Perceived Negative Energy Density Hawking Radiation
Near Black Holes: A Tensorial Derivation

Kapadia, Brij (School: Columbia Grammar and Preparatory School)

Reconciling general relativity and quantum field theory remains a central challenge in physics. Hawking radiation, a quantum
effect where black holes emit radiation, provides a natural testing ground for this problem. While Hawking radiation has been
widely studied, the impact of an accelerating observer on the perception of radiation is unknown, despite prior research
suggesting it is an important variable to consider. To address this gap, | studied the Perceived Renormalized Stress-Energy
Tensor (PeRSET), which incorporates the effects of acceleration when calculating the energy density and flux of Hawking
radiation. Previous work computed the PeRSET only for simple black hole models. Therefore, | applied the PeRSET to more
realistic models, including a charged, rotating, charged/cosmological, and non-singular black hole as well as a wormhole,
modeling each black hole as forming from gravitational collapse. | discovered that sufficiently large acceleration leads to
negative energy densities. This phenomenon occurs as there are two sources of radiation: radiation emitted from the black hole
and radiation caused by acceleration. When the latter radiation dominates, they perceive negative energy densities. | also
analyzed the divergent behavior of energy density and flux, finding that both quantities diverge to negative infinity inside a
charged, rotating, and charged/cosmological black hole. By separating radiation into two sources, | clarified the origins of
negative energy densities, demonstrating the impact of including acceleration. These findings constrain future theories and

suggest that they should also incorporate the acceleration of an observer when studying quantum effects in curved spacetime.
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