
Shadows at the Galactic Center and at M87* as 
a tool to test gravity theories 

Александр  Ф. Захаров (Alexander F. Zakharov)
E-mail: zakharov@itep.ru  

Bogoliubov Laboratory of Theoretical Physics
Joint Institute for Nuclear Research, Dubna, Russia

05.11.2021
online ICRANet-Isfahan Astronomy Meeting                                                                            



EHT shadow reconstruction for M87*



The EHT shadow as BH logo
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Outline of my talk

• Introduction 

• Shadows for Kerr metric as a tool to evaluate  BH 
characteristics

• Shadows around Reissner-Nordstrom BHs

• The first image of shadow at M87*

• Dependence of shadow size on charge

• Conclusions



• Three basic pillars for M87* picture

• Synchrotron emission

• VLBI observations

• BH geometry (GR in a strong gravitational 
field) 
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Synchrotron radiation plays a key role in many 
astrophysical objects (including BH’s)  
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When Radioastron mission was under 
preparation N. S. Kardashev requested to 

analyse fundamental physics effects which could 
be observed with these facilities. 



“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



Our proposal
In 2004-2005 we proposed a way to test GR predictions with 

Radioastron:
Since angular resolution of Radioastron at 1.3 cm is around 8 uas
and the size of darkness (shadow) could help us to evaluate a 
charge, while shape could help us to evaluate a spin (good!)
The shortest wavelength is 1.3 cm (it is too long to detect 
shadow)  (not good for Radioastron!)
So, we propose to test GR predictions about shape and size of BH 
images with observations.  Astronomy is dealing with images. 
Therefore, establishing the correspondence of theoretical image 
and reconstructed image using observational data is an aim for 
further observations.





























AFZ et al., NA (2005): “No doubt that the rapid growth of 
observational facilities will give a chance to
measure the mirage shapes… using…  sub-mm VLBI array 
(Miyoshi, 2004)).” 
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A.F. Zakharov & F. De Paolis, A.A. Nucita, G.Ingrosso, Astron. 
& Astrophys., 442, 795 (2005)



Jourdain: “For more than forty years I have been 
speaking prose while knowing nothing of it,” (from 
“Bourgeois Gentleman or The Middle-Class 
Aristocrat “, J. B. Moliere)

We: “For many years we had speaking about BH’s in 
Randall --- Sundrum model or in (beyond) 
Horndesky theory (scalar-tensor one) while knowing 
nothing of the theories…”  (tidal charge or “charge” 
due to scalar-tensor  theories)



In 2006 – 2007 we proposed to use space-ground interferometer 
Millimetron to observe shadows















Unstable photon orbits but not shadows could 
exist for naked singularities with 1<Q2<9/8 ,
while in paper arxiv:1802.08060[astro-ph.HE], 
the authors presented an example of  naked 
singularities with a shadows.





Some time ago 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/(4M2)=-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).















Interstellar







Schwarzschild black hole images: q=85 deg

• Redshift map
• Intensity map



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

• Redshift map
• Intensity map



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

• Redshift map
• Intensity map





EHT team: “Similarly, for the EHT, the data we take only tells us only a piece of the story, as there 
are an infinite number of possible images that are perfectly consistent with the data we measure. 

But not all images are created equal— some look more like what we think of as images than 
others. To chose the best image, we essentially take all of the infinite images that explain our 
telescope measurements, and rank them by how reasonable they look. We then choose the 

image (or set of images) that looks most reasonable. “









EHT results in brief
• First M87 Event Horizon Telescope Results. I. The Shadow of the 

Supermassive Black Hole, ApJL 875 L1.
• To image and study this phenomenon, we have assembled the Event Horizon 

Telescope, a global very long baseline interferometry array observing at a 
wavelength of 1.3 mm. This allows us to reconstruct event-horizon-scale images of 
the supermassive black hole candidate in the center of the giant elliptical galaxy 
M87. We have resolved the central compact radio source as an asymmetric bright 
emission ring with a diameter of 42±3 µas. derive a central mass of 
MBH=(6.5±0.7)×109MSun .

• In many AGNs, collimated relativistic plasma jets (Bridle & Perley 1984; Zensus 
1997) launched by the central black hole contribute to the observed emission. These 
jets may be powered either by magnetic fields threading the event horizon,

• extracting the rotational energy from the black hole (Blandford & Znajek 1977), or 
from the accretion flow (Blandford & Payne 1982). The near-horizon emission 
from low-luminosity active galactic nuclei (LLAGNs; Ho 1999) is produced by

• synchrotron radiation that peaks from the radio through the far infrared. This 
emission may be produced either in the accretion flow (Narayan et al. 1995), the jet 
(Falcke et al. 1993), or both (Yuan et al. 2002).



Figure 2. The Event Horizon Telescope is a global array of millimeter telescopes (see http://eventhorizontelescope.org/array) that aims to take the first pictures of black holes. (Courtesy of Dan 
Marrone/University of Arizona.)

Published in: Dimitrios Psaltis; Feryal Özel; Physics Today 2018, 71, 70-71.
DOI: 10.1063/PT.3.3906
Copyright © 2018 American Institute of Physics









Model Comparison and Parameter 
Estimation
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• Conclusions
• GR predicted a structure of darkness, while in observations one sees a distribution of 

brightness due to synchrotron emission and there are a number of  accretion model.
• EHT team showed that shapes and sizes of shadow weakly depend on assumptions about 

accretion flows.
• AZ et al. (2004-2019):VLBI systems in mm and sub-mm bands  could detect mirages 

(“faces”) around supermassive black holes (for BH@ M87 and BH@GC in particular).
• VLBI systems in mm band  detected a shadow around supermassive black hole  for BH@ 

M87 .
• Shapes of images give an important information about BH parameters (including their 

charge).
• A significant tidal charge of the BH at GC (and at M87) is excluded by  observations.
• Quantum (tidal) charges  could be constrainted at M87* (and  at Sgr A*)
• We hope the EHT  team  will release a new image of the SMBH@GC shortly at 1.3 mm 

wavelength shortly.    



• Thanks for your kind attention!
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• The review has quoted two our papers


