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• Echoes of a black hole, Ripples in space-time could herald the demise of general relativity 
and its replacement by a quantum theory of gravity
https://aeon.co/essays/do-ripples-in-space-time-herald-a-new-theory-of-gravity

• Has LIGO Actually Proved Einstein Wrong – and Found Signs of Quantum Gravity?
https://thewire.in/86914/quantum-gravity-echoes-blackholes

• Einstein's Theory of Relativity is 100 Years Old, But May Not Last
https://www.inverse.com/article/25051-how-long-will-einsteins-theory-of-relativity-hold-up

• Rätselhaftes Echo aus Schwarzem Loch
http://science.orf.at/stories/2817345

• سیاهچالهشواهدی از ساختارهایی به اندازه پلانک در افق : از مغاکپژواکی 
http://www.psi.ir/farsi.asp?url=http://www.psi.ir/html/news/news/news2_f.asp?id=2155

• Ecos a 3 sigmas en las ondas gravitacionales observadas por LIGO
http://francis.naukas.com/2016/12/08/posibles-ecos-en-la-onda-gravitacional-gw150914

• В гравитационных волнах заметили нарушение общей теории относительности
https://nplus1.ru/news/2016/12/13/relativity

• Onde gravitazionali, una strana eco fa traballare la Relatività
http://www.ansa.it/scienza/notizie/rubriche/spazioastro/2016/12/12/onde-gravitazionali-una-strana-eco-fa-traballare-la-
teoria-della-relativita-_e8f35596-0a1f-4846-8eba-1f03f71a9d78.html

• HOW THE ECHOES IN GRAVITATIONAL WAVES COULD DESTROY THE HUNDRED-YEAR LEGACY OF THE 
GENERAL THEORY OF RELATIVITY
http://stardrive.org/stardrive/index.php/news2/science/19849-how-the-echoes-in-gravitational-waves-could-destroy-the-
hundred-year-legacy-of-the-general-theory-of-relativity

• Эхо гравитационных волн указало на возможное нарушение Общей теории относительности
https://tjournal.ru/38539-eho-gravitacionnih-voln-ukazalo-na-vozmozhnoe-narushenie-obshei-teorii-otnositelnosti 3
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• Echoes in gravitational waves hint at a breakdown of Einstein's general relativity
http://www.sciencealert.com/echoes-in-gravitational-waves-hint-at-a-breakdown-of-einstein-s-general-relativity

• ECHOES FROM THE ABYSS
https://briankoberlein.com/2016/12/03/echoes-from-the-abyss/

• Gravitational waves proved Einstein right, now they may help prove him wrong too
https://room.eu.com/news/gravitational-waves-proved-einstein-right-now-they-may-help-prove-him-wrong-too

• Dar vienas fizikos paradoksas: gravitacinėse bangose pastebėti bendrosios reliatyvumo teorijos 
pažeidimai
http://m.technologijos.lt/cat/121/article/S-58783

• UN ORIZZONTE DEGLI EVENTI IN BILICO
https://www.astronomiamo.it/Articolo.aspx?Arg=Un_orizzonte_degli_eventi_in_bilico

• Heeft LIGO naast zwaartekrachtsgolven soms ook effecten van kwantum zwaartekracht 
gedetecteerd?
http://www.astroblogs.nl/2016/12/13/heeft-ligo-naast-zwaartekrachtsgolven-soms-ook-effecten-van-kwantum-zwaartekracht-gedetecteerd/

• Πώς τα βαρυτικά κύματα μπορούν να καταρρίψουν τον Αϊνστάιν και να μας οδηγήσουν στην 
κβαντική βαρύτητα
http://www.rizopoulospost.com/pws-ta-barytika-kymata-mporoun-na-kata/

• Heeft een zwart gat een ‘firewall’? Drie onderzoekers denken een manier te hebben gevonden om 
te bepalen wat zich afspeelt op het randje van een zwart gat.
https://www.kijkmagazine.nl/space/heeft-een-zwart-gat-een-firewall/

• หลุมด ำอำจมกี ำแพงไฟ และทฤษฎสีมัพทัธภำพทัว่ไปอำจจะผดิ
http://www.narit.or.th/index.php/astronomy-news/2768-ligo-black-hole-firewalls

• La strana eco delle onde gravitazionali fa traballare la Relatività?
https://oggiscienza.it/2016/12/23/eco-onde-gravitazionali-relativita/
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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].



Quantum Black Hole Tunneling
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It's The Power Of Quantum Mechanics That 
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 (GR), an observer falling into an 

astrophysical black hole is not expected to experience anything 

dramatic as she crosses the event horizon.

Introduction of structure near event horizon leads late, repeating, 

echoes of the ringdown phase of the black hole merger,
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[19]
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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
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GW150914

How to separate the ringdown?
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How to separate the ringdown?
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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



20

GW150914GW150914+GW151226+LVT151012

P-value as a function of gamma range starting from 0.1 to higher values for GW150914 and 
combined events.

Why echoes?

EchoesEchoes



21Best fit (or maximum) SNR^2 for the combined (top) and GW150914 (bottom) events.

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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Thank you
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Probing the interior of exotic compact objects (ECOs)
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Black Hole Echoes and Howls
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