
Consider a field 𝜙 is in the presence of the near-extremal black hole in the quantum regime 
E, T \sim E_b. It can be absorbed or emitted by the black hole. If the field's characteristic 
frequency is much larger than E_b then its absorption will drive the black hole into a 
semiclassical regime of E, T >> E_b (obviously it can't be emitted). But at frequencies 
comparable to E, T (which are relevant for Hawking emission) then it'll interact with the 
black hole affecting its quantum levels: the radiation will affect the quantum state of the 
black hole, ie there will be a non-negligible backreaction. This is not accounted for in the 
conventional framework of QFT in curved spacetime.

Schematically, the picture we will develop is the following. We consider quantum near 
extremality with T, E \sim E_b. Then we can split the system into two regions: far and near.

Far region: propagation of low-frequency radiation is largely classical, without significant 
quantum fluctuations. We'll solve the classical wave equation (mostly massless Klein-
Gordon)

Near-region: for energies  E, \omega >> E_b the field propagates classically in a classical 
black hole throat geometry -- the AdS2 x S^2 geometries we have considered before. At the 
mouth of the AdS2 throat, this field can be matched to the far field solution by a standard 
procedure known as the method of matched asymptotics, yielding a field configuration 
valid over all the spacetime. In the AdS2 region, the two independent solutions of the field 
can be separated into a component that grows towards the mouth (the AdS2 boundary), 
and another that decreases:

The exponent of these two solutions is determined by field properties (eg mass and spin) 
and is characterized by the "conformal dimension" \Delta. These two components are what 
the far field "sees" of all of the field in the throat. That is, the field in the throat can be 
replaced by a "conformal primary" that lives at the AdS2 boundary, and has a given 
dimension \Delta. The growing solution is "non-normalizable", meaning that it is not 
dynamical, but rather acts as a source that excites a response, which corresponds to the 
non-growing "normalizable" component of the field. You can think of it in terms of linear 
response theory: a distant source is acting on the system, and the system responds by, eg, 
becoming excited.

In the quantum regime with E, \omega \sim E_b we do not talk anymore about the classical 
throat geometry of the black hole. Instead, the black hole is characterized by an energy 
eigenstate |E > of the Schwarzian theory (or an ensemble of such states at finite 
temperature). But the picture of "source and response" still applies -- only that their 
relation is now governed not by the classical propagation in the throat, but by the quantum 
theory.

Interaction with radiation fields
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That is, the radiation field propagates classically in the far zone, and in the mouth region it 
interacts with the Schwarzian theory, acting as a source that will excite a response. Linear 
response theory extracts the information from the two-time correlation function (retarded 
Green's function) 

This measures the probability amplitude that a perturbation induced at time t=0 generates 
a response at a later time t. For conformal primaries of dimension \Delta coupled to JT 
gravity, these 2-pt correlation functions have been computed explicitly, including when JT 
gravity is a quantum theory. Then, by using the fully-quantum two-point correlation 
functions instead of the classical ones, we solve the problem of the interaction of the field 
with the quantum black hole.
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Radiation emission and absorption
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Scalar field absorption in RN black hole
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Scalar field absorption in RN black hole - more details
domingo, 29 de marzo de 2026 20:06
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Full quantum calculation
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no radiation with ω ൐ 𝐸

The reduced emission rate is naturally expected: there are fewer black states 
when E < E_b, and therefore fewer states that can emit radiation.

Ensemble equivalence breaks down because fluctuations are large. If we fix the 
temperature T, then there are large variations in the energy of the states in the 
ensemble, and viceversa.

Indeed, if the black hole starts in say, the canonical ensemble, then evaporation 
will drive the ensemble of states away from the thermal one. Anna Biggs has 
found that the evolution leads to a new kind of ensemble. 

This result now resolves the old puzzle about the semiclassical emission near 
extremality 

Quantum gravity modifications to Hawking radiation

Inserting the quantum form of 𝑃௔௕௦ሺωሻ we can recompute the power 
spectrum of the emitted radiation

Quantum black hole radiation emission and absorption
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The good news is that now we have the quantum gravity tools to redo 
the calculations -- we don't need UV quantum gravity, but only to apply 
old tools in a careful manner

Quantum cross section of near-extremal black holes

This provides an in-principle manner of observing the effects of large quantum 
fluctuations of the geometry.

The semiclassical absorption cross-section for a scalar at low frequencies is 

σ௔௕௦ ൌ 𝐴ு

We could take the cross section as an observational method for determining the 
number of black hole states

ρሺ𝐸ሻ ∼ exp ቀ
஢ೌ್ೞ
ସீℏ
⎯⎯⎯ቁ             ( semiclassical)

ie we can expect that σ௔௕௦ will directly measure the number of absorbing states.

Then, since quantum corrections reduce the density of states, we might expect 
that they should reduce σ௔௕௦. However, this is not what the calculation shows: 
quantum effects make σ௔௕௦ larger. A quantum near-extremal black hole looks 
LARGER (to low frequency radiation) the closer it is to extremality.
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The explanation is that absorption depends on two factors: the density of 
absorbing states, and the probability that these states make transitions between 
them. Quantum effects make the former smaller, but the latter larger, and when 
factored together, the enhanced transition rates turn out to outweigh the 
reduction in the number of absorbing states.
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