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Probing nuclei with electrons & positrons
(Quasi-elastic scattering case)

Plane Wave Born Approximation (PWBA) Distorted Wave Born Approximation
(DWBA)
- Effective Momentum Approximation (EMA)
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Coulomb effects on xsec
electron: shift to higher energies + decrease Sy
positron: shift to lower energies + increase Sig

Coulomb field
electron: p increases and p’ decreases
positron: p decreases and p’ increases
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Coulomb Corrections, Ctnd.

: before correction
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Z-dependent (V)
Scaling: 1+0,4,

Born Approximation

M M + ... Coulomb Corrections

See W. Melnitchouk talk
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Beyond the (1y-exchange) Born Approximation

N4 Born Approximation

j:z:( M + ... Coulomb Corrections

N4 + ... Radiative Corrections

|n> X

d3p
(h Q2

(0lp(g2)In) (nlp(41))0)

p? —p}, —ie

Maisp = Z /

n#0

a Facility for Rare Isotope Beams

FRIB 640 South Shaw Lane * East Lansing, Ml 48824, USA

frih mei1 adni

partial-wave
analysis

+ ... Dispersive Corrections

a(pn)

U.S. Department of Energy Office of Science | Michigan State University

J. Friar and M. Rosen, Annals Phys., 87:289-326, 1974.

2. n) {n| =1

N
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static
analysis

|Melast+disp |2

dynamic
corrections

Dispersive Effects
: F(g%) = 0; Re{G(q
: even terms canceled; Re{G(q

)} + Im{G(q°)}
°)}

Minima of diffraction
Comparison e-e*
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P. Guéye et al., EPA, 56(5), 126 (2020)

F (e,e’) elastic: 1 * minimum of “C
[ ¢ Nikhef [Offerman, 1991]
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+ Stanford [Sick, 1970]
4 JLab (LEDEX)
— Linear fit
---- Quadratic fit
Fit pseudo-data
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Energy dependence
- (A,Z) evolution?

disp+stat
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J. Friar and M. Rosen, Annals Phys., 87:289-326, 1974

4

Dispersive Corrections

I ---- 374.5 MeV
— 747.2 MeV

L Minimum

« Unpolarized vs. polarized beam?
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Lepton charge

« Accurate prediction needed!

T
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P. Guéye, Phys. Rev. C, 57:2107-2110 (1998)
G. H. Rawitscher, Phys. Rev., 151:846-852 (1966)
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IAEA Technical Meeting [1]

More accurate compilation (rms nuclear charge radii)
- Latest: Angeli, I. & Marinova, K. P
> Atom. Data Nucl. Data Table, 99, 69 (2013)

Technical Meeting on Compilation and Evaluation of Nuclear Charge Radii

C h a | | e n g e S Jan 27,2025, 9:00AM — Jan 30, 2025, 5:00 PM Europe/Vienna

Q@ Room C0343 (IAEA Headquarters, Vienna)

d La rge u nce rtainties: main Iy theory 8 Paraskevi DIMITRIOU (international Atomic Energy Agency)
° N eed g u id a n Ce fo r eX pe ri m e n tS Description ﬁ‘;ﬁz?lig:;met:::‘lg gze"r(;(;r:zieli((i;:wv?zgni\jaAIEz:i:arT of Nuclear Charge Radii” will be held from 27-30 January 2025, at the Headquarters of the

The purpose of the meeting is to discuss the revision of the table of recommended nuclear charge radii by Angeli and Marinova (2013), published in

° N O d iS pe rSiVe eﬁects i n paSt CO m p i | ati O nS ! ADNDT 99 (2013) 69-95 and accessible from the Nuclear Data Services webpage: https://nds.iaea.org/radii/.

Since 2013, there have been significant developments in both experimental techniques and microscopic theories, improving the quality of the data
and our knowledge of nuclear charge radii for a growing number of nuclei. It is therefore, important to capture these developments and
improvements in the tables of recommended charge radii.

Some of the topics to be covered:

* New experimental techniques and measurements

Evaluation methods and uncertainty quantification

The role of nuclear theory

Emerging needs and priorities

Revision and future maintenance of the nuclear charge radii tables

The meeting will comprise presentations with ample time for discussion, and I i A summary of the technical discussions and
recommendations will be published in a report.

@ [ 20250128.12345.. [ 20250128.12350.. (§ Summary Report ..

Contact = PDimitriou@iaea.org
2 C.Monfero@iaea.org

Participants 20 View full list
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IAEA Technical Meeting [2]

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 p-spectroscopy (accuracy: <0.1%)

How to get there? _
- Need both experimental and theoretical work |&2; Nuclear Data

Databases » ENSOF | XUNDL | NuDat | UveChaet | NSR | Nuckear Wallet Cards

Intermational Abeec € nergy Agency

Nuclear Data Services

w  ENSOF Marwials | Codes | Nuciear Dats Sheets | EXFOR

> Across the nuclear chart
. o O AMDC
- Regular charge nuclear radii compilation o Atomic Mass Data Center
>» “ala” AMDC AMDC %LZ;Z‘:ZL‘Z’:T:Zfi?lili’liii".i;f.?;";ﬁ;L“,‘:.Z 0 o A domhaten sbout ANE and MASASE

Atomic Mass Evaluation - AME2020
The evaluation has been published in Chinese Phys. C 45 030002 (2021), and Chinese Phys. C 45 030003 (2021).

The four main ASCII files
1. mass_1.mas20 - »
2. massround.mas2
3. retl.mas20 - react
4. ret2_1.mas20 - re.
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Dispersive Effects and Charge Distributions

P. Gueye et al., EPJ A56(5) 2020
F(q) = 1 - 0.00833q
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Jlab/PACS53 proposal: not recommended paisp(r)p(r) [%] | 4.91 | 4.11 | 458 [ 465 | 4.65 | 3.49
Plan to re-submit (e": qualitative information; e*: absolute)
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Matter Radii [1]

. G. Satchler, W. Love, Phys. Rep. 55(3) (1979) 183-254
Double-folding model L. Chamon et al., Comp. Phys. Com. 267 (2021) 108061

- Optical potential to describe two colliding ions obtained by
> Averaging an appropriate N-N interaction over the matter distributions
> Similar approach as treatment of the Coulomb interaction

- Two components: real (Coulomb) and imaginary (nuclear)

« Use two-Fermi parameter distribution

_ PHY-2012040

St o Ry = 1.76Z"/3 — 0.96 fm a = 0.53 fm

0150

wwon
Lead-208 - Matter
Lead-208 - Charge
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Po Ro a
(fm) (fm)

Charge | 0.08 protons/fm3 1.76Z1/3 - 0.96 fm | 0.53

0100

ty p(r) [nucleons/tm?]

Matter 0.17 nucleons/fm3 | 1.31A1/3-0.84 fm | 0.56

o
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Si{0) - ToF 1900-Pot ! * . . : . % 3 Makaila Parks

it ¢ (1) ¢ (Spelman, Undergrad student)
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Matter Radii [2]
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Ratio Method: 1°C - 18C Experiment

FRIB PAC3 proposal
- PR25076: spokespersons are S. Ota (BNL), P. Capel (JHUM) & P. Guéeye (FRIB)

- Establish a complete picture of the halo nucleus '°C using a novel technique: the ratio method

Sweeper
Magnet a) b)
: ‘ s NP = — 0.25
19 18 % \ - vy oo S —— Sp = 0.58 MeV
S st S ~e- 84 =016 MeV
=== Elastc (aoy) 02}
C—BC+n 29\ tE
d B 49 - Sy =049 MeV
( d—so.-z) 19 c L8 & o —— Simul. §
=
Jdave g { "\ 3
(dO') 10" " .l:'::,.: ..... |
dQ ISC 10 W ; -
0k i TR

0 5 10 15

/
|
/S S 2 - - —
»
CAESER BlueSteAl
(S. Ota, G. Christian et al., NIMA (2023) 02 4 6 8 10 12 1 16 18 2 5
o
0 (deg)

@ Facility for Rare Isotope Beams
&d U.S. Department of Energy Office of Science | Michigan State University
LEEPP2026, 23-27 March 2026, Slide 16

FRIB ?ri? leljt:fhaw Lane * East Lansing, Ml 48824, USA

20



Western Michigan University [1]

DoE Proposal (submitted Fall 2025; waiting for review)
- WMU: Asghar Kayani, Zbigniew Chajecki; MSU: Paul Guéye; 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

« 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 Leybold™
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Western Michigan University [2]

Collaboration with San Jose University (N. Esker, V. Zakusilova [FRIB])

Possibility to use create radioactive targets
« Already produced

Production Method Targets Produced
Physical Vapor Deposition  208Pb, 209Bi, 197Au, 238UF,
Molecular Plating "Nd(NO)3
Electrochemical Deposition 80 as TayOs layer on Ta
Cold Rolling 50Tj, %4Fe, matCy, 197Au
Solvent Casting CHs, CDs

- In progress (Lanthanide/Actinide region) — in discussion with JLab target group

> 140Nd, 139Nd™, 168Tm, and 'Tm
> Production (average): 10-100 mCi/week
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Electron/Positron (elastic) scattering:
from Form Factors to Charge Distributions

J.B. Bgllicard et al., Phys. Rev. Lett. 19, 527 (1967)
10~

Technique assumes spherical nuclei

spherical __ deformed __ _spherical
pmatter - pp + Pn pmatter — FMmatter (1 + 5)
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o(r) = 5 / T P@ilar)etda |,
- { Y, ajo(F=) for < Rew Should use both techniques in analysis!
P (r) =
0 for 7> Reu Check for energy dependence
D. Verney, History of the concept of nuclear shape, EPJA, 61:82 (2025) Compare: e_A, e+A, e__>A, ?A (Sp|n 0& non‘O)
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Thank you!
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