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Overview

Brief history of the double-slit experiment

The polarised vacuum and elastic, real, photon-photon scattering

A matterless double-slit scenario

Single-slit diffraction
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Double-slit effect first noted by Thomas Young
(1804)

First “fundamental” massive particles (1961)

Voted the “most beautiful experiment” by
readers of Physics’ World (2002)

Recently performed with C60 fullerenes and
biological molecules (1999, 2003)
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The polarised vacuum (1/2)

∆E∆t ≥ ~

2 Virtual particles of the vacuum

ω, ε ω, ε
EM coupling to photons α

ω, ε ω′, ε′
External field coupling e.g. Zα

≡ + + . . . +

2n

Zα (Zα)2 (Zα)2n

Non-linear (and non-
perturbative) coupling between
free photons in an external field
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4α2
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2)~B − 7(~E · ~B)~E ]

Polarised vacuum as a Kerr-like medium
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Strong laser: 25 PW(av.), 30 fs, 800 nm, diffraction-limited

Probe laser: 10 TW, 100 fs, 527 nm, focused to 290 µm

Gaussian-beam, first-order in space

Monochromatic wave

Vacuum pressure . 10−6 torr at room temperature

Relatively insensitive to alignment angle
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Matterless double-slit

Total intensity = 〈|~Eprobe + ~Evac|
2〉 = Iprobe + Iprobe-vac + Ivac

Solid-state picture (n + 1/2)λ = D sin θ

Integrate signal defined by Ivac > 100(Iprobe + Iprobe-vac)

〈Is〉 = 2.5 × 1024 Wcm
−2, 〈Ip〉 = 7.7 × 1015 Wcm

−2, ∼ 4 diffracted
photons per shot
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Matterless single-slit

Wider single-slit pattern at distance of 5 m decays with a width of
> 0.5 m.
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Wider single-slit pattern at distance of 5 m decays with a width of
> 0.5 m.

〈Is〉 = 2.5 × 1024 Wcm
−2, 〈Ip〉 = 7.7 × 1015 Wcm

−2, ∼ 40 diffracted
photons per shot
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Photon-photon scattering
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Such effects in principle observable with next generation of lasers and
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B. King, A. Di Piazza, C. H. Keitel

Nature Photonics 4, 92–94 (2010)
Phys. Rev. A 82, 032114 (2010)

Thank you for your attention
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