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There is mounting, albeit controversial, theoretical

evidence that quantum black holes might be significantly
different from their classical counterparts[1,6].

In particular, modern versions of Hawking's black hole

information paradox have led to exotic alternatives to

classical black hole horizons, such as the fuzzball [2, 3]

and firewall paradigms [1, 7].

Theory puts Planckian physics at horizon

• (Solving) Black Hole Information Paradox 

• Hawking, Mathur … Almheiri, Marolf, Polchinski, & Sully 

• Black Hole (Fuzzball) Entropy in String Theory

• Mathur …

• (Solving) Cosmological constant problem(s), Dark Energy

• Prescod-Weinstein et al., Afshordi

• Gravitational Condensate Stars: An Alternative to Black Holes

• Pawel O. Mazur, Emil Mottola

…



Quantum Black Hole Tunneling 
(into Fuzzball)
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Quantum tunneling is what allows the Sun to 
shine!
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http://www.forbes.com/sites/ethansiegel/2015/06/22/its-the-power-of-quantum-mechanics-that-allow-the-sun-to-shine/#78752a276127

Kraus, and Mathur 2016
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Quantum 

Black Holes
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In classical General Relativity, an observer falling through  the 

event horizon experiences “no drama”.

BUT

Structure near event horizon  late-time, repeating, echoes of 

the ringdown phase of the black hole merger



Angular momentum barrier
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Planck-scale structure near horizon results in



10

GW150914

How to separate the ringdown?
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How to separate the ringdown?
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Number of free parameters:
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Average number of noise peaks higher than a 

particular SNR-value within a time-interval 0.54% 

techo for combined (top) and GW150914 (bottom) 

events. The red dots show the observed SNR peak 
at techo = 1.0054techo.

Resulting prior distribution assuming 

a random phase for the echo 
template.

GW150914

Combined
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GW150914GW150914+GW151226+LVT151012

False detection probability (p-value) as a function of \gamma

How often would we see “echoes” in background?

EchoesEchoes
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GW150914

Combined
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GW150914

Interestingly, SNR ratio of GW150914 

2.74/3.37 = 0.81 is comparable to the SNR 

ratio for the main event 13.3/18.6 = 0.72.
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Late echoes from Planck scale structure near horizon
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Best fit templates for LIGO main events and echoes 

(using the joint best fit), in Fourier space. The amplitude 

spectral distribution (ASD) for each detector is shown for 

comparison.

GW150914
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Experimental Evidence for
Quantum Gravity and
Planck scale physics 
at 99% confidence?!!>2.5𝜎

Extraordinary claims require extraordinary 
evidence
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Thank you
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Particle Detectors, Grupen C., Shwartz B.
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This has decoupling symmetry similar to Unimodular gravity

T T T Cg   
  

This means that contributions to the energy-momentum tensor 
proportional to the metric do not couple to gravity



29And you guessed it! Planck-scale structure replaces black hole horizon
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