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“Common sense”, “reality”, or
why it may hard to write about quantum physics
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Thompson model

Rutherford model

Journalist:
“so, Mr. Pauli, what does an electron look like?"

Pauli: “an electron does not look like"
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So, dear Niels, which slit does the particle go through?
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A particle does not pass either through one slit or the other
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The path of a particle is not real.
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But what about that trajectory experiment?

Science and Technology
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double-slit interference + weak measurement of
ensemble momentum at various distances
- reconstructed “ensemble particle trajectories”
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But.

.\;vhat's really happening?

... answering a question with a question
what do you mean by “really’?
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Entanglement and
what people call “non-locality”
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Classical “non-locality” at the airport
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SOMETIMES I'M REALLY THANKFUL
THAT I'M NARRIED 10 A GUILTER.

Eve
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Eve

later at home

No interaction
No “spooky action at a distance”
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But that's just classical correlations
and no entanglement...
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Entanglement - with photons
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The photons are not “both H” or “both V"
Their polarization is undefined
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Two ways to get entangled photons using spontaneous parametric down conversion (SPDC)
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Perfect correlations, for any two identical
measurements




That's what Einstein called
“spooky action at a distance”

... but “really”
it's just updating one's knowledge
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Local realism and Bell's theorem

Science and Technology

Bell - any theory fulfilling both:
- Locality (no communication/actions/influences faster than light)

- Reality (measurement outcomes predefined by “hidden variables”)

fulfils Bell's inequality

Quantum theory violates Bell's Inequality
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Bell's inequality cannot be tested experimentally
— CHSH inequality (1969) & CH inequality (1974)

— experiments violate Bell-type inequalities

1
Lnopkn!es

¥

[_ows

Experimental imperfections require additional assumptions

 finite detection & collection efficiency
— detection loophole

* measurement settings chosen randomly
- locality loophole
- freedom-of-choice loophole
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Closing the locality loophole
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Zeilinger group: M. Giustina et al., Nature 497, 227 (2013)
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Closing the freedom-of-choice loophole
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Even more freedom of choice?
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Base choice of settings on distant quasars
J. Gallicchio, A. S. Friedman & D. I. Kaiser, PRL 112, 110405 (2014)
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If there's a conspiracy,
it's as old as the universe
or really damn clever...
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Is it time...
to go to space?
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Options for Bell-type experiments in space veQ
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Dual-downlink (Space-QUEST proposal - for ISS)

Simultaneous
optical downlink:
1400 km separation.

ISS Requirements:
" Mass: 90 kg

" Power: 250 W

" Volume:1 m3

Enangled photon source

R. Ursin et al., Europhysics News,
26-29, 40-40 (3) (2009)
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Using a motorized

photo-lens-pod (existing)

and a dedicated quantum
Integration time <70 s detector as “camera”.

ISS orbit
400 km A4
g/ ’ /’&“ T. Scheidl, E. Wille, and R. Ursin,

£,

New Journal of Physics, 15, 043008
(2013)

NADIR

Minimal
elevation 51°

Earth

400 m =500 m
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Options for Bell-type experiments in space

Single-uplink (CubeSat)

20x20x40 cm ()
9 cm telescope
PAT control

R. Ursin et al., in preparation

Orbit schematic from QEYSSAt mission overview



Conclusions & outlook VCQ

Microscopic systems do not “look like”
There's no “non-locality”
The air is getting really thin for loopholes & local realism
Space: new opportunities for quantum technology
& for testing quantum physics

Various options for space experiments (dual down link, single up
link, CubeSat, ...)
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