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N* Electroexcitation studies with CLAS

1. N* program was a flagship program with JLab 6 GeV.
2. A rich spectrum of baryon resonances is known to emerge from QCD.
3. Results on gvpN* electrocouplings of spin-isospin flip, radial, and 

orbital excited nucleon resonances have been mapped out for a large 
range of Q2. 

4. Measured electromagnetic transition (N->N*) form factors in 
electroproduction experiments describe the spatial distribution of 
charge and current in the dynamical system. 
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Summary of Published CLAS Data on Exclusive Meson
Electroproduction off Protons in N* Excitation Region
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Integrated cross section at W < 2 GeV 
for γ*p→π+n and γ*p→π0p 

γ*p→π0p
Q2 = 0.4 GeV2 

γ*p→π0p
Q2 = 3.5 GeV2 

γ*p→π+n 

Q2 = 0.4 GeV2 
γ*p→π+n 

Q2 = 3.5 GeV2 

à States with different quantum numbers respond differently to increase in Q2. 
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q3 and MB contributions in Δ(1232)3/2+ and Roper 
N(1440)1/2+

q3+MB

q3

MB

Δ(1232)3/2+ Roper N(1440)1/2+

The meson-baryon cloud becomes the biggest contribution for Q2 < 1 GeV2, 
but almost vanishes for Q2 > 2 GeV2.

*
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Generalized Parton Distributions (GPDs)

1. GPDs unify the concepts of the elastic nucleon form factors and 
the quark/gluon particle densities.

2. GPDs encode the 3-dimensional partonic structure of the 
nucleon by correlating the internal transverse position of the 
partons with their longitudinal momentum fraction.

3. GPDs quantify the distribution of energy, momentum, angular 
momentum, and forces in the nucleon, which allows one to 
discuss the mechanical properties of the quantum system.

4. Total 8 independent GPDs of which 4 do not flip the parton 
helicity (twist-2), while the other 4 flip the parton helicity and 
are also known as transversity GPDs (twist-3) indicated by T in 
the subscript:           and  .

5. “Nucleon imaging” is a flagship program of JLab 12 GeV.
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Study GPDs: Deeply Exclusive Processes

Deeply Virtual Compton 
Scattering (DVCS)

Deeply Virtual Meson 
Production (DVMP)

L

+ Clean process
- Sensitive to chiral even GPDs

+ Access to transversity degrees of freedom 
described by chiral-odd GPDs 

- Distribution Amplitude (DA) is involved 
as additional soft non pert. quantity

DA
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Beam spin asymmetry for DVCS and DVMP on the proton 
with CLAS12

G. Christiaens et al. (CLAS), Phys. Rev . Lett 130 (2023)

S. Diel et al. (CLAS), Phys. Lett B 839 (2023)
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N→N* Transition GPDs

1. What is the spatial distribution of quarks in excited baryon 
states, and how does it differ from the ground state? Can we 
construct tomographic images of the baryon resonances?

2. What are the distributions of energy, momentum, and angular 
momentum carried by quarks and gluons in baryon resonances? 
Can we quantify the mechanical properties of the baryon 
resonances?

3. What is the distribution of quark tensor charge in baryon 
resonances? What is the gluonic structure of resonances?

4. The transition GPDs allow one to construct tomographic images 
of the N* at the same level as the nucleon and discuss the QCD 
structure of resonances in these terms.



6/27/2024 123D Structure 2024

N→N* Transition GPDs

For N→P11(1440) transition: 4 (2+2) twist-2 transition GPDs

For N→D13(1520) transition: 8 (4+4) twist-2 transition GPDs

For N→S11(1520) transition: 4 (2+2) twist-2 transition GPDs

K. Semenov, M. Vanderhaeghen, arXiv:2303.00119 (2023)
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Physics content of transition GPDs
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Non-diagonal DVCS / DVMP
non-diagonal DVCS

factorization expected for:  -t/Q² small,    Q² > M²N* xB fixed, 
W > 2GeV

non-diagonal DVMP
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with CLAS12-+-++ ®D® ppp epeep
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-+-++ ®D® ppp epeep

Factorization expected for:

-t / Q² << 1, , xB fixed, and Q² > MΔ²

è Provides access to p-Δ transition GPDs

è The pπ+ final state can only be 
populated by Δ-resonances -> Large gap 
between Δ(1232) and higher resonances

-+-++ ®D® ppp epeep
Iz = +3/2
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Event Selection and Kinematic Cuts
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Signal and Background Separation
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Resulting Beam Spin Asymmetries (Q2-xB integrated)
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Results

S. Diehl et al. (CLAS collab.)
Phys. Lett. B 839, 137761 (2023)
A. Kim, submitted to PLB

S. Diehl et al. (CLAS collab.), 
Phys. Rev. Lett. 131, 021901 (2023)내
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Mnp+

Mnp+

ep->egnp+ 

W > 2 GeV

S. Diehl (Giessen+UConn)
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Lower -t
Higher -t

S. Diehl (Giessen+UConn)
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ep->enp+ ep->egnp+ vs.
ep->egnp+ 

ep->enp+ 

W > 2 GeV

Lower -t Higher -t

Lower Q2 Higher Q2

K. Park et al., PR C77 (2008) 
015208;  PR C91 (2015) 045203

S. Diehl (Giessen+UConn)
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Electron Scattering Binning Scheme

Inclusive Scattering

Exclusive Process (g, p, r, f, ..)

Resonance Region DIS Region

Q2, W Q2, xB

Q2, W, cosq*, f Q2, xB, -t, f

Off-diagonal DVCS or DVMP Q2, xB, -t, f, MpN, cosq*, f* 



6/27/2024 303D Structure 2024



6/27/2024 313D Structure 2024

Summary and Outlook

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

2. The obtained BSA is clearly negative and ~ 2 times larger than 
for p+

Outlook
1. The N->N* DVCS and N->N* DVMP processes are under 

investigation by scanning a wide range of invariant mass of Np.
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 JLAB PAC in the near 
future for high statistics run in 7D: Q2, xB, t, f, MNp, q*,f*

4. Future opportunities: COMPASS/AMBER, EIC, …
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BACKUP
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Sources of Systematic Uncertainty
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Event Selection and Background Rejection


