Light Cone 2021

Tigu Hland, Keea

Frame dependence of
relativistic charge distributions

Based on [C.L., PRL125 (2020) 232002]

Cédric Lorcé  “:CPHT::

November 29, Jeju Island, South Korea



1. Elastic scattering
2. Charge distributions in BF and IMF

3. Phase-space and EF charge distribution



Spatial structure through elastic scattering

Example: X-ray diffraction
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Nuclear elastic scattering

Crystals, atoms d~10""m = hw=a10%eV =) X-rays

High-energy

. — 10—15 ~ 109
Nuclei, nucleons d~10""m = hw=~107eV ==  electron beams

A Large recoil for light nuclei!

Relativistic treatment . | _
in Born approximation
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Nucleon form factors

Proton Neutron
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[Alexandrou et al,, PRD100 (2019) 014509]



Vector current matrix elements

" o', s'|J(0)|p, s) = a(p’, s")T"(P, A)u(p, s)
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F1(0) = qn, F(0) = kN
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Sachs form factors

[Foldy, PR87 (1952) 688]
[Ernst, Sachs, Wali, PR119 (1960) 1105]
[Sachs, PR126 (1962) 2256]



Non-relativistic interpretation

d3P dBA ] =/ -4 - A — ff+§?' — e — — ~
=/ 2\ iP(3'—&) ,—iA-(T—*5=) P A P_ A
@ 1o()18) = [ s G T e P+ 3100 - §)

—,

Galilean symmetry (5 + 2(p(0)|P — 5) = (5[p(0)| - 2)

(&'|p(7)|7) = 6" — &) p(7 — &)

= (o) = Gl = [ S @) e



Relativistic interpretation (Sachs approach)
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Relativistic interpretation (Sachs approach)
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Same structure as in non-relativistic case!

QZ‘BF = A?

3D charge distribution PE e — recoil

BF(,F)_/ d&*A  x-Ge(Q?) Relativistic
(277)3 \/m corrections?

PPl =MyV1+7 responsible for the Darwin term
in the non-relativistic expansion
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Breit frame distributions
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Relativistic interpretation (Soper approach)

Infinite-momentum frame
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2D charge distribution
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Galilean symmetry under finite boosts!
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No recoil correction!
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Relativistic interpretation (Soper approach)
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b, [fm] by [fm]

Negative
core!l?!

-15

-1.5-1-0.50 05 1 1.5 -1.5-1-050 05 1 1.5 by Lim]

b, [fm] b, [fm]

1.5 L5
1

0.5 ) Electric

0 dipole
—~0.5 " moment!?!
-1

-1.5

by Lfm] by L[fm]

—-1.5-1-050 05 1 1.5 -1.5-1-0.50 0.5 1 1.5

[Miller, PRL99 (2007) 11200]
[Carlson, Vanderhaeghen, PRL100 (2008) 032004 ]



Infinite-momentum frame artifacts
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Infinite-momentum frame artifacts

A Relativistic boosts do not commute! (K, K7 = —ie"* J*
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NEW: phase-space perspective

Phase-space (aka Wigner) distribution
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Quasi-probabilistic interpretation
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[C.L., EPIC78 (2018) 9, 785]
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System « localized »
in phase space



NEW: elastic frame interpretation
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NEW: elastic frame interpretation
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NEW: elastic frame interpretation
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- Relativistic charge distributions are frame-dependent
« BF is the rest frame of a « localized » system
 EF interpolates between BF and IMF

- Relativistic boosts mix rest-frame charge distribution
with magnetization



