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1919. May 29 eclips confirms that gravity “bends” light

'Illustrated London News‘, Nov 22 1919‘Times of London‘, Nov 7 1919



Hoop Conjecture & end of short distance physics

Universal limit on maximum luminosity?

Relativistic head-on collisions of particles and black holes

Threshold collisions

Particles at the light ring

Colliding pulses of radiation

Kinetic energy dominated processes: plan



• “An imploding object forms a BH when, and only when, a circular hoop 
with circumference 2 the Schwarzschild radius of the object can be made 
that encloses the object in all directions.”

   Large amount of energy in small region

Hoop Conjecture and kinetic-dominated processes 
(Thorne 1972; Flanagan 1983; Schoen & Yau 1983) 

This is the hoop

R=2GγM/c2

Size of electron: 10^(-17) cm

Schwarzschild radius: 10^(-55) cm



Choptuik & Pretorius, Phys.Rev.Lett. 104:111101 (2010)

The end of short-distance physics

Lorentz boost = 2



Choptuik & Pretorius, Phys.Rev.Lett. 104:111101 (2010)

Lorentz boost = 2

The end of short-distance physics



Choptuik & Pretorius, Phys.Rev.Lett. 104:111101 (2010)

Lorentz boost = 4

The end of short-distance physics



High energy collisions

Black holes do form in high energy collisions
(Choptuik & Pretorius 2010; East & Pretorius 2013; Rezzolla & Takami 2013; Exposito-Farino+ 2026) 



High energy collisions

Sperhake + PRL111:041101 (2013) 

Structure of colliding objects is irrelevant



On the maximum luminosity

Gibbons & Barrow MNRAS 446:3874 (2015); Cardoso+ PRD97:084013 (2018)



The Thorne-Dyson conjecture

luminosity=

K. Thorne, Gravitational Radiation (North-Holland 1983) 

F. J. Dyson, Interstellar Communication (Benjamin, NY, 1963)

Gibbons & Barrow MNRAS 446:3874 (2015); 

Cardoso+ PRD97:084013 (2018)



“End of short distance physics”

Cosmic Censorship, black hole formation and critical phenomena

Possible long-lived metastable states

If kinetic-energy dominated, how much can be radiated?

Universal limit on maximum luminosity c^5/G (10^59 erg/sec)?

Can multiple black holes form by focusing radiation?

How do pencils of light interact gravitationally?

How does light interact with gravitational waves?

Consequences for light ring physics, for physics of lasers

High energy collisions



Zero Frequency Limit 
(Weinberg ’64; Smarr ‘77)

Take two free particles, changing abruptly at t=0

Radiation isotropic in the UR limit, multipole structure

Functional relation Erad(), flat spectrum

Roughly 65% of maximum possible at =3

With cutoff  M 0.4 we get 25% efficiency for conversion of gws



Point particles colliding with black holes 
(Davis+ 1971; Cardoso & Lemos 2002, Berti+ 2010)

Radiation isotropic in the UR limit, multipole structure

Functional relation Erad(), flat spectrum

Roughly 65% of maximum possible at =3

With cutoff  = QNM we get 13% efficiency for conversion of gws



Waveform is almost just ringdown

Spectrum is flat, in good agreement with ZFL

Substantial memory, as predicted by ZFL

Cutoff frequency at the lowest quasinormal frequency

Sperhake + PRL101:161101 (2008) 



Sperhake + PRL101:161101 (2008); Helfer + (unpublished)

Waveform is almost just ringdown

Spectrum is flat, in good agreement with ZFL

Substantial memory, as predicted by ZFL

Cutoff frequency at the lowest quasinormal frequency



13%



Black holes have small “rotation”         

Cosmic Censorship:

can we destroy black holes?



Sperhake + PRL103:131102 (2009) 



More than 25% (35%) CM energy radiated for v=0.75 c (0.92c)!

Final BH rapidly spinning. CC is preserved

Conjecture 50% of radiation as in point particle



Zhu + arXiv:2604.26253; see also Gundlach + PRD 86, 084022 (2012)



Light orbiting black holes 
(Barausse+ 2021)



Light orbiting black holes 
(Barausse+ 2021)

At light ring



Collisions of pulses of radiation
see also Redondo-Yuste’s talk for nonlinear content of gravity

Lekner, Proc.R.Soc.Loondon (2018); Exposito-Patino +  (ongoing) 



Collisions of pulses of radiation
see also Redondo-Yuste’s talk for nonlinear content of gravity

Lekner, Proc.R.Soc.Loondon (2018); Exposito-Patino +  (ongoing) 



The bearable lightness of light

Exposito-Patino +  (ongoing) 



The weight of light

Exposito-Patino +  (ongoing) 



The weight of light

Exposito-Patino +  (ongoing) 



“End of short distance physics”

Cosmic Censorship, black hole formation and critical phenomena

Possible long-lived metastable states

If kinetic-energy dominated, how much can be radiated?

Universal limit on maximum luminosity c^5/G (10^59 erg/sec)?

Can multiple black holes form by focusing radiation?

How do pencils of light interact gravitationally?

How does light interact with gravitational waves?

Consequences for light ring physics, for physics of lasers

High energy interactions



Thank  you
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