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Synopsis Double-slit experiments illustrate proof for wave—particle complementarity. The essence of Einstein—
Bohr’s debate about wave—particle duality was whether the momentum transfer between a particle and a recoil-
ing slit could mark the path, thus destroying the interference. We realized this recoiling double-slit gedanken ex-
periment by resonant X-ray photoemission from molecular oxygen for geometries near equilibrium (coupled
slits) and in a dissociative state far away from equilibrium (decoupled slits). Interference is observed in the for-
mer case, while the electron momentum transfer quenches the interference in the latter case.

Einstein—Bohr recoiling double-slit gedanken and ‘right’ dissociating oxygen ions.
experiment [1,2] reveals one of the most im- __ Experiment Theory

o* molecular

@&B O o |

V)

pressive deviations from classical concepts. In a
double-slit experiment one can infer that
achieving information about the particle path
via momentum transfer erases the interference
pattern characteristic of the wave behavior [3].
However, when using macroscopic slits, mo-
mentum transfer from the particle to the slit is
too small to be measured. For this reason, co-
herence and decoherence in double slit experi-
ments have also been studied using ultra-light
atomic slits.

Our experiment, based on resonant X-ray
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ionization of the O, molecule (Fig. 1) using O o T e e s ae s e a0

synchrotron radiation and a state-of-the-art co- Figure 1. By both experiment and theory, the inter-

incidence set-up, offers the possibility to distin- ference patterns show up when O, molecular geome-

guish the momenta imparted to each of the two try near equilibrium (upper part), while they disap-

slits materialized by identical atomic sites: dur- pear when O, dissociate far away from equilibri-

ing the X-ray-induced ultrafast dissociation, the um(lower part).

symmetry is broken owing to a site-dependent ) ) )

momentum exchange between the ejected elec- We thus provide a consistent experimental proof

tron and the dissociating molecule. and corresponding theoretical support showing a
We demonstrate the occurrence of symmetry Doppler marker eliminates the interference pattern,

breaking in the dissociating O,* cation by a di- in full agreement with Bohr’s complementary prin-

rect measurement of the momenta of co- and ciple [4].

counter-propagating O+ ions with respect to the
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