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la. Definition of spin asymmetries

Elastic scattering of polarized electrons (¢;)
into helicity + eigenstates ({s = +ky):

do 1 /do
(¢ +) = 2 = ..
2@ =5 (G), Brsem
+ LG k) = R(G(nx ki) ()]
n 17 k; x ks normal to scattering plane
|PWBA _ ; 2m?c*sin® 95 /2

— =1ifm=0
E? cos2 95 /2 + m2c2sin® /2 nm

longitudinal spin asymmetry

= Sherman function (perpendicular spin asymmetry)



1b. Motivation:
Parity violation experiments

Scattering potential V(r) = Veou(r) + 75 Vi(r)

(01 . g\ [(f
large component: g ~ x1/2 = (é) even parity
small component: f ~ (k) x12 odd parity (k — —k)

Decomposition into helicity eigenstates: 1 = ¥4 + ¥—
Yr =3 (1Lvs)9
m=0 = 14 eigenstates to V oy = V1
= helicity conservation (L=1):
do 1 /do A
(. =4+ +)=| —= 14+ L(¢ -k
dQ (CI +7 ) 2 (dQ> unpol[ (Cl ’)]

= 0 for spin flip



Parity violating asymmetry

_ do/dQy) — do/dAu)

A= do /a0 measure of V4

Infact m#0 = L <1 no helicity conservation
Sumrule: S2+[24+R?> =1 = S#0

Background asymmetry arises from:
beam admixture § of perpendicularly polarized e™:

do 1 /do
E(‘%ipi) =3 (dQ) ool [1+ 65 (Cp-n)

— Coulomb asymmetry

_ do/dQ(+0) — do/dQ(—9)
B (do/dS2) unpoi

adds to A,

0S




2. Asymmetry in elastic scattering from spin-0 nuclei

Scattering operator for potential scattering

fl:coul(kia'ﬂf) =A+ Bn-o n T k; x k¢

Perpendicularly polarized electrons ({; = £n):

docoul

B docoul
6= (), b S

with
dUcoul) kf 1 2 2 .

=— —||A* + |B recoil prefactor
(%), =% g [AR + 18R] (ecalpefacten

2 Re (AB¥) -

Secoul = —5——5 lates t -fl

coul A7+ (B relates to spin-flip

(purely relativistic effect)
SPWBA — 0 spin asymmetry sensitive to higher-order effects



Sherman function
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3. Asymmetry from excitation of 12C

Excitation cross section of spin-zero nucleus to L™ (wy):
do _ kr AT3EiEf
CTQ(C;) Tk fo 2 ZZ
ofr Mg
Acioul 1 o -1 o
(Gine) = 2 [ ammare 0 (1))

e“/”'< ou(rn) Yim, () )
=i Y Jia(m) Y13 ()
A

2
Acoul mag

X
[re — rn|

For parity m = (—1)L: oL, i1, Jii—1

nuclear transition densities calculated from QRPA, QPM models
(Ponomarev)

For perpendicular beam polarization ({; = £n):

do/dQ(¢;) — do/dQ(—(;)
(da/dQ)unpol

S =



Differential cross section (fmzlsr)

Angular distribution of the electron-impact excitation cross section
and Sherman function S for 12C, L =1, 2:
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Differential cross section (fmzlsr)

Energy distribution of the electron-impact excitation cross section
and Sherman function S for 12C:
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4a. Influence of QED effects in elastic scattering

NN\ vacuum polarization

vertex correction

W\/\4 self energy

bremsstrahlung




Methods of calculation:

ool = Teoul(Veoul + VUehling) phase-shift method
AL, dosofthy/dQ2  in Born (Tsai, Maximon)
hard bremsstrahlung:
Sommerfeld-Maue theory (weak relativistic)
w > wo~1MeV
Wmax = AE detector resolution (4 MeV)

(smaller than 27 -excitation energy)

Elastic scattering with QED effects:

coul

doQED ke 1
€)= L e

af

vaC|2 + 2 Re {fBorn* A;s}

dosoftbr (w< 0)] dohardbr

dT(WO < w < Wpax)



dS(QED)

S = Scoul (1+AS)
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4b. Dispersion in elastic scattering

Box diagram : second Born (Friar, Rosen)

Virtual nuclear excitation
to state L, M

Nuclear transition matrix element Too ~ (Ff Yim)(q2)-(Ff Yim)(q1)

Tom ~ (FE Yim)(@2) - Y (FIS Y13 )m(a1)
A=L+1
Charge form factor Transverse form factor

Fi(q) = /f/%/di or(rnv) ji(arn) FiS(q) = /f/%/df/v Jia(rw) ja(grn)



Trmn ~ Z (FIS YI)m(a2) - Z (Fi5 Y13)n(a1)

A=L%1 N=L+1

Dispersion amplitude

VEEf
Abox — d t T
T2 3 Z/p(q2—|—16q+16 ZM
L

v=0

Electron transition matrix element

(o)t Ep + cap + pmc? (o)
tw = C e, " 707 E2 C2 m2ct 1+ ie YoV Uy,

intermediate electron energy E, ~ E; —w;

Photon momenta qg,=ki—p, g, =p— k¢



Cross section including dispersion

b
doP* docoul

FTS) (¢i) +

T (¢ =

ke 1 * X
7?Z2Re{coul"4?io}
rec

i

Dogninant nuclear excitations of 12C:
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dS(box)

do®>/dQ((;) — do”>/dQ(—¢;)
(do >/ dQ)unpol

Asymmetry change by dispersion
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dS (QED + box)

4c. Combined QED and dispersion effects

dO_QED+b0x kf 1
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Sherman function

Visibility of the QED + box correction

° 30deg_ 0
tot_c
oee S -5e-05
c
-1e-05 - | 8
g  -0.0001
E
-1.5e-05 | =
[
E  -0.00015
-2e-05 - I
; [%)
-2.5e-05 +; coul i -0.0002
-3e-05 L— ‘ : : ‘ 000025 L o
60 80 100 120 140 160 30 40 50 60 70 80 90 100 110 120

Collision energy (MeV) Scattering angle (deg)



4d. Results for the MESA experiments
55 + 155 MeV e+12C

55 MeV /35° | 55 MeV /145° | 155 MeV /35° |

Scoul -2.46e-5 -8.58e-4 -3.13e-6
ASacpol 6.74e-3 7.89e-3 8.18e-3
ASysp 0.124 0.177 0.233
AShardbr -4.52¢-2 -5.99e-2 -5.76e-2
ASpox -0.142 -1.39%¢-2 -0.195
ASQED+box -7.59e-2 8.52e-2 -5.87e-2
Stot -2.27e-5 -0.32e-4 -2.95e-6
Accuracy:

hard bremsstrahlung: wpax = AE = 4 MeV (detector resolution)
| AShardbr| decreases for higher detector resolution

ASpox: numerics < 5%
transient excited states: higher multipoles??



Thank you!

Doris JakubaBa-Amundsen University of Munic Spin asymmetries and their accuracy in elect



Perpendicular spin asymmetry for 12C at 25.9°

Perpendicular spin asymmetry S
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