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Introducing the Electromagnetic Field Frontier:
PetaVolts per meter plasmonics and beyond

Electromagnetic field frontier which explores surpassing the existing limits of accessible EM fields is intro-
duced. This frontier has invariably advanced fundamental sciences as well as technological capabilities. While
at the turn of 20th century, opening of O(105)V/m fields helped uncover the atomic structure and quantumme-
chanics, it was not until mid-20th century that O(107)V/m radio-frequency fields were tamed to build colliders
which eventually helped establish the Standard Model. Accordingly, my work pioneers opening the “EM field
frontier”towards O(1015)V/m or PV/m fields using a new class of plasmons excited in nanomaterials [1,2,3].
PV/m fields will uncover new physics beyond colliders, such as “opening the vacuum”for first direct obser-
vation of virtual particles tunneling directly off from vacuum. Even a few electrons at O(PeV) energies, can
help probe the “spacetime fabric”using tests of the quantum gravity models. With further development, PV/m
plasmonic accelerators would make it possible to realize R. Hofstadter’s vision of a university-level collider,
also offering an upgrade path for the ongoing O(1011)V/m gaseous plasma efforts.
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