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What happens to an isolated black hole?
Just interested in 
coarse-grained 
description of evolution, 
not subtle effects like 
information being 
preserved

Hawking: QFT in curved spacetime calculation => black holes radiate and thereby 
evaporate
If initial black hole is not too large, this is a good approximation until the black hole has 
Planckian mass
Generic sufficiently large black hole: Hawking style calculation gives wrong answers 
for almost the entire evaporation
By including quantum gravity effects, one can give a correct analysis of the full 
evaporation until a Planckian mass is reached

Studying our universe 
(SM coupled to 
gravity) but ignoring 
cosmological effects 
(asymptotically flat 
space)



No hair theorem

•  

M, Q, J



What happens to the angular 
momentum?

•  



What happens to the charge?

•  

 



Self-tuning towards extremality

 

•  



Backreaction and the long throat
Near-extremal black hole have a long throat within 
which the transverse sphere has approximately 
constant radius
Radial and time directions look like 
two-dimensional anti-de Sitter space
As the temperature goes to zero, the length of the 
throat diverges
Small changes in energy lead to large changes in 
spacetime geometry => backreaction is important
Relatedly, large diffeomorphisms of AdS2 and 
rotational modes of the transverse sphere 
become almost-zero modes of the black hole 
solution and will have large, strongly coupled 
quantum fluctuations
These almost-zero modes have an effective 
two-dimensional description (JT gravity + SU(2) 
gauge theory)



JT gravity and Schwarzian quantum 
mechanics

Last ten years: almost-zero modes form a solvable 
quantum theory: Schwarzian quantum 
mechanics coupled to a quantum rigid rotor
Schwarzian QM is the same theory that describes 
the SYK model in condensed matter physics at low 
temperatures (example of universality)
Strategy: nonperturbative quantum treatment of 
matter fields + almost-zero modes. Semiclassical 
treatment of all other spacetime fluctuations

[Iliesiu, Turiaci]



Schwarzian corrections and low 
temperature thermodynamics

 

Need to actually calculate the 
radiation spectrum

[Iliesiu, Turiaci]



Semiclassical massless scalar field 
radiation

Near-horizon outgoing modes  are thermal. Related to outgoing modes at infinity by a 
classical scattering problem (graybody factors)
Analytically solvable in near-extremal limit by matching different approximate solutions in 
different regimes
Find that the emission probability goes to zero at low temperatures 

  
Centrifugal 

force

Toy example

[Figure from Harlow (2014)]



The quantum description
Near-horizon: JT gravity, 2D SU(2) gauge theory, 
scalar field
Far-field: scalar field in fixed black hole 
background
Leading order: two regions are decoupled
Perturbative coupling: far-field modes reflecting 
off the black hole potential barrier act as a source 
for the near-horizon region (and vice versa)
Interaction Hamiltonian:

Near-horizon 
matter operator Far-field creation/ 

annihilation 
operators



Quantum scalar field radiation

Emission rate follows from Fermi’s golden rule:



Semiclassical photon/graviphoton 
radiation
 



Angular momentum and forbidden 
transitions
•  



Diphoton emission

The forbidden transition occurs by emitting two photons (via an off-shell 
intermediate state)
Can be calculated by the second-order perturbation theory version of 
Fermi’s golden rule

Plugging in the Schwarzian QM four-point function, one obtains

 



Semiclassical charged particle emission

The effective potential for an electron near a 
near-extremal black hole has a small barrier due 
to gravitational attraction and then goes 
negative due to electrostatic repulsion
Inside the barrier, the Hawking effect means 
there is a bath of thermal electrons
The Schwinger effect comes from the small 
probability that a thermal electron has enough 
energy to get over this barrier

 



The post-emission black hole
Naively, after emitting an electron the black hole 
has mass and charge

However once over the barrier the electron is 
accelerated to ultra-relativistic speeds and 
reaches nearly Planckian energy
Black hole gets hotter but stays near extremal

Since there were dramatic changes to neutral 
particle emission at low temperatures, one might 
expect similar corrections to the charged particle 
emission rates from quantum effects…

 



Quantum charged particle emission

•  

Nothing changes from the semiclassical answer at 
all!



Back to neutral radiation?
•  



The evaporation of very large black holes

 



The evaporation of very large charged 
black holes

 



What have we learned?
Even the simplest of problems can have an awful lot of physics in 
it?

Sometimes you do a tricky calculation and find stuff that’s really 
fun and interesting … and sometimes you don’t?

Just because we don’t understand quantum gravity (in our 
universe) doesn’t mean we can’t do genuine quantum gravity 
calculations (in our universe) if we’re careful and we get a bit 
lucky?

If you want to be a physicist, it’s always worth paying attention in 
undergraduate quantum mechanics classes?

Thanks
!


