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Experimental situation

Scattering of spin-polarized electrons from target nucleus

ScaHer'mj PLQne

£
target

D,

Mott sc afferir\g

Asymmetry from relative counting-rate difference:

A=1p-S p = degree of beam polarization
S from theory — p from experiment



1. Leading-order theory: Potential scattering

Transition amplitude = (W¢|V7|1;)

Relativistic prescription of impinging electron:
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bi(r) ~ uge™ Uy~ < kic >Xi

E,-+mc2
1 0 O o
Xi = 3172 0 +a 12 1 describes initial-state polarization ¢;

Scattering amplitude for polarized electrons Ag = Xf[ fX,-

Scattering operator for potential scattering from spin-zero nuclei:

N

f(ki,0) =A + Bn-o normal n 17 k; x k¢

o induces spin-flip



Scattering cross section for normal spin polarization ({; 1T n)
and unpolarized scattered electrons:
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(relativistic effect)

General case:
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Mott polarimetry: replace 1 / | by right/left detector



Sherman function for alkali atoms
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2. Recoil corrections to potential scattering

Recoil energy of nucleus:  Eg =~ 5y;, M = target mass number

Final electron energy: Efr =E — Er

Reduced collision energy: E; =EEf

Modified cross section from phase-shift theory:
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3. Two-photon corrections to potential scattering

(a) First-order Born approximation for QED

Leading-order process: |- ————— I

plus two-photon processes:

vacuum polarization
vertex correction

self energy

bremsstrahlung
(w < detector resolution)

]



Scattering amplitude

1 _ Born vac Vs
A = Af i+ Af

Differential cross section
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Following Tsai, Maximon/Tjon, Bucoveanu/Spiesberger:
\;iac — MvaC( )Alggorn

g = 4-momentum transfer:

q° = (Er — E)?/c?

B = MiP(q) AR+ NiP(q) (uf, 70 aq ug)
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Differential scattering cross section:
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Spin asymmetry: SBomn — g — s =



(b) Second-order Born approximation | =====|

e N
(i) Second-order elastic scattering (nucleus in ground state)
(ii) Dispersion (nucleus transiently excited)

Virtual nuclear excitation
to state L™ , energy w;

Dispersion amplitude (Friar, Rosen 1972)
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Photon momenta q,=ki—p, g, =p— k¢



Dispersive cross section
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Strong nuclear excitations of low multipolarity (2°6Pb):
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(c) Nonperturbative treatment of the QED effects

Representation of the QED effects in terms of potentials
(instead of transition amplitudes)

Vacuum polarization: Uehling, Klarsfeld, Soff

2 e(r')
Ue(r) = “3c dr’ ] x(2¢c|r —r'|)

NI

V() = /loodte”(u Lya- b

t 212 t2
Born amplitude for scattering from Uehling potential U,

VEE -
Age—Borm — > ’c2f /dr uf Ue(r) €'9" uy,
71_

2 h i I
= ?ﬂrcq2/0 rer(2CI‘)J0(|q‘r),A];’;o _ Ay



Vertex and self-energy correction:

Potential = Born amplitude
revert: <—

Define vs-potential V.4 by identifying
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By Fourier back transformation:
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Extended phase-shift analysis:

Solve Dirac equation
[—icaV +yomc? + V7 (r) + Ue(r) + Vas(r)] ¥(r) = E 3(r)
Partial-wave expansion

2041, 1 s gi(r) Yim(P
Wilr) = Z Z\/j(lozmsljm)//e(s(ie‘:’égr; ijﬂf(ﬁ))

mS::t% Jl!
d; = phase shift

Scattering operator f=AY + BY no

AV = —

2|;<.| >[04+ 1) = 1) 4 12— 1)] Pi(cos)
=0

R , ,
BY = ok Z <e2’5*’*1 — e2’5’> P,l(cose)
=



doV

- A2 +BY]2, V= Vi Ue+ Vs

Scattering cross section with QED effects and dispersion
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Modification of the cross section by radiative effects:
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Differential cross section (fmzlsr)

Cross section change

4. Results for e+2C and e+2%8Pb collisions

Angular distribution of the differential cross section (wp = 1 MeV)
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Cross section change

Energy distribution of cross section change

(Bremsstrahlung cut-off frequency wg = 1 MeV)
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- Scoul

Sherman function
o d0/d9(1) — do™/da(l)
8T dotot /dQ(T) + dotot /dQ(])

Modification of S by QED effects and dispersion
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Asymmetry change dS

Asymmetry change dS

Angular dependence of the spin-asymmetry change
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Asymmetry change dS

Energy dependence of spin-asymmetry change at backward angles
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Summary

Nonperturbative treatment of vacuum polarization, vertex
+ self-energy correction: vital for AS
For Ac: Important for heavy targets in backward hemisphere

Dispersion: unimportant for Ao (below 150 MeV)

AS: Important for E; above 30 MeV, particularly for *>C, much
smaller for 298P
very large at forward angles

Accuracy estimate for 5 MeV e+12C, 197 Au, 298Pb:

| 12C, 170° | 197Au, 173° | 208Pb, 173°

ASyac 3.65e-3 3.5%e-3 3.87e-3
AS,s -1.18e-2 -1.08e-2 -1.20e-2
ASqep | -8.18e-3 -7.28e-3 -8.20e-3
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