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• Excited states of nucleons 
manifest in the cross sections as 
broad distributions: resonances. 
• Strong overlapping. 
• Sophisticated tools are needed 

to obtain 

The baryon spectrum cannot be 
predicted by perturbation theory

BARYON SPECTROSCOPY
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Polarization observables

UNPOLARIZED CROSS-SECTION
POLARIZATION OBSERVABLES. 
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Why ?ω
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Courtesy of S. Schadmand

Photoproduction from the Proton 
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We consider the neutron is on-shell 
while proton is off-shell. 
The higher the missing momentum is, 
more Final State Interactions (FSI) 
events will be present. 
What is the effect of the “off-shellness” 
of the nucleon in the observables? 
When the medium starts to affect the 
observables? (particularly important to 
interpret bound neutron data)

Why studying photoproduction off the bound 
proton?

Figure credit: Andrew Sproles, Oak Ridge National laboratory
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Experimental Layout: 
Quick reminder of g13
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Experimental Layout: 
Quick reminder of g13
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Experimental Layout: 
Quick reminder of g13

g13b: 
• Real photon.   
• Linearly polarized photons: Coherent 

Bremsstrahlung 
• 40 cm deuterium target

1.1 ≤ Eγ ≤ 2.3GeV
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Data Analysis: Event Reconstruction
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Data Analysis: Event Reconstruction
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Data Analysis: Event Reconstruction
Charged particle identification
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Data Analysis: Event Reconstruction
Charged particle identification

Neutral particle identification
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Data Analysis: Event Reconstruction
Charged particle identification

Neutral particle identification

Incident photon identification
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Data Analysis: Event Reconstruction
Charged particle identification

Neutral particle identification

Incident photon identification

Other cuts
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Data analysis: Event reconstruction
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Data analysis: Event reconstruction
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Data analysis: Event reconstruction

Non-resonant background

ω

η
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Data analysis: Event reconstruction

Non-resonant background
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Beam Asymmetry
Perpendicular:

Parallel:

Production Plane

Polarization 
Vector

Background 
corrected
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• Beam 
asymmetry This work                                        

Quasi free GRAAL (2015) 
Free proton CLAS (2017) 
Free Proton CLAS (2019) 
Bonn-Gatchina (2016) 
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PRELIMINARY 



Largest source of uncertainty

Systematic Uncertainties:
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The  channel is relevant in the study of higher mass resonances. 

We calculated the Beam Spin asymmetry for the photoproduced  mesons off the 
bounded proton in the deuteron for . (Higher Energies than 
previous CLAS data) 
Comparison with previous quasi-free data from GRAAL collaboration (V. Vegna et al.) 
agrees at low energy bins. The amplitude of the  asymmetry reported in this work is 
larger than GRAAL reported results at . 
Our results, compared to the free proton events reported from CLAS collaboration 
(2017 and 2019) are in general smaller in amplitude for middle angle range.  
Very useful discussion born in Santa Margherita. Ho trovato un paio di nuove idee a 
Portofino! Thank you! 

𝜔
𝜔

𝐸𝛾 = 1.1 − 2.3 GeV

𝐸𝛾 = 1.45 GeV

Conclusions
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Thank you!

Questions?

This work was supported by the U.S. National Science Foundation NSF PHY-1307340 and NSF-PHY-1615146 and the 
U.S. Department of Energy Office of Science, Office of Nuclear Physics, under contract contract no. DE-SC0016583



Handling Background
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Backup slides
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Handling Background



Systematic Uncertainties: related with event 
selection
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Photon identification cut Out of time cut

Neutral particle identification z-vertex 



3  cut - dilution factor𝜎

Systematic Uncertainties: related with event 
selection

 reconstruction𝜋0 p missing cut
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Hadron modeled as a ground state of 
“constituent quarks”
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Fundamental 
quarks from the 
QCD Lagrangian

Quark-antiquark 
pairs and gluons 
cloud
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