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Outline of my talk
• Introduction 
• Shadows for Kerr as a tool to evaluate  BH 

characteristics
• Shadows around Reissner-Nordstrom BHs
• Observations of BH at Sgr A and a tidal Reissner-

Nordstrom BH
• RN Black hole @ GC?
• AdS BH @GC ?
• Bright star trajectories around BH at GC as a tool 

to evaluate BH parameters and DM cluster
• Conclusions
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The Royal Swedish Academy of Sciences has decided to award the 
Crafoord Prize in Astronomy 2012 to Reinhard Genzel, Max 
Planck Institute for Extraterrestrial Physics, Garching, Germany
and Andrea Ghez, University of California, Los Angeles, USA, 
"for their observations of the stars orbiting the galactic centre, 
indicating the presence of a supermassive black hole".

The Dark Heart of the Milky Way

This year's Crafoord Prize Laureates have found the most reliable 
evidence to date that supermassive black holes really exist. For
decades Reinhard Genzel and Andrea Ghez, with their research 
teams, have tracked stars around the centre of the Milky Way 
galaxy. Separately, they both arrived at the same conclusion: in our 
home galaxy resides a giant black hole called Sagittarius A*.

2012 Crafoord Prize in Astronomy Goes to Genzel & Ghez
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Mirages around Kerr black holes 
and retro-gravitational lenses

• Let us consider an illumination of black 
holes. Then retro-photons  form caustics 
around black holes or mirages around black 
holes or boundaries around shadows.

• (Zakharov, Nucita, DePaolis, Ingrosso,
• New Astronomy 10 (2005) (479-489); 

astro-ph/0411511)
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“SPECTR-R” (Mission “RadioAstron”)
Main scientific tasks of the mission –

syntheses of high-precision images of various Universe objects, its 
coordinates measurements and search their variability with the time. 
A fringe width of the system is 
up to 7 micro arc seconds.

Main characteristics of the space radio telescope
Spectral band: 
• wavelength (cm) - 92;       18;       6.2;      1.19-1.63
• frequency (GHz) - 0.327;   1.66;    4.83;         18-26

Main organizations:
on scientific complex - Astro Space Center of Lebedev Physical Institute of 

Russian Academy of Science;
of spacecraft - Lavochkin Research Production Association    of Russian Space 

Agency.

Planned launch date of the mission is 2007.

The orbit of the mission :
apogee  - 310 000 - 370  000 km
perigee - 10 000 - 70 000 km
declination - 51.6 °
period variation - 7 - 10 

days
Guarantied time of activity  - 5 

years
Scientific payload mass  - 2100 

kg
Pointing accuracy of radio telescope -

35"

RADIO INTERFEROMETER MUCH LARGER 
THE EARTH



• ERC Synergy Grant to image event horizon of 
black hole

• Was Einstein right? The European Research 
Council (ERC) has awarded 14 Million Euros to 
a team of European astrophysicists to construct 
the first accurate image of a black hole. The 
team will test the predictions of current 
theories of gravity, including Einstein's theory 
of General Relativity. The funding is provided 
in the form of a ‘Synergy Grant’, the largest 
and most competitive type of grant of the 
ERC.



• The team led by three principal investigators 
(Heino Falcke, Radboud University Nijmegen 
and ASTRON, Michael Kramer, Max-Planck-
Institut für Radioastronomie, and Luciano 
Rezzolla, Goethe University in Frankfurt and 
Max-Planck-Institut für Gravitationsphysik) 
will combine several telescopes around the 
globe to peer into the heart of our own Galaxy, 
which hosts a mysterious radio source, called 
Sagittarius A*. It is considered to be the 
central super massive black hole.



Recently,Bin-Nun (2010) discussed  an opportunity that the black hole at the Galactic 
Center is described by the tidal Reissner-- Nordstrom metric which may be admitted by the 
Randall--Sundrum II braneworld scenario. Bin-Nun suggested an  opportunity of 
evaluating the black hole metric analyzing (retro-)lensing of bright stars  around the black 
hole in the Galactic Center. Doeleman et al. (2008) evaluated a shadow size
for the black hole at the Galactic Center.  Measurements of the shadow size around the 
black hole may help to evaluate parameters of black hole metric Zakharov et al (2005). We 
derive an analytic expression for the black hole shadow size as a function of charge for the 
tidal Reissner-- Nordstrom metric. We conclude that observational data concerning shadow 
size measurements are not consistent with significant negative charges, in particular, the 
significant negative charge Q/(4M^2)=-1.6 (discussed by  Bin-Nun (2010) is practically  
ruled out with a very probability (the charge is roughly speaking is beyond
9 σ confidence level, but a negative charge is beyond
3 σ confidence level).







Schwarzschild black hole images
(P. Jovanovic , L.C. Popovic & А.F.Z. in 

preparation)
 deg
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Schwarzschild black hole images:  deg



• Redshift map
• Intensity map

Kerr black hole images (a=0.75): 85 deg



• Redshift map
• Intensity map

Kerr black hole images (a=0.99): 85 deg





Falcke, Melia, Agol



Shadows from Melia 















GRAVITY
Studying the supermassive black hole at 

the center of the Galaxy

46th Rencontres de Moriond and GPHyS colloquium 2011
Gravitational Waves and Experimental Gravity

Guy Perrin and the GRAVITY consortium

Thursday 25  March 2011



The VLT, Very Large Telescope
4 european 8 m telescopes at Cerro Paranal in Chili

/D @ 2 µm = 60 mas (600 a.u. or 0.003 pc)



Going beyond boundaries thanks to 
accurate spatial information

• Bring the ultimate evidence that Sgr A* is a black hole: the mass is 
contained in the Schwarzschild radius.

• Understand the nature of flares.
• Use the black hole as a tool to study general relativity in the strong 

field regime

• Study relativistic effects on nearby stars
• Understand the nature of S stars and their distribution

Scale ~ 1 Rs 10 µas

Scale ~ 100 Rs 1 mas
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D. Borka,  P. Jovanovic,  V. Borka Jovanovic  and AFZ, 
PRD,  85, 124004 (2012).









D. Borka, V. Borka Jovanovic, P. Jovanovic, AFZ

From an analysis of S2 orbit one can find signatures 
of Yukawa gravity (JCAP, 2013)











• Conclusions

• VLBI systems in mm and sub-mm bands could detect 
mirages (“faces”) around black holes.

• Shapes of images give an important information about BH 
parameters

• Trajectories of bright stars or bright spots around  massive 
BHs are very important tool for an evaluation of  BH 
parameters

• Trajectories of bright stars or bright spots around  massive 
BHs can be used to obtain constraints on alternative 
theories of gravity (f(R) theory, for instance)

• A significant tidal charge of the BH at GC is excluded by  
observations , but there signatures of extreme RN charge 
(perhaps non-electric one)



• Thanks for your kind attention!


