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Baryon Spectroscopy

@ Study excited nucleon states

@ In the past, large datasets with 07 ]
pion nucleon scattering
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Baryon Spectroscopy

@ Study excited nucleon states
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Baryon Spectroscopy

Study excited nucleon states
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Baryon Spectroscopy

Study excited nucleon states

In the past, large datasets with
pion nucleon scattering

Expanding the data base with
photoproduction

Short decay time of excited
states

Broad resonances with strong
overlap
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Resonances
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Resonances
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Analysis
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Event selection

Only interested in: vp — pr® = py~y

To remove background events kinematic cuts are applied:

Meson mass
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Event selection

Only interested in: vp — pr® = py~y

To remove background events kinematic cuts are applied:

Meson mass

o The angle difference © between predicted and
measured proton should be 0 £ 20
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Event selection

Only interested in: vp — pr® = py~y
To remove background events kinematic cuts are applied:

Meson mass

o The angle difference © between predicted and
measured proton should be 0 £ 20

e Kinematic constraints require the beam direction,
the proton and meson to be
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Event selection

Only interested in: vp — pr® = py~y

To remove background events kinematic cuts are applied:

Meson mass

o The angle difference © between predicted and
measured proton should be 0 £ 20

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

@ Reconstructed invariant proton mass should be
mpy £ 20
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Event selection

Only interested in: vp — pr® = py~y

To remove background events kinematic cuts are applied:

Meson mass

o The angle difference © between predicted and
measured proton should be 0 £ 20

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

@ Reconstructed invariant proton mass should be
mpy £ 20

@ Reconstructed invariant should be
mgo + 20
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Differential cross section

Photon Target
polarization polarization
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Differential cross section

Photon Target

polarization polarization
X Y Zeam)
dU do’ unpolarized |- T -
H linear = |H (-P)-G
9= <dQ) (1 —0Xcos(2(ax — ®)) + AT sin(8 — P) mear e
0
— 6AP cos (2(ac — ®)) sin(3 — ®) — SAH sin (2(a — ®) cos(B — P))
We measure:

@ o) and o with offset of 90°
e [y and 3 with offset of 180°

0: Beam polarization degree A: Target polarization degree
«: Beam polarization direction [: Target polarization direction
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Differential cross section

Photon Target

polarization polarization
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Extracting the Polarization Observables

A1(¢) for 0.2 < cos(©) < 0.3; E, = 974MeV
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Extracting the Polarization Observables

A1 (¢) for 0.2 < cos(©) < 0.3; E, = 974MeV
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Background Subtraction

Butanol Target: C4HyOH
= Measure reactions off of free protons (H) and carbon (C) and oxygen (O)
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Background Subtraction

Butanol Target: C4HyOH
= Measure reactions off of free protons (H) and carbon (C) and oxygen (O)

@ Nucleons in carbon and oxygen have Fermi

motion Coplanarity
= broader spectrum can be seperated »
from hydrogen spectrum ;:: ;
o Background is determined by measuring >
with a carbon foam target oF
@ The same event selection is applied £
@ Carbon is scaled to the butanol data 7
IV o
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Background Subtraction

Butanol Target: C4HyOH
= Measure reactions off of free protons (H) and carbon (C) and oxygen (O)

@ Nucleons in carbon and oxygen have Fermi

motion .

Coplanarity
= broader spectrum can be seperated )
from hydrogen spectrum [

@ Background is determined by measuring
with a carbon foam target -+

@ The same event selection is applied
o Carbon is scaled to the butanol data

NfaU]
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Increasing the acceptance in forward directions

So far assumed all three products (v, v and p)
Analyse additional events categories:

@ Proton was only detected a charge sensitive detector — Same event selection can be
applied
@ Proton not detected at all — Certain constraints are stil applicable

7% in forward direction = Protons only with low energy

Only with all particles detected All event categories
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Comparing the results - Low energies

—— All clusters

—— Hartmann et al.
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Comparing the results - High energies
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Comparing the results - Low energies

— BnGa 2019

— JuBo 2022

—— All clusters
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Comparing the results - High energies
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Recoil polarization observable P
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Recoil polarization observable P
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Double polarization observable P
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Conclusion

GOAL: Better understanding of nucleon excited states

e Polarization observables are necessary to disentangle the different
resonance contributions

o New data for target asymmetry T especially in forward direction

o New data for recoil polarization P and the double polarization
observable H in higher energy bins

e The inclusion of these new datasets into the PWA models will
improve the understanding at higher resonance masses
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Thank you for your attention!
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Double polarization observable H
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uble polarization observable H
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Event Selection
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Cuts 2PEDs
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Cuts 2PEDs

Additional Cuts:

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

@ Gamma Ener

gy > 130 MeV
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