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Lorentz invariance and atomic collapse
simulated with nanotube-graphene

devices

Atoms are stable because quantum zero point motion
prevents electrons from falling toward the nucleus. For
heavy nuclei though, it has been predicted that there exist
a maximum size (Z>137), beyond which Coulomb
attraction leads to the collapse of electrons onto the
nucleus, resulting in the emission of positrons. The nature
of this effect is relativistic: as electrons approach the
nucleus, their velocity saturates close to the speed of light
and their kinetic energy is surpassed by Coulomb
attraction. This phenomenon has not been seen
experimentally due to the difficulty of producing heavy
atoms.

In graphene, electrons behave as massless relativistic
fermions propagating with a velocity that is 300 times
smaller than the speed of light. This makes graphene a
powerful platform to explore relativistic quantum
mechanics. In our experiment, we realize devices with
closely spaced carbon nanotube and graphene, in which
a nanotube plays the role of an artificial and tunable
nucleus. We first measure the response of graphene
electrons to perpendicular electric and magnetic fields
illustrating the invariance of Dirac equation under a
Lorentz transformation. Then, charging gradually the
nanotube, we reach the regime, in which graphene
experiences atomic collapse. Our experiment vyield
exciting perspectives to simulate more complex
relativistic phenomena in nanotube-graphene devices
including gravitational physics.
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