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1. Definition of the spin asymmetry

Polarized positron beam
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2. Motivation for positron scattering

Low energy (< 1 MeV): beam undisturbed by shell electrons

High energy (> 50 MeV): diffraction effects = ground-state
charge distribution
(deformed nuclei, proton skin, particle emission threshold)

Spin asymmetry: additional sensitivity to phase differences
= better probe of nuclear models
— effects of two-photon exchange mechanisms

Positrons versus electrons: quantum interference studies between
such mechanisms



Sherman function

3. Results for 12C and 2%8Pb (between 1 — 150 MeV)

E > 1 MeV, Z7 small: S ~ Z7 (relativistic effect)
S(et)~ —S(e7)

Zr large:  mostly |S(e™)| < [S(e7)|

Angular distribution:

0.04 ; ; 0.16
-S(e-)
0.03 e++12C 10] 0.14 e+ + 208Pb
0.02 | 1 Mev o 012
-
001 3 0.1
2 008
° : g 006
£ :
-0.01 1 5 oo
0.02 0 | B
-0.03 | 4 o[-
0.04 ‘ ‘ ‘ ‘ 0.02 ‘ ‘ ‘ ‘
80 100 120 140 160 180 80 100 120 140 160 180

Scattering angle (deg) Scattering angle (deg)



Sherman function

Energy distribution at 170°:
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Figure of merit (fm~2/sr)

Figure of merit: 92 . G2
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Example: Energy distribution at 170°
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4. Radiative corrections: (a) QED effects

Vacuum polarization: Uehling potential Viae = Viac(po)
Vertex + self-energy correction: Vs

Nonperturbative approach: solve Dirac equation

[—icaV + V7(r) + Viac(r) + Vis(r)] ¥(r) = E(r)

Construction of Vis:

Relation between potential V1 and the corresponding transition
amplitude in 1.Born
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Inverse Fourier transform

Vi) = oy [ da e A @)/ A
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Vis(r) A (q) = F*(q) AV;(q)

F{* = electric form factor (Tsai 1961)
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F; = charge form factor
Sherman function
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QED modification: dSgep = Sgep — S
Relative QED change: ASqep = dSgep/S



(b) Dispersion: Transient nuclear excitation during scattering
(Born approximation)
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T (¢) = |As(Q)+ AR = S5(6)+2Re {45(0) ARN(O))

Jq ©)
Considered excited states: E, < 30 MeV, L <3
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Relative asymmetry change dS

Results for 2C and 28Pb: Angular distribution at 56 MeV
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Spin asymmetry modification

Spin asymmetry modification: Energy distribution at 170°
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Summary for positrons

Sherman function S:

Increase with Z1

Decrease with E beyond 5 MeV at large angles
Existence of diffraction zeros:

12C. E=96 MeV & R, ~1fm

208ph: E =48 MeV & R, ~ 2 fm (170°)

QED corrections:

Average 3 — 5% beyond 30 MeV; diffraction effects

Dispersion corrections:

Important for 12C, particularly at foremost and backmost angles
(~ 10% beyond 50 MeV)
Very small for 208Pb ( < 1%)
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Backup figures

Sherman function including

QED corrections

Sherman function
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S for electrons, 1 — 150 MeV g—gz x §2 for et, 1 — 50 MeV

Note the scaling factor!

Sherman function
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Spin asymmetry change in FoM maximum

Relative spin asymmetry change ASqrp = (Sqep — S)/S
at the angle where the figure of merit is maximum at the given
collision energy:

Comparison between positrons (e™) and electrons (e™)
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Relative spin symmetry change by QED effects and dispersion
(box) for 56 MeV collision energy

Due to the zero of the positron Sherman function near 100°,
ASqEp is ill defined between 80° — 120°.

For electrons, S is nonzero at all angles at 56 MeV.
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Relative spin asymmetry change

ASqEp for positrons Modification S — Sy, for e~

at angles 30° and 170° Increase ~ sin(#/2) near 0
Note that S = 0 at 96 MeV The result from the 27 excitation
for 170° at 4.439 MeV is shown by the

lower line (increased by the
factor of 100)
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