0

0.5

1 1015 MeV1015 MeV

1− 0.5− 0 0.5 1

1−

0.5−

0

0.5

1 1246 MeV1246 MeV

γp → pπ0 cos θπ0

P

University of Bonn Sebastian Ciupka T, P and H in γp → pπ0 20

Pr
eli
m
in
ar
y



Recoil polarisation observable P

All clusters

Hartmann 2017
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Double polarisation observable P

BnGa 2019

JuBo 2022
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Double polarisation observable H

All clusters

Hartmann 2017
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Double polarisation observable H

BnGa 2019

JuBo 2022

All clusters
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Conclusion

GOAL: Better understanding of nucleon exited states

Polarization observables are necessary to disentangle the di�erent

resonance contributions

New data for target asymmetry T especially in forward directions

New data for recoil polarization P and the double polarization

observable H in higher energy bins
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Conclusion

GOAL: Better understanding of nucleon exited states

Polarization observables are necessary to disentangle the di�erent

resonance contributions

New data for target asymmetry T especially in forward directions

New data for recoil polarization P and the double polarization

observable H in higher energy bins

Extensive detector upgrades �nished 2017
Now we are also able to trigger on neutral �nal states with high sensitivity
→ First results for neutrons presented by Jan Hartmann tomorrow 1:30 PM

University of Bonn Sebastian Ciupka T, P and H in γp → pπ0 24



Thank you for your attention!

[1] C. Honisch et al. 'The new APD-Based Readout of the Crystal
Barrel Calorimeter - An Overview' (forthcoming)

[2] J. Hartmann et al., PLB 748, 212 (2015)
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Event Selection
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��� Uncut
��� Time
��� Coplanarity
��� Θ di�
��� π mass
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Cuts 2PEDs
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Cuts 2PEDs

Additional Cuts: (Preliminary)

Cluster size: > 3 (CB), > 3 (Forward plug), > 2 (Mini-Taps)

Gamma Energy > 130 MeV
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Cut Ranges
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2 Ped Scaling
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Cut-ranges
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Cut-ranges 2
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Upgrade Motivation

Main calorimeter was not in �rst level
trigger

Inner Detector is not sensitive to neutral
Particles

Detector angular coverage

Inner Detector 23.1◦ < θ < 166◦

Forward Plug 11.2◦ < θ < 27.5◦

MiniTAPS 1◦ < θ < 12◦

CB calorimeter needs to be included in the �rst level trigger

Archieved by upgrading to Avalanche Photo Diodes with better signal to noise

Signi�cantly increased redout rate with new sampling ADC readout

First results for neutrons presented by Jan Hartman tomorrow 1:30 PM
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