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Motivation

1935 paradox EPR Einstein, Podolsky, Rosen

1950 Bohm's idea of spin correlations

1963 Bell's inequalities

1969 CHSH inequality Clauser, Horne, Shimony, Holt

1982-> violation established (pairs of photons)
Aspect et al. (numerous subsequent expts)

violation established for non-relativistic proton pairs
(massive fermions)

2000-ties theory startup on

new physics topics



Physics issues

Spin

Localisation

Non-locality vs. Lorentz symmetry
Beyond the Einstein's relativity

M. Czachor Phys.Rev. A 55 (1997) 72

J. Rembielinski Phys. Rev. A 66 (2002) 052114

+ co-workers Phys. Rev. A 68 (2003) 042107

For various Phys. Rev. A 72 (2005, ,12103 .

bipartite Phys. Rev. A 7+ (¢006) 042103 fer'mlons, bosons
pure Phys F.2v. A 77 (2008) 012103

states 'hys. Rev. A 79 (2009) 014102 smglet' .h"ple?



Aim of the project

- relativistic
(semi-polarised) ee- > e-e- ‘o
- spin projections e-,e-

at chosen directions:
+ Oor - .

* measure

c=P,+P_ -P, -P,:
-+ Testing
(not a Bell test)



Predictions

* For C and probabilities P

* Obtained by us using the Newton-Wigner
spin operator ('best choice") - S

C(4.0) =Tr[p(aS ®bS)]

p - spin density matrix
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relativistic correction

Relativistic term depends on outgoing momenta



Correlation function
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(1) Maller scattering
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Double Mott polarimetry

Mott: éLIZl BLIZZ

Need a
dedicated

(4 counters)

, R{R, , LiR, , RyL, 4 numbers
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(3) Deriving results

L1L2 ' RIRZ ’ LIRZ ’ RILZ -
--> 4 probabilities
D critically depends on S,(6) (given target)

scarce available data on S, :¢(O)

dedicated measurement of Sherman function at E=1.5 MeV

simulations (in progress)



(4) The double polarimeter

Angular acceptances:

(71 Moller - Mgller # 3 -104%sr 3 MeV

B — ] Mott =7 -103sr 1.5 MeV
&= ' Omort ¥ 110°
Mot+ A No tracking

Moller target = 25 ym Be
2 Mott targets ® 10 ym Au
Precise mechanical symmetry

Prototype under
construction:




(5) Detector simulations

energy deposit sum in all counters mott theta, moller moller events
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Background reduction owing to coincidences and energy cuts



(6) Beam

S-DALINAC

« Institut fuer Kernphysik
Technische Universitaet
Darmstadt
* 3 MeV extraction
(pre-accelerating stage)

L&T
« beam = (20 pA)
« 102 +~ 103 events/day
 polarised e- source under
construction




Summary

* First attempt ever to measure relativistic
quantum spin correlations (Mgller pairs)

* Predictions different than for photons !l

* Prototype of a dedicated double Mott
polarimeter under construction

* Lab tests using a p-source under way

* Future: 3 MeV 0.35-0.85 % L, T polarised e-
beam at S-DALINAC (Darmstadt)

+ Prototype operation by 2017 (proof)



Backup



A glance at the spin in rQM

In unitary, non-reducible representation of the

Poincaré group the square of the spin is defined:

W”\N |k, A) =—m*s(s+1) |k, A)

where Wﬂ IS the Pauli-Lubanski vector.
There exists no covariant position operator in rQM, Q,
needed to define the spin operator according to
decomposition: A A A

—-QxP

where j Is the total angular momentum (generator of
rotations)



Many position operators proposed, none fulfills all the
requirements:

Hermiticity
Commuting components
Canonical commutation relations with momentum operators

Covariance w.r.t. rotations and Lorentz boosts

S

Covariant eigenvectors

The best choice: Newton-Wigner position operator

for which one obtains the following spin operator:
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1. Linear function of components of the Pauli-Lubanski four-
vector

2. Components fulfill standard commutation relations for spin
operators

3. Reduces to the Pauli-Lubanski four-vector in the rest frame

4. However not Lorentz covariant
o aw
MC — ——
\/ m* + (aP)*

Used by M. Czachor: S



