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3D structure of the ground state nucleon:  Classical GPDs

 Measured with processes like DVCS, DVMP, …

Stefan Diehl, JLU + UCONN sQCD workshop 2021 06/09/2021

Deeply Virtual Compton 
Scattering (DVCS)

3D tomography of the nucleon:

6 GeV

pressure and 
shear forces

mass

angular momentum
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3D structure of the excitation
process / excited nucleon states

(N → N* transition GPDs)

Stefan Diehl, JLU + UCONN sQCD workshop 2021 06/09/2021

ground state nucleon
(classical GPDs)

 Investigate 3D dynamics of the excitation process (angular momentum-, pressure distributions, … )

 Map out the differences between orbital and radial excitations

i.e. N(1440)

i.e. N(1535)



TheoreticalTheoretical DescriptionDescription of of TransitionTransition GPDsGPDs
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8 twist-2 transition GPDs for the N → Δ transition: 

unpolarized: polarized:
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P.A.M Guichon, L. Mosse, M. Vanderhaeghen, Phys. Rev. D 68 (2003) 034018

Theoretical model so far only available for the N → Δ transition: 



Experimental Access to Experimental Access to TransitionTransition GPDsGPDs
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Non diagonal DVCS process

process factorizes for

 mesonpNp  **

Stefan Diehl, JLU + UCONN sQCD workshop 2021 06/09/2021



Experimental Experimental ObservablesObservables
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Two final states can be primarily studied:

 Electron scattering in the DIS (high Q²) regime   
 High rates

 Detection of a multi particle final state (charged + neutral) 
under a large acceptance

12 GeV CEBAF @ JLAB

CLAS12

Stefan Diehl, JLU + UCONN sQCD workshop 2021 06/09/2021



First Theoretical Description of the Δ Region
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P.A.M Guichon, L.Mosse, M. Vanderhaeghen, Phys. Rev. D68 (2003) 034018

Ee = 6 GeV,  Q² = 2.5 GeV,  xB = 0.3,   tγ = -0.5 GeV²

cross section BSA

Stefan Diehl, JLU + UCONN sQCD workshop 2021 06/09/2021

BH          nDVCS BH + DVCS



First Theoretical Description of the Δ Region
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P.A.M Guichon, L.Mosse, M. Vanderhaeghen, Phys. Rev. D68 (2003) 034018

Ee = 27 GeV,  Q² = 2.5 GeV,  xB = 0.15,   tγ = -0.5 GeV²

cross section BSA

Stefan Diehl, JLU + UCONN sQCD workshop 2021 06/09/2021

BH          nDVCS BH + DVCS
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StudiesStudies withwith CLAS at 6 CLAS at 6 GeVGeV

Brahim Moreno, PhD thesis Universite Paris Sud XI (2009) 
https://www.jlab.org/HallB/general/thesis/Moreno_thesis.pdf

 Promissing results but statistics not sufficient for further studies
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CLAS12 Experimental Setup in Hall B at JLABCLAS12 Experimental Setup in Hall B at JLAB

 10.6 GeV electron beam  87 % average polarization  liquid H2 target

 Analysed data ~ 20 % of the approved RG-A beam time

 Data recorded with CLAS12  during fall of 2018

V. Burkert et al., Nucl. Instrum. Meth. A 959 (2020) 163419 

Stefan Diehl, JLU + UCONN sQCD workshop 2021 06/09/2021



Experimental Experimental ObservablesObservables
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Two final states have been studied:

 A series of exclusivity cuts has been applied to select fully exclusive events

W > 2 GeV Q² > 1 GeV² y < 0.8     -t < 2 GeV²Kinematic cuts: EDVCS > 2 GeV

Stefan Diehl, JLU + UCONN sQCD workshop 2021 06/09/2021

Generated MC events
for 10.6 GeV electrons:



Accessible Kinematic Region with EAccessible Kinematic Region with Ebeambeam = 10.6 = 10.6 GeVGeV
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W Q²

xB
-t

Stefan Diehl, JLU + UCONN sQCD workshop 2021 06/09/2021



ResonanceResonance MassMass SpectrumSpectrum forfor N*N*→→nnππ++
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enπ+γ
Δ

2nd res

3rd res
preliminary

Stefan Diehl, JLU + UCONN sQCD workshop 2021 06/09/2021

preliminarypreliminarypreliminary

preliminary



ResonanceResonance MassMass SpectrumSpectrum forfor N* N* →→ ppππ00

1313

epπ0γ

Δ

2nd res

3rd res

prelim
inary

Stefan Diehl, JLU + UCONN sQCD workshop 2021 06/09/2021



BeamBeam spinspin asymmetriesasymmetries
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epπ0γenπ+γ

Mnπ+ = 1.18 GeV Mpπ0 = 1.18 GeV

theory prediction: Guichon et al. Phys. Rev. D68 (2003)

preliminarypreliminary

raw asymmetryraw asymmetry

Stefan Diehl, JLU + UCONN sQCD workshop 2021 06/09/2021



The The PionPion Longitudinal Longitudinal MomentumMomentum FractionFraction
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ResonanceResonance MassMass SpectrumSpectrum in in BinsBins of of αα forfor N*N*→→nπ+
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Δ

Δ Δ

Δ

Δ
Δ

Δ

preliminary
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ResonanceResonance MassMass SpectrumSpectrum forfor 0.1 < 0.1 < αα < 0.4< 0.4
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enπ+γ

Q² dependence:

Δ 2nd res

3rd res

Δ 2nd res

3rd res

preliminary

Stefan Diehl, JLU + UCONN sQCD workshop 2021 06/09/2021



ResonanceResonance MassMass SpectrumSpectrum forfor N* N* →→ ppππ00
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epπ0γΔ

2nd res

3rd res

full spectrum, no cuts 0.1 < α < 0.4

 Also for the pπ0 final state, a cut on α helps to separate Δ events

preliminary

preliminary

Stefan Diehl, JLU + UCONN sQCD workshop 2021 06/09/2021



Outlook
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First stage: Insight into N→N* transition GPDs for the Δ(1232)3/2+ resonance

Second stage: Extension to the N(1440)1/2+, N(1520)3/2- and N(1535)1/2- resonances

Events in the complete resonance spectrum (W > 2 GeV Q² > 1 GeV² -t < 2 GeV²):

~400k~ 280k~ 56ke n π+ γ

~300k~ 200k~ 40ke p π0 γ

with potential efficiency 
improvements

expected total events for RG-A with 
current reconstruction20%

Fraction of events with -t < 1 GeV²:   20 – 45 % (depending on the torus field)

 Statistics sufficient for a first extraction of cross sections and BSA

 Planings for a high luminosity run of CLAS12 are ongoing

 Possibility of studies at the EIC

Stefan Diehl, JLU + UCONN sQCD workshop 2021 06/09/2021



ConclusionConclusion
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• CLAS12 in combination with the upgraded CEBAF provides good 
conditions to measure the non-diagonal DVCS process

• Results will provide insight in the 3D image of the N→N* transition
for the first time

• Resonance structures can be identified in the pion – nucleon 
invariant mass spectrum

• A first BSA extraction provides a qualitative agreement with
transition GPD based theory predictions

Stefan Diehl, JLU + UCONN sQCD workshop 2021 06/09/2021



Perspectives for the EIC

backupbackup

P.A.M Guichon, L.Mosse, M. Vanderhaeghen, Phys. Rev. D68 (2003) 034018

Ee = 190 GeV,  Q² = 4.0 GeV,  xB = 0.2,   tγ = -0.4 GeV²

Stefan Diehl, JLU + UCONN sQCD workshop 2021 06/09/2021

BH          nDVCS BH + DVCS

COMPASS
kinematics

EIC


