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Plane Wave Born Approximation (PWBA) Distorted Wave Born Approximation 
(DWBA)
• Effective Momentum Approximation (EMA)

Probing nuclei with electrons & positrons
(Quasi-elastic scattering case)
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Coulomb field
electron: p increases and p’ decreases
positron: p decreases and p’ increases

Coulomb effects on xsec
electron: shift to higher energies + decrease Stotal
positron: shift to lower energies + increase Stotal
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Coulomb Corrections, Ctnd.

LEEPP2026, 23-27 March 2026, Slide 5

before correction

P. Guèye, PRC, 60, 044308 (1999)

after correction

Z-dependent (Vc)
Scaling: 1+δ>1𝛾

See W. Melnitchouk talk
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Beyond the (1𝛾-exchange) Born Approximation
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Dispersive Effects
Minima of diffraction : F(q2) à 0; Re{G(q2)} + Im{G(q2)}
Comparison e--e+ : even terms canceled; Re{G(q2)}

J. Friar and M. Rosen, Annals Phys., 87:289–326, 1974.
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Dispersive Corrections

LEEPP2026, 23-27 March 2026, Slide 8

P. Guèye, Phys. Rev. C, 57:2107–2110 (1998)
G. H. Rawitscher, Phys. Rev., 151:846–852 (1966)

J. Friar and M. Rosen, Annals Phys., 87:289–326, 1974P. Guèye et al., EPA, 56(5), 126 (2020)

Energy dependence
• (A,Z) evolution?
• Unpolarized vs. polarized beam?
• …

Lepton charge
• Accurate prediction needed!
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IAEA Technical Meeting [1]
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More accurate compilation (rms nuclear charge radii)
• Latest: Angeli, I. & Marinova, K. P

» Atom. Data Nucl. Data Table, 99, 69 (2013)

Challenges
• Large uncertainties: mainly theory
• Need guidance for experiments
• No dispersive effects in past compilations!
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IAEA Technical Meeting [2]
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Best practices to extract precise rms from nuclei?
• Stable nuclei

» electron scattering (deVries, 1987!), muon or laser spectroscopy
• Unstable nuclei

» laser spectroscopy (need ref. nuclei), electrons (SCRIT @ RIKEN and ULQ2 @ Tohoku Univ.)
• Standardize

» e.g., Barrett moments from μ-spectroscopy (accuracy: ≤0.1%)

How to get there?
• Need both experimental and theoretical work

» Across the nuclear chart
• Regular charge nuclear radii compilation

» “à la” AMDC
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Dispersive Effects and Charge Distributions

LEEPP2026, 23-27 March 2026, Slide 12

Jlab/PAC53 proposal: not recommended
Plan to re-submit (e-: qualitative information; e±: absolute)
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Matter Radii [1]
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Ratio method
• Access to Sn, rn

Minima of diffraction
• Access to matter radii
• New data (January 2026!) 

51,52K, 52,53Ca, 53,54,55Sc, 55,56Ti

Matter Radii [2]
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S. Ota et al., PRL, 134, 212501 (2025)
P. Capel, R. Johnson, and F. Nunes, PLB 705, 112 (2011).
P. Capel, R. C. Johnson, and F. M. Nunes, PRC 88, 044602 (2013).
P. Capel, R. Johnson, and F. Nunes, EPA 56, 300 (2020).

22.8 MeV/u
11Be + 12C à 10Be + n
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Ratio Method: 19C à 18C Experiment
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DoE Proposal (submitted Fall 2025; waiting for review)
• WMU: Asghar Kayani, Zbigniew Chajecki; MSU: Paul Guèye; SJS: Nicholas Esker
• One focus: measurements of low-energy elastic scattering cross-sections from H to Cu beams

» on stable and radioactive targets, including some residing in the lanthanide and actinide region
• Complement charge radii to infer neutron distributions!

Main systems
• 6MV Tandem

» Charged states: H (via CH2), 12C, 27Al, 48Ca, 56Fe, 197Au, 208Pb
• PING beamline 

» Physicists Inspiring the Next Generation (PING)
» Participants: middle/High school + undergraduate students
» Summer + year long programs
» Undergrads mentoring pre-college students
» Entire beamline designed by PING students!

• Leverage Rutherford scattering kit from LeyboldTM

Western Michigan University [1]
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Collaboration with San Jose University (N. Esker, V. Zakusilova [FRIB])
Possibility to use create radioactive targets
• Already produced

• In progress (Lanthanide/Actinide region) – in discussion with JLab target group
» 140Nd, 139Ndm, 168Tm, and 171Tm
» Production (average): 10-100 mCi/week

Western Michigan University [2]
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Technique assumes spherical nuclei

Electron/Positron (elastic) scattering:
from Form Factors to Charge Distributions
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Should use both techniques in analysis!
Check for energy dependence
Compare: e-A, e+A, e−A, e+A (spin 0 & non-0)

J.B. Bellicard et al., Phys. Rev. Lett. 19, 527 (1967)

D. Verney, History of the concept of nuclear shape, EPJA, 61:82 (2025) 
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Thank you!
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