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Motivation 
       The theory of black hole accretion was developed by Novikov & Thorne 

(1973) and Page & Thorne (1974), and has been successfully applied to 

astrophysical black hole candidates to explain the features of their observed 

spectra for many years. However, observations are almost always 

interpreted under the assumption that the black hole is in a vacuum (i.e. the 

Kerr metric). It is only in recent years that attempts have been made to 

study the theoretical properties of accretion discs in a geometry that departs 

from the Kerr line element (Harko, Kovacs & Lobo 2009a,b; Bambi & 

Barausse 2011; Bambi & Malafarina 2013). 

      We consider the circular motion of test particles in the gravitational field 

of a static and axially symmetric compact object described by the q metric. 

To this end, we calculate orbital parameters of test particles on accretion 

disks such as angular velocity (Ω), total energy (E), angular momentum (L), 

and radius of the innermost stable circular orbit as functions of the mass 

(m) and quadrupole (q) parameters of the source. The radiative flux, 

differential, and spectral luminosity of the accretion disk, which are 

quantities that can be experimentally measured, are then explored in detail. 

The obtained results are compared with the corresponding ones for the 

Schwarzschild and Kerr black holes in order to establish whether black 

holes may be distinguished from the q metric via observations of the 

accretion disk’s spectrum. 3 



Review of q metric 
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Orbital parameters of test particles in 
the field of q metric 
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Innermost stable circular orbits  
in the q metric 
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Review of the Kerr metric 
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Orbital parameters of test particles in 
the field of the Kerr metric 
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Innermost stable circular orbits  
in the Kerr metric 
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Radiative flux and spectral luminosity 
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To model the accretion disc, we follow the standard treatment and 
assume that particles follow circular geodesics in the equatorial plane 
(θ = π/2). 

Joshi P. S., Malafarina D., Narayan R., 2014, CQG, 31, 015002 

is net luminosity that reaches observers at infinity. This quantity 
represents the amount of rest mass energy of the accreting matter that 
is converted into radiation, in other words, the efficiency of the 
source in converting infalling mass into emitted radiation. 



Radiative flux and spectral luminosity 

• Novikov I. D., Thorne K.S., 1973, in DeWitt C., DeWitt B., eds, Black Holes (Les 
Astres Occlus), Gordon and Breach, N.Y., p. 343 

• Page D. N., Thorne K. S., 1974, ApJ, 191, 499 
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Numerical results 



13 

Numerical results 



14 

Numerical results 



15 

Numerical results 



16 

Numerical results 



17 

Numerical results 



18 

Numerical results 



19 

Numerical results 



20 

Numerical results 



21 

Numerical results 



Conclusion 
1. We considered the q metric, a static and axially symmetric vacuum solution of Einstein’s 

equations, as the possible exterior field of an exotic compact object and considered the 

eventuality that such a source may be distinguished from a Kerr black hole from the 

observation of the accretion disk’s spectrum. 

2. Of course the features of the spectra emitted by real accretion disks surrounding compact 

objects in the Universe are much more complicated than the simple toy models employed 

here. In fact, modern models include more realistic situations that take into account the 

effects due to the existence of plasma distributions within thick disks in the presence of 

magnetic fields and to the interaction with gray body radiation under the assumption of local 

thermal equilibrium. Additionally, the spectra of the accretion disks of astrophysical compact 

objects contains extra components such as coronal emission and reflection spectrum which 

complicate the task of comparing the features of real spectra with the mathematical models. 

3. The simple models we investigated in this work cannot be used to practically determine the 

actual geometry in the proximity of astrophysical black hole candidates. However, we believe 

that the general considerations obtained here do indicate a road towards the possibility in the 

future of experimentally constraining geometric quantities, such as the mass quadrupole 

moment of compact sources and thus answer the question whether astrophysical black holes 

are indeed described by the Kerr metric. 
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