
A new method for reconstructing  
the density distribution of matter   

in the disks of spiral galaxies  
from the rotation velocity curve in it 







Old method for reconstructing the density distribution was proposed 
by Alar Toomre (Ap.J. 138, 385, 1963):  



Jalocha, Bratek & Kutschera (2010) have suggested a 
more convenient method based on integrals of elliptic 
functions:  
 
 
 
 
 
 
 
They have shown that the main errors arise because of 
Ignorance of the distribution rotation velocity 
curveV(ρ) at large values of ρ.  
Polyachenko (2004, 2005) has studied the same 
problem (stability of the numerical calculation of σ). 



We propose a new integral representation for 
solving the problem of determining the surface 
density σ(ρ) from the disc velocity curve V(ρ). 
Our method does not require knowledge of the 
numerical values of special functions (Bessel 
functions and/or elliptic functions). 
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As: 
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we gives for the sigma: 

Substituting to the integral the definition of 
Bessel functions of zero order:  
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By renaming the variables α and β in these 
sectors, we can reduce the integral for sigma to 
the following form: 
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If V(R) corresponds to a constant tail at infinity:  



If V(R) corresponds to a Keplerian tail at infinity:  



Note that in the expression we used the so-called 
holographic principle, i.e. each point of the 
density distribution contains the information 
about all points of distribution f(R). 



Demonstration of convergence test  
for basic functions of our method: 
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OBSERVATIONAL DATA 
By using the method described above, we have 
restored the matter surface density profiles for 
the discs of four spiral galaxies, based on their 
observed rotation curves. The four galaxies are:  
NGC 2841, 7217, 7331 and 5533. 

To compute the behaviour of the curve V(R) at 
large R>Rmax (where the velocity distribution is 
unknown), we use the following two cases:  
 
 
 

(constant tail and Keplerian tail) 
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The comparison of the observed surface brightness profiles for our 
four galaxies, with those based on the gravitating matter surface 
density. Profiles restored from the rotation curves for the outer 
rotation curve asymptotic taken as a constant value, calculated by 
assuming that all the gravitating matter is the stellar component of 
the galactic discs. 
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ACCOUNTING FOR THE COMPONENTS 
OF A SPHERICAL HALO OF THE GALAXY 

In all previous considerations, we have ignored the fact that 
much of the matter of the galaxy, in principle, can be 
concentrated in a spherically symmetric halo, which has a 
mass function Msphere(r). Initially, we do not know the 
distribution of the spherical mass Msphere(r).   
This feature is a free parameter of the model. Because of the 
additivity of the potential  (in the Newtonian 
approximation), it can be divided into two parts (the disc and 
a spherical component): 
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After that, the density of matter in the galaxy 
can be found by serial iterations  
(until observable brightness and velocity curves 
coincide with it’s theoretical curves).  
 
We have not performed such analysis yet.  

Hence, all subsequent arguments amount to 
replacing the observed features V(ρ) as: 
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In this work, we have considered a new integral representation 
for reconstructing the matter surface density in the flat discs of 
spiral galaxies. Our method (equations 14 and 15) contains only 
a twofold integral in the restricted limits (from 0 to π/2).  
At first, we suppose that all matter is concentrated in the disc of 
the galaxy, and we apply the method for reconstructing the 
surface density of matter in four spiral galaxies (NGC 2841, 7217, 
7331 and 5533).  
We have compared our results with the distributions of stellar 
matter. This comparison allows us to make some conclusions 
about the possible nature of the ‘hidden mass’ in these galaxies. 
Because the radial distributions of the ‘hidden mass’ that we 
have derived correlate with the radial neutral hydrogen 
distributions, this is an argument in favour of the hypothesis that 
the hidden mass phenomenon at galaxy scales is connected with 
the cold gas content.  



 Thanks !  
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