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Plan of the talk

1. Dynamical measurements of the mass of BH candidates
2. Current approaches to estimate the spin of BH 
candidates

1. The nature of the constraint |a| < M
2. Observational signatures
3. The case of the BH candidate in the Galactic Center

Super-spinning objects:

Observations:
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• Horizon: a one-way membrane (at least classically). 
However, the spacetime is regular there.

• “BHs have no hairs”: BHs do not have a true internal 
structure and can be completely characterized by a few 
parameters (neglecting exotic possibilities, by M, Q and a)

• BH solutions: Schwarzschild BH, Reissner-Nordstrom BH, 
Kerr BH, etc.

Black Holes in GR: basic features
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• Stellar mass Black Hole candidates in X-ray binary 
systems (5 – 20 Solar masses)

• Super-massive Black Hole candidates in galactic nuclei 
(106 – 109 Solar masses)

• Intermediate mass Black Hole candidates in ultra-
luminous X-ray sources (103 – 104 Solar masses?) 

Black Hole candidates
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The BH candidate in the Galaxy

• Study of the orbits of individual stars
• Mass about 4x106 Solar masses
• Radius < 45 AU (600 R

Sch
)

From Ghez et al., ApJ 620 (2005) 744

The possibility that it is a cluster of 
some non-luminous bodies sounds 
very unlikely, because the cluster 
lifetime due to evaporation or 
physical collisions is too short
(see e.g. Maoz, 1998)
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Stellar mass BH candidates

• Their existence is essentially suggested by dynamical 
arguments (X-ray binary systems, Newtonian motion of 
the companion)

• Mass function:

• In general, a good estimate of M
C  

and i is necessary

• Maximum mass of relativistic stars about 3 Solar masses 
(see Rhoades & Ruffini 1974 and Kalogera & Baym 1996)
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From Remillared & McClintock, ARAA 44 (2006) 49
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Intermediate mass BH candidates

• Ultra-luminous X-ray sources
• Too bright to be ordinary stellar mass BHs (luminosity 

larger than 10 times the Eddington limit for a 10 Solar 
mass object)

• They do not look like low luminosity super-massive BHs
• Their nature is unclear
• The population of ULXRSs is 

likely not uniform and includes
different types of sources (IMBHs,
collimated emission from stellar
mass BHs, SNRs, etc.)

NGC 3184
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Estimate of the spin of BH candidates

• The spin has no Newtonian effects on the motion of 
orbiting bodies. We need test particles on orbits with very 
small radii!

• Basic concept: Innermost Stable Circular Orbit (ISCO)

• Schwarzschild case:
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Current approaches
• Spectral fitting method: measuring the spectral flux 

received at Earth, one can estimate R
in

2 cos(i) / D2. Reliable 
estimates of i, D and M are necessary in order to infer the 
spin

• Quasi-periodic oscillations: one assumes that the QPO 
with the highest frequency corresponds to the orbital 
frequency of gas blobs at the inner edge of the disk

• Relativistic iron line: assuming that the radiating gas 
follows Keplerian orbits with radii larger than the ISCO, 
one can fit the shape of the line profile and get a, i, and the 
emissivity function (usually modeled as 1/rk)

All the approaches are questionable and there is 
no general agreement on their reliability!!!
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A few comments...

• We have a set of observational evidences supporting the 
existence of BHs in the Universe, but for sure there is no 
smoking gun

• The interpretation that these objects are BHs is just the 
most conservative possibility

• Note that, so far, GR has been tested in the weak field limit 
only: BHs may not exist or may be very different from the 
ones predicted by GR!
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Carter-Israel Conjecture

• The end-state of the gravitational collapse of matter is a 
Kerr-Newman BH

• Kerr-Newman BH: 3 free parameters (mass M, Kerr 
parameter a, and electric charge Q)

• Condition for the existence of the horizon: M2 > a2 + Q2
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Kerr metric with |a| > M

• If M2 < a2 + Q2  there is no horizon → Naked singularity!

• Closed time-like curves: we can violate causality

• Cosmic Censorship Conjecture: naked singularity are 
forbidden
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Is the CCC really necessary?

• What is the “physical meaning” of the singularity at the 
center of BHs? It may be the symptom of the breakdown 
of classical GR and be solved at the quantum level/by a 
higher energy theory. In this case, there would be no 
reason to impose the bound M > |a|

• The possibility of violation of the Kerr Bound was first 
discussed in Horava & Gimon 2007 in the framework of 
string theories, but actually it may occur in any extension 
of GR
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Photon Orbits
• Geodesic equations for massless particles

• 3 constants of motion (Energy, component of the Angular 
Momentum parallel to the BH spin and Carter Constant). 
2 constants determine the orbit

• Effective potential:

• 3 kinds of photon orbits: capture orbits, scattering orbits 
and unstable orbits of constant radius
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Null geodesics

Schwarzschild Kerr
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Capture cross section

Apparent size:
Schwarzschild BH: about 10.4 M
Extremal Kerr BH: 9 M (for an observer on the equatorial plane)

From Bambi & Freese, PRD 79 (2009) 043002
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Capture cross section

a/M = 1.001 (observer on the equatorial plane)

From Bambi & Freese, PRD 79 (2009) 043002
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Capture cross section

a/M = 1.001 (observer not on the equatorial plane)

From Bambi & Freese, PRD 79 (2009) 043002
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Connection between capture cross 
section and observations

• Optically thick plasma: we can observe the photosphere centered 
on the BH. The size of this photosphere cannot be smaller than 
the capture cross section of the BH

• Optically (and geometrically) thin plasma: we can observe the 
shadow of the BH; that is, a darker area surrounded by the 
photosphere centered on the BH. The shadow looks like the 
capture cross section of the BH
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Recent Observations of Sgr A*
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Results

• Intrinsic diameter of the radio source:  37+16
-10

 mas at 3 
sigma (modelling  Sgr A* as a circular Gaussian brightness 
distribution)

• If Sgr A* were a spherically symmetric photosphere 
centered on the BH, one would expect a larger diameter

• Schwarzschild BH: 10.4 M = 52 mas

• Extremal Kerr BH: 9 M = 45 mas
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Interpretations

• Current published data are not capable of absolute 
confirmation of such a measurement. Nevertheless, let us 
try to make some speculations...

• Doeleman et al.: the radio source is not centered at the 
BH. There are indeed models which predict an off-set 
between Sgr A* and the BH position

• Our proposal: the radio emission region is a photosphere 
centered on the BH, but the BH violates the bound M > |a| 
and Sgr A* may thus have an apparent size smaller than 
45 mas 
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Direct Image (M > |a|)
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Direct Image (M < |a|)
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Direct Image (M < |a|)
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Future Studies
• Simulations of the accretion flow around a super-spinning 

objects

• Prediction of spectrum and polarization

• The spectrum is mainly determined by the accretion model, 
but standard models of accretion around BHs cannot 
naturally explain the high energy contribution (see e.g. Pian 
et al., 2002). Accretion around more compact objects may 
be more natural! 

• Polarization features are strongly affected by GR effects
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Conclusions
• Today we know the existence of objects which are the end-

state of the gravitational collapse of matter. They are 
“normal” BHs if the Carter-Israel Conjecture is correct 

• The singularity at the center of BHs is likely unphysical. 
The bound M > |a| may be violated

• The relation M > |a| could be tested in the near future, by 
observing the shadow of the BH candidate in the Galactic 
Center 
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