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Unruh, Cherenkov and Hawking radiation from a negative 
frequency perspective and propagation backward in time 

 
 

A ground-state atom uniformly accelerated through the Minkowski vacuum can 
become excited by emitting an Unruh-Minkowski photon. From the perspective of an 
accelerated atom, the sign of the frequency of the Unruh-Minkowski photons can be 
positive or negative depending on the acceleration direction and the accelerated atom 
becomes excited by emitting a negative frequency photon, and decays by emitting a 
positive frequency photon. This process yields generation of entangled photon pairs in 
a squeezed state which mimics entanglement of the Minkowski vacuum. Similar effects 
take place for the Cherenkov and Hawking radiation. I will demonstrate that Hawking 
radiation appears only if the field disappears from the spacetime through the central 
singularity (this leads to black hole information paradox). Otherwise, black hole center 
acts as a time mirror that reflects infalling light and matter outside of the black hole 
which can be used to construct a time machine that allows us to send a signal into the 
past. I will also discuss radiation of atoms freely falling into a black hole through a 
Boulware vacuum, which is analogous to atom excitation by a uniformly accelerated 
mirror. Such radiation looks to a distant observer much like (but is different from) 
Hawking radiation. 
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