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Whole galaxy: 50 kpc 
Bulge: few kpc, non spherical 
Nucleus: few pc, spherical 
SMBH: 1/10 AU

From kpc down to mpc scales

33 kpc 100.000 a.l.≃
8 kpc

Nucleus

Galaxy
Sun
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Penrose 
  1965

Collapse without assumption of symmetry



…It will be shown that, after a certain critical condition has been fulfilled, 
deviations from spherical symmetry cannot prevent space-time singularities 
from arising.  

    If, as seems justifiable, actual physica1 singularities in space-time are not 
to be permitted to occur, the conclusion would appear inescapable that inside 
such a collapsing object at least one of the following holds:  

(a) Negative local energy occurs. 
(b) Einstein’s equations are violated.   
(c) The spacetime manifold is incomplete.  
(d) The concept of space-time loses its meaning at very high curvatures — 
possibly because of quantum phenomena.  

In fact (a), (b), (c), and (d) are somewhat interrelated, the distinction being 
partly one of attitude of mind. …

Curiosity: what did Penrose really think?
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The SgrA* 4x106 M⊙ Central "Massive Black Hole"

About 20 yr dataS14: 47.3 yr period, 
per. dist. 90 AU ~ 1050 RS  

S2: 15.56 yr period;  
per. dist. 120 AU ~ 1400 RS 
per. speed ~ 7650 km/s ~ 0.026c

4 mpc =

Evidence of gravitational  
red shift for S2 

(Gravity Collaboration, 2018) 
and of orbital precession 

(Gravity Collaboration, 2020) 

In a PN scheme f = 0.9 
(f =0 Newtonian; f =1 GR)

α ~ 0.0009;  β ~ 0.026
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S2

http://www.mpe.mpg.de/6590570/Stellar-Orbits
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real observations

1” ~ 40 mpc

numerical integrations
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(Gravity collaboration)



yellow = min; green = max 
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MBH ~ 4.4x106 M⊙ 

Pericenters rp: ~ from less than 1 mpc to few mpc 
Schwarschild radius rS ~ 4.3x10-7 pc ~ 0.08 AU   
BH Influence radius ri ~ 2.5 pc ~ 6x106 rS 

                                            rS < rp << ri 

                  

                

              

Some reference scales

Are we really watching a SMBH?

Relativistic dynamics around the Galactic nucleus

Very likely, but not certain, in principle. 

Alternatives: 

- an ultra dense star cluster 
- a boson star or a gravastar 
- A strong cusp of dark matter
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For the S2 star both redshift and precession actually found

Δφ

In strong gravitational field both gravitational redshift and orbital 
precession are expected



δφ =
4

rS(u3 − u1)

π/2

∫
0

dφ

1 − k2 sin2 φ
− 2π

k2 =
u2 − u1

u3 − u1
≥ 0,

At lowest order, the elliptic integral leads to the known Einstein- 
Schwarzschild precession per orbit

δφ =
6πG
c2

m∙

a(1 − e2)

depends on the orbit.  
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Observed value for S2 gives ~12’ compatible with 10% accuracy with 
the above.  Can we really state about GR validity?

Non rotating (Schwarzschild) black hole
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Issues: 

- 1st order term is not enough 
- Precession and red shift must be coupled 
- BH may have a spin (Kerr black hole)

S∙ = (Gm2
∙ /c)χs∙

s∙ is the spin versor, ranging from up to down 
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Closer to Sgr A*
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assuming a 100µarcsec resolution



To measure the SgrA* on a 5 yr time basis rp < S 2/5, a < S 2/5, P< 2.5  yr
Relativistic dynamics around the Galactic nucleus

assuming a 100µarcsec resolution



The END

Relativistic dynamics around the Galactic nucleus


