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Motivations

1. Generalized Parton Distributions (GPDs) are a well-
established tool for exploring the 3D structure of the
nucleon

2. While extensive studies have been performed for the
ground-state nucleon, little is known about the 3D
structure of resonances.

3. The nucleon-to-resonance (N->N*) transition GPDs may
provide a unique tool for exploring the 3D structure and
mechanical properties of nucleon resonances.
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Generalized Parton Distributions (GPDs)
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Study GPDs: Deeply Exclusive Processes

Deeply Virtual Compton
Scattering (DVCS)
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+ Clean process

- 4 twist2 chiral even GPDs: 2 unpolarized
and 2 polarized.
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Deeply Virtual Meson
Production (DVMP)
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+ Access to transversity degrees of freedom
described by chiral-odd GPDs

- Distribution Amplitude (DA) is involved
as additional soft non pert. quantity
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From the ground state nucleon to resonances

- oo .~

How does the exitation affect the 3D structure of the Nucleon?

— Pressure distributions, tensor charge, ... of resonances?

Traditional way: Study of transition form factors (2D picture of transv. position)

3D picture of the exitation process: Encoded in transition GPDs

Simplest case: N—A transition  =» 16 transition GPDs

* 8 helicity non-flip transition GPDs (twist 2)

- Related to the Jones-Scardon and Adler
EM FF for the N — A transition

» 8 helicity flip transition GPDs (transversity)
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Non-diagonal DVCS / DVMP

non-diagonal DVCS non-diagonal DVMP

Q2 e’

trans. GPD trans. GPD
N N* N* m
N'

factorization expected for: -t/Q%small, Q%> M?« xg fixed

N->A(1232) transition GPDs: 8 twist-2 GPDs: 4 unpolarized, 4
polarized.
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Factorization expected for:

-t/ Q% << 1, xgfixed, and Q* > M,?

=» Provides access to p-A transition GPDs
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CLAS12 at JLAB

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

=» Data recorded with CLAS12 during fall 2018 and spring 2019 (RG-A)
= 10.6 GeV/10.2 GeV electron beam ~ 86 % average polarization

=> liquid H, target
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Event Selection and Kinematic Cuts

Event selection: ep > epr X
X=m

=>» 2 sigma cut around the missing 1*
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Event Selection and Background Rejection
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counts

Monte Carlo Simulations

2 MC samples have been used:

a) Background: Semi-inclusive DIS MC
* Does not contain the A** production in ,forward” kinematics

e Contains nonres. background as well as p production and other potential background channels

* Used to estimate background shape and contaminations

b) Signal: Exclusive mrA** MC
* Phase space simulation with a weigth added to match experimental data

« A peak with PDG mass and FWHM

=>» Both MCs are processed through the full simulation and reconstruction chain
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0.10 GeV? < -t < 0.30 GeV* 0.42 GeV* < -t <0.58 GeV?

Signal and Background Separation

1.30 GeV? < -t < 1.50 GeV?
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BSA

BSA

Resulting Beam Spin Asymmetries (Q%-xg integrated)
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S. Diehl et al. (CLAS collab.),

Phys. Rev. Lett. 131, 021901 (2023)

S. Diehl et al. (CLAS collab.)

Phys. Lett. B 839, 137761 (2023)

A. Kim, submitted to PLB
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Outlook and Next Steps

non-diagonal DVCS
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=>» The prt* final state can only be populated by A-resonances

- Large gap between A(1232) and higher resonances
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Non-Diagonal DVCS

ep—-eA'y se‘nmty
Kinematiccuts: W=>2GeV Q*>1GeV? y<08 -t<2GeV? Epyg>2GeV

Background:

M(x* v) for 1.13 GeV < M(n" n) < 1.33 GeV
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ep->eynm’*
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Electron Scattering Binning Scheme

Resonance Region DIS Region
Inclusive Scattering Q% W Q?, Xg
Exclusive Process (y, &, p, ¢, ..) Q% W, cos0*, ¢ Q?, xg, -t, ¢
Off-diagonal DVCS or DVMP Q2 xg, -t, ¢, M, cOSO*, ¢’
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Conclusion and Outlook

1. Hard exclusive m~A™ production has been measured with CLAS12 and
provides a first observable sensitive to N->A transition GPDs. (Phys. Rev. Lett.
131, 021901 (2023))

2. The obtained BSA is clearly negative and ~ 2 times larger than for nt*

3. Transition GPDs based description of the reaction exists by P. Kroll and K.
Passek-Kumericki ( ), but a reliable prediction
of BSAs is not available due to missing experimental constraints to the
transversity transition GPDs.

Outlook

1. The N->N* DVCS and N->N* DVMP processes are under investigation by
scanning a wide range of invariant mass of Nr.

2. First data on these reactions are becoming available from experiments at
JLab12, but detailed strategies for their analysis and theoretical
interpretation need to be developed.

3. A new proposal would be submitted to the 2024 JLAB PAC for high statistics
runin 7D: Q2, xg, t, 0, My, 6%,¢°

<.
UCONN | 2uysssmyor clas;s
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CLAS12

b
Beamline

Click on
boxes for info

Transition Form Factors l Transition GPDs (3D N* Physics)

(N* Physics) at 6 GeV JLab Era at 12-22 GeV JLab Era
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Sources of Systematic Uncertainty

1. Uncertainty of the background subtraction

- 2 sources of uncertainty: S/B ratio and sideband asymmetry

- Both sources were varied within their uncertainty range
=> Typically in the order of 1.5 % (low -t) - 12.5 % (high -t)  (stat. ~ 12 - 25 %)

= Dominant sys. uncertainty for the high -t bins
2. Uncertainty of the beam polarization ~3.1%
3. Effect of the extraction method and the denominator terms ~ 2.8 %

4. Acceptance and bin-migration effects ~2.9%
- Comparison of injected and reconstructed BSA in the MC

5. Radiative effects ~3.0%
6. Other sources (particle ID, fiducial cuts, ...) <2.0%

Total: 7.1 -14.3 %
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Background Asymmetry Subtraction

Method 1: A sideband based background subtraction

« S/B ratio from a fit of the signal shape and background
asymmtry from the sideband

Method 2: A bin-by-bin background subtraction

w
» Fit of the p1* inv. mass with a ,Sill” function and =
a 5th order polynomial in each Q?, Xg, -t, ® bin. 3.
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Background Subtraction

* Based on the obtained S/B ratio and based on the asymmetry of the sideband, the
contribution of the non-resonant background has been subtracted.

* As acrosscheck, a bin-by-bin background subtraction has been performed with a fit of the
signal and background function in each phi bin and for each helicity state.

* A good agreement of the two methods has been found.
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Method 1: A sideband based background subtraction - |

Background Subtraction

S/B ratio based on
data - MC comparison
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Background Subtraction

Method 2: A bin-by-bin background subtraction

» Fit of the pt* inv. mass with a ,Sill” function and a 5th order polynomial in each Q?, xg, -t, ® bin.
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