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Polarization transfer in Mgller scattering
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Experimental setup

Maller target

Mgller scattering:

@ 3 MeV polarized beam
from MAMI

o Mgller scattering off
atomic electrons in
100 pm Be target

Polarization measurement:
@ Mott polarimetry
o 10 um Au target
@ scattering angle
120° £ 5°
@ detectors: scintillator +
SiPM
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Geant4 extension

da/dQ Mott do/dQ, P’
ELSEPA |——— scattering«—— Geant4
SSTU | model E, P

scattering amplitudes imported from ELSEPA at initialization
interaction model to replace the default Coulomb scattering model

cross section, momentum and polarization change calculated
for given energy, momentum and polarization

M. Dragowski, Simulation of Polarized Electron Interactions with Matter in the MeV Energy Range, 23rd International Spin
Symposium (2018)
M. Dragowski, M. Adamus, G. Weber, and M. Wtodarczyk, Nucl. Instrum. Methods Phys. Res. B 488, 37 (2021)
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Simulation — comparison with experiment
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Mott polarimeter

polarimeter counter

)
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polarimeter counter
tagging counter

/ Maller scattering chamber
/ Meller target
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Experimental setup
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Mgller electrons — background subtraction

Energy [MeV] Energy [MeV]
«100 05 1 15 2 25 3 35 4 45 @0 05 1 15 2 25 3 35 4 45
i) e L I L B L L L B L L R B | 12 “‘H‘“““““‘H‘\H‘HH‘\\\\‘\\\\‘\\\\‘
g C A 5 [ i
I (@) g (b)
S 2.5 oL
3 [ |5 é N N background fit
§ 2:7 2 8o H 7 — - Moller peak fit
Ll o —  beam peak fit
r s || I — fit sum
15 | & SR
. L \ [/
L - L b ‘I
r 1 40 | 1 ﬂ/ \
1- = 1
L [ - -‘)/
i 1 C Y \
05~ L 20~ | "
r 1 r 8 5
[ /S \
o I T i R O R R R ol e YN L TR
0 0.02 0.04 0.06 0.08 0.1 0.12 0 0.02 0.04 006 008 0.1 0.12
Signal amplitude [V] Signal amplitude [V]
raw coincidence data background subtraction

Michat Dragowski Polarization Transfer in Mgller Scattering October 20, 2021 12 /18



Mgller electrons — energy selection
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Mgller electrons — timing selection
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Polarization transfer results
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@ correlation function:
C@EDB)=Py+P _—P_ —P
electrons

spin projections on given directions (3 and B) measured for both
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Spin correlation experiments with massive particles

@ correlation function:
C(3b)=Pyy+P_ _—P_—P_,

spin projections on given directions (3 and E) measured for both
electrons

@ experiments with protons:
Lamehi, Rachti, Mittig 1976 Saclay (France)
Hamieh et al. 2004 KVI (Holland)
Sakai et al. 2006 RIKEN (Japan)

@ measurement of correlation function and violation of Bell inequalities
for massive non—relativistic particles

@ non-relativistic quantum mechanics only (too low energies)
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Spin correlations in Mgller scattering

@ polarized beam,

© 0.09- unpolarized
2 0.08 target
e i - . ' .
g 0.07E @ 3i bin Mgller
£ 0% scattering plane
S 0.05F gp
< 0.045 @ symmetric
§ 0.03- scattering
%‘%ii e C does not
ob depend on beam
0 5 015 20 polarization, but
Beam kinetic energy T [MeV] Py do

P. Caban, J. Rembielifiski and M. Witodarczyk, Phys. Rev. A 88, 032116 (2013)
M. Dragowski, Study of quantum spin correlations of relativistic electrons, 2019 Workshop on Polarized Sources, Targets, and
Polarimetry
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Summary

© Successful elimination of false coincidences with energy and timing
selection.

@ Polarization of Mgller electrons in agreement with the theoretical
predictions.

Requirements for a correlation experiment:

© Achieving sufficient statistical accuracy:
not possible with a basic Mott-polarimeter layout,
signal to background ratio can be improved with veto and/or tracking.
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