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!
BKL Singularities ���



Prof. Henri Andrillat 

Meudon Observatory 
BKL conjecture 

June 1975 



D.A.M.T.P. 



!
Seeing Black Holes… ���



In the 1970’s, only very indirect evidence for black 
hole existence  

• Binary X-ray sources for 
stellar mass BH (Uhuru, 1971) 

• Compact radio source SgrA* 
for massive BH (Balick et al., 
1974) 

• Energetic considerations for quasars 
and AGN    (Lynden-Bell & Rees, 
1971) 



Image of a spherical black hole with thin accretion disk 
J.-P. Luminet, Astron.Astrophys. 75, 228 (1979) 



The Final Picture 



The Final Picture 

Secondary image  
(photon ring) 

BH shadow 
Doppler effect 

Primary image 

BOLOMETRIC (ALL WAVELENGTHS INTEGRATED) 





French TV Series « OVNI(s) - 2022 



J.A.Marck 
1989 

(unpublished) 



Colored image of a Schwarschild black hole accretion disk with 
inclination angle 7° (Marck, 1991) 





event 
horizon ? 

Accretion 
Disk ? 

 M87*: 10 april 2019  SgrA*: 12 may  2022 

First telescopic images of 
supermassive black holes by the EHT 



Caution…
EHT image is monochromatic (λ= 1.3 mm) 
è At this wavelength the accretion disks emit 
little, the luminosity is dominated by the photon 
ring 

F. Vincent, 2021 



 Dapp  ~ 52 µarcsec 

! 2,6 times the size of 
event horizons 

At EHT resolution, the photon ring appears as a thick ring 
instead of a thin one  



!
Tidal Disruption 

Events… ���





Tidal Disruption Basics

Roche limit (1847) 

Incompressible homogeneous 
bodies in static field  

(planet-satellite couple in 
circular orbit) 

Tidal disruption of 
stars by black 

holes could explain 
NAG (1975) 

 (ony if MH < MHills) 

First numerical 
calculations for 

compressible bodies in 
dynamical tidal field  

  

Carter, Luminet et al. 
(1982-1989) :  

« affine » star model 

 (star-BH encounters in 
parabolic orbit) 



Nature 10 March 1982 
Astron. Astrophys. 1983 



Parabolic 
orbit 

Tidal radius 

Black hole 

RT
RP

penetration factor 
(CL, Nature 1982)  

Strength of the Tidal Encounter :



The Pancake Effect 
(Carter & Luminet, Nature, 1982) 

Max. compression and heating strongly 
dependent from β :

ρmax ~ β3 ρ*

Τmax ~ β2 Τ*

Δτmax ~ β-4 τ*

β =10
 106 g/cm3

 109 K

 0.1 sec

Conditions required for 
explosive stellar disruption



M.N.R.A.S. 1985 



Slight penetration   
(β < 3)

« cigar-like » configuration

Disruption process in the ellipsoidal model

Deep penetration  
 (β > 3)

« pancake » configuration



X-ray flare in RXJ 1242-11

(1999) 

UV-transient

(ROTSE telescope 2009) 
NGC 4252 (1995) 



Around a 109 MS black hole, the typical collisional velocities are > 
5000 km/s within a distance 0.1 pc from the black hole  

(CL 1982) 

β = vcoll/v*  crushing 
factor 

β = RT/Rp 

Massive BH (104 - 108 MS) Supermassive BH   > 108 MS 

Galactic Nuclei, AGN Blazars, Giant ellipticals 

Disruptive star-star collisions by SMBH



!
• Art of geometrical reasoning 
 
• Art of synthetic diagrams 
 
 



Flat spacetime 

Image of circular luminous rings around a spherical body 

Curved 
spacetime  
(black hole) 



The « Rolling Mill » Effect 

fixed compressive point 
after periastron



Double point inside the tidal radius 

Several compressions

Relativistic tidal field



Double point inside the tidal radius: 



Mass-density diagram of celestial bodies 





Thank you 
Brandon ! 


