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C(A7 B) = ZO‘BPQ,B
af
P, — probability of obtaining o and /3 as a result of measurement of
observables A and B, respectively
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Correlation function

C(A,B) =) aBPqag
a

P, — probability of obtaining o and 3 as a result of measurement of
observables A and B, respectively

Observables A and B — spin projections on given directions, measured by
two distant observers

C(Eb)=Py+P _—P —Py
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Experiments with massive particles

@ 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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Example: fermions in singlet state

= a @ spin %
ki A :
@ ki, ko — particles four-momenta
“ ° reIat|V|s.t|c correction to the
o correlation function dependent on
Ez b particles momenta

singlet — Ay ko

—

C(a,b) =—-a-b +

Fixke |- g (@k1)(bxka) — (b-Fa) (@ x k)
————— @ x b+ 5 5 :
m? + kiko (kY + m)(k§ 4+ m)

e
relativistic correction
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Mgller scattering

100% polarized T e e' 4 partly polarized

P, Oy P

in X out

unpolarized e_/\\ e 4 partly polarized

statistical mixture of singlet and triplet state
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Mgller scattering

100% polarized T e e' 4 partly polarized

P, Oy P

in X out

unpolarized e_/\\ e 4 partly polarized

statistical mixture of singlet and triplet state

pi = Tl"jpouta ihj=1,2
ﬁi:Tr(p,"O'), 0':(0-170-270-3)
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Mgller scattering (100 keV)
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Mgller scattering

Correlation function C
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polarized beam,
unpolarized
target

i bin Mgller
scattering plane

symmetric
scattering

C does not
depend on beam
polarization, but
P:tj: do

. Caban, J. Rembielinski and M. Wiodarczyk, Phys. Rev. A 88, 032116 (2013)
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e 2 /3 MeV
polarized beam

Mgller scattering
off atomic
electrons in

100 pm Be target

2 Mott
polarimeters:

10 um Au target,
120 + 4 deg

detectors:
scintillator +
PMT

=2 = (PN G4
September 23, 2019 9 /16




Test setup



Test setup
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CH1  backscattered electrons  signal - background
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@ we observe Mgller electrons backscattered off the Au target
© we measure the asymmetry arising due to beam polarization

© the principle of operation has been confirmed,

first measurement of the correlation function in 2020

«O>» «F>r «=r «=>» = A



Summary

© we observe Mgller electrons backscattered off the Au target

@ we measure the asymmetry arising due to beam polarization

© the principle of operation has been confirmed,
first measurement of the correlation function in 2020

This work was supported from the funds of the National Science Centre as a part of the research project 2017/25/N/ST2/00619.
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