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Introduction

3D structure of the ground state nucleon: Classical GPDs
= Measured with processes like DVCS, DVMP, ...
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Deeply Virtual Compton
Scattering (DVCS)

3D tomography of the nucleon:
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Uncertainties:
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Introduction
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N i.e. N(1440)

ground state nucleon ,. ‘\

(classical GPDs)

3D structure of the excitation
process / excited nucleon states
(N — N* transition GPDs)

=>» Investigate 3D dynamics of the excitation process (angular momentum-, pressure distributions, ... )

= Map out the differences between orbital and radial excitations
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Theoretical Description of Transition GPDs

Theoretical model so far only available for the N — A transition:

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

8 twist-2 transition GPDs for the N — A transition:

unpolarized: polarized:
1
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Experimental Access to Transition GPDs

Non diagonal DVCS process

y*p—>N*y —> p meson y

N-d DVCS

N(p) N(p') N(p) N(p')

process factorizes for (?—, x, fixed, ty/Q2—>O, W?/0*—0
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Experimental Observables

Two final states can be primarily studied:
* 0
YEp = NTy = pmoy — pyyy

vEp — N¥y — nrty

=» Electron scattering in the DIS (high Q?) regime } 12 GeV CEBAF @ JLAB
= High rates

=>» Detection of a multi particle final state (charged + neutral)
CLAS12
under a large acceptance
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First Theoretical Description of the A Region

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

E.=6GeV, Q*=25GeV, x3=0.3, t =-0.5GeV?
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First Theoretical Description of the A Region

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

E. =27 GeV, Q*=2.5GeV, xg=0.15, tY =-0.5 GeV?
cross section BSA
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Studies with CLAS at 6 GeV

Brahim Moreno, PhD thesis Universite Paris Sud XI (2009)
https://www.jlab.org/HallB/general/thesis/Moreno_thesis.pdf
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vEp = N*y — nrty
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= Promissing results but statistics not sufficient for further studies
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CLAS12 Experimental Setup in Hall B at JLAB

Overview

Beamline
|

= Data recorded with CLAS12 during fall of 2018

> 10.6 GeV electron beam =>» 87 % average polarization =¥ liquid H, target

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

- /
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Experimental Observables

v¥p — N* vy — pry — pyyy

Two final states have been studied: "
vikp — N" v — n7r+fy

Kinematic cuts: W>2GeV Q*>1GeV? y<08 -t<2GeV? Epg>2GeV

=>» A series of exclusivity cuts has been applied to select fully exclusive events
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Accessible Kinematic Region with E =10.6 GeV

beam
£1600¢ £1600
5 1400 31400 S
1200;— 1200; Q
1000/ 1000
800 800
600 600 —
400— 400
200 200~
95 R T By S-S 2
Q° [GeV?
ﬂ B % :' I I [TTTTg I I ':
%3500; §1200_— =
83000§— +o00F- -t E
2500 — - ]
2000 — o E
1500 - soor B
1000 a0o- .
500? 200: —:
0(; 6.7 0:"""""""""" .|....|.L..:
Xg ° ° -t[GeVz?

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



Resonance Mass Spectrum for N*—n1r*

counts
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Resonance Mass Spectrum for N* — pr?
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Beam spin asymmetries

entr'y
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The Pion Longitudinal Momentum Fraction

N-d DVCS
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Resonance Mass Spectrum in Bins of a for N*—>nTrt
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Resonance Mass Spectrum for 0.1 < a < 0.4

M, ,nnt01< a<04
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Resonance Mass Spectrum for N* — ptr?

full spectrum, no cuts 0.1<a<0.4
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=» Also for the pm? final state, a cut on a helps to separate A events
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Outlook

First stage: Insight into N—N* transition GPDs for the A(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>2GeV Q*>1GeV? -t<2GeV?):

o expected total events for RG-A with with potential efficiency
20% current reconstruction improvements
epn’y | ~40k ~ 200k ~300k
enmw’y | ~56k ~ 280k ~400k

Fraction of events with -t <1 GeV% 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
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Conclusion

* 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
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Perspectives for the EIC

E. =190 GeV, Q*=4.0GeV, x3=0.2, t =-0.4 GeV?
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P.A.M Guichon, L.Mosse, M. Vanderhaeghen, Phys. Rev. D68 (2003) 034018
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