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Nucleon StructureNucleon Structure

Constituent quark models Constituent quark models 
new lattice QCD new lattice QCD calcscalcs, , 
holographic dual QCD holographic dual QCD --> > 
different predictions of different predictions of 
spectrumspectrum
““MissingMissing”” nucleon nucleon 
resonancesresonances
Polarization observables Polarization observables 
essential to eliminate model essential to eliminate model 
dependencies dependencies 
Recoil Recoil polarimeterpolarimeter prepre--
requisite for requisite for ““complete complete 
measurementmeasurement””

QCD models

Constituent quark model



Polarization Observables in meson Polarization Observables in meson 
photoproductionphotoproduction

16 observables: dσ/dΩ, 3 single pol. 
observables, 12 double pol. observables
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Measuring Proton PolarizationMeasuring Proton Polarization

PT=√Px
2 +Py

2



ApparatusApparatus
MAMAinzinz MIMIcrotroncrotron-- up to 1.5 up to 1.5 GeVGeV electron beamelectron beam-- tagged photon tagged photon 
beam up to 1.4 beam up to 1.4 GeVGeV-- photon beam can be polarized linearly photon beam can be polarized linearly 
(90%) or circularly (85%)(90%) or circularly (85%)
Crystal BallCrystal Ball

672 672 NaINaI scintillatorsscintillators
Covers 94% of 4Covers 94% of 4ππ
good resolution: good resolution: σσθθ= 2= 2--33°°, , σσφφ= 2/sin= 2/sinθθ for photonsfor photons

Edinburgh PIDEdinburgh PID
2 mm thick segmented plastic 2 mm thick segmented plastic scintillatorscintillator barrelbarrel
ΔΔE signalE signal

TAPSTAPS
510 BaF510 BaF22 detectorsdetectors
Covers forward angle regionCovers forward angle region



Crystal Ball at MAMI setupCrystal Ball at MAMI setup

Beam lineCrystal BallTAPS
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Experimental SetupExperimental Setup

4 cm thick graphite 
cylinder

Reconstruct 
π0 from γ’s



Event selectionEvent selection
Look at single Look at single π0 events, apply missing mass cut
Compare ϕ-angle of missing 4-momentum to PID hits

ΔE vs E (MeV)



Results from test Results from test beamtimesbeamtimes (2x3 day runs)(2x3 day runs)

Δ(1232) resonance

second resonance 
region

γ+p→p+π0



Initial Proton AsymmetryInitial Proton Asymmetry

n(φ) = n0 {1+ Aeff[Py cos φ –Px sin φ]}
Transferred helicity from beam to nucleon 
gives sin φ modulation, amplitude = AeffCxPosin φ

Beam helicity
asymmetry



Preliminary results from commissioning Preliminary results from commissioning 
testtest

Cx

Ebeam



Summary and outlookSummary and outlook

Edinburgh recoil Edinburgh recoil polarimeterpolarimeter -- first measurements of beamfirst measurements of beam--recoil recoil 
observables in pion observables in pion photoproductionphotoproduction
Will allow the first complete measurement of experimental Will allow the first complete measurement of experimental 
observablesobservables
Milestone in constraining the properties of the poorly establishMilestone in constraining the properties of the poorly established ed 
nucleon excitation spectrumnucleon excitation spectrum

Future workFuture work
ηη photoproductionphotoproduction
KinematicKinematic fit analysis, detailed modeling and assessment of analyzing fit analysis, detailed modeling and assessment of analyzing 
powerspowers
1000 hour approved 1000 hour approved beamtimebeamtime to run later this year with linearly and to run later this year with linearly and 
circularly polarized beamcircularly polarized beam
Upgrade of Upgrade of polarimeterpolarimeter to make deuterium target and recoil neutron to make deuterium target and recoil neutron 
polarimetrypolarimetry measurements possiblemeasurements possible
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