
Figure 1. Electron “double star”. A schematic set-up for a 

Hanbury-Brown Twiss correlation experiment for 

femtosecond electron pulses emitted from a double field 

emission tip. 
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Towards free electron quantum optics: Coulomb repulsion and quantum degeneracy. 
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Hanbury-Brown Twiss anti-correlation has been observed for free electrons in a unique experiment [1]. 

This tour-de-force experiment was done even though, the degeneracy was low (10
-4

) and the anti-

correlation was weak. The experiment was done using a single tip emission source that ran continuously 

and the effect of Coulomb repulsion was not studied. We hope to redo the experiment with a pulsed 

femtosecond electron source [2, 3]. The much higher expected degeneracy should give rise to stronger 

anti-correlation. 

 We also plan to extend the single tip experiment to a double tip. For a single tip and thus an initial 

short distance between the emitted electrons we expect the Coulomb interaction to compete with 

degeneracy [4], while at a larger 

distance (for double tips) we 

expect a pure HBT anti-bunching 

for incoherent sources.  It is 

exciting to investigate the 

technological and scientific 

boundaries of full coherent control 

for multi-particle electron pulses. 

A brief summary of the coherent 

control for the KD-effect, double 

slits, electron nano–gratings, 

electron interferometry,  and 

femtosecond electron nanotips, 

illustrating single particle electron 

matter optics, will be given. A 

first step into the direction of free 

multi particle coherent pulses is 

the two  particle HBT-effect.  Just 

as  the HBT-effect  has been used for “femtoscopy” to look into the femtometer scale for high-energy 

collisions [5], using the HBT-effect for pulsed electrons may provide another route to look into nanometer 

scale surface phenomena. The combination of such an approach with the ultrafast time scales available 

with modern light sources makes this an exciting prospect. Understanding the “surface” in the limited 

view of the photo-emitted electrons may be helpful in the design of multi-tip coherent and degenerate 

electron emitters.  What ultimately wins out for ever-shorter multi electron pulses, that is, degeneracy or 

Coulomb interaction, is perhaps interesting on a fundamental level in view of the scaling with particle 

number, and relevant to proposed techniques for electron pulse compression [6] as applied to multi-

electron pulses. 
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