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The aim of the proposal to the COST project MP1304 ”Exploring fundamental physics with compact stars” was to
support a research stay and carry out a collaboration project between my current institute (Astronomical Institute of
the Academy of Sciences of the Czech Republic) and the hosting institution of Laboratoire d’Astrophysique de Bordeaux
(LAB) in France. During this STSM mission, we worked on equilibrium of self-gravitating systems embended in a
dipolar magnetic field and spherical gravitional field. First, in the context of self-gravitating disks and compact objects,
I will summarise the joint research proposals, about charged self-gravitating tori. Then, I will discribe the code initially
written in Bordeaux in which I contributed on the equilibrium figures of hydrodynamic fluids in rotation. And finally, I
will explain the improvement of this code (addition of the gravitational and magnetic field produce by the central mass),
and will show first results we obtained.
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Joint research proposals

Charged self-gravitating tori
In a recent paper, [1] have studied the equilibrium figures of a dusty torus rotating in an external poloidal magnetic field
and central gravitational potential. It is shown that the charged torus can be thicker due to a magnetic contribution
to the total pressure. The authors have considered four different families of charge densities. Some solutions, having no
matter around the equatorial plane are amazing. The conclusion lists a few interesting aspects to analyze next. Moreover
I contributed to the relativistic version of this paper [2], where charged-fluid toroidal structures surround a non-rotating
black hole immersed in a large-scale, asymptotically uniform magnetic field.
I would be interested in continuing the work by [1] by taking self-gravity into account. This aspect was quoted in this
paper as eventually important in the context of Active Nuclei. This point is however not easy, especially if the system is
geometrically thick, which seems to be the case of most solutions obtained. This was the aim of th present collaboration.
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Equilibrium of Self-gravitating system

2.1

Summary of previous work

During my first year of PhD, I contributed to develop a code for the equilibrium figures of self-gravitating systems in
rotation. The numerical code, written in Fortran 90, consist of resolving the equation of Bernoulli for 2D axi-symmetric
systems. [3, 4, 5], namely
H + Ψ + Φ = Cste and ∆Ψ = 4πGρ
(1)
R −1
where H = ρ dP is the enthalpy, Ψ the self-gravitational potential and Φ the rotational potential. P and ρ are
respectively the pressure and the density. The gravitational potential has a central role and has to be calculated with
the best accuracy. The system has the following properties :
• symmetry around the rotation axis and the midplane,
• the angular velocity is a function only of the distance from the rotation axis,
1

• The equation of state is barotropic, the pressure P is a function only of the density. By exemple P = kρ1+ n for
polytrops.
This code is based on the ”Self-Consistent-Field” method [3]. This approach consists of finding the final density of
the equilibrium object by an iterative scheme on the Bernoulli and Poisson equation (1). With this code, we obtain
equilibrium structures as the one in fig. 1a, where we plot the results of the ”SCF method” for a polytrope with
polytropic index n = 0.1 and a solid rotation (constant angular velocity).
We compared our equilibrium figures, with success, to some results published in different articles [3, 4]. Our code is
valid and relatively versatile; it is possible to choose the rotation law and the law between the pressure and the density.
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2.2

Actual work

During the STSM mission, we improved our code by adding the gravitional potential and the dipolar magnetic field due
to the central mass. The gravitational potential of the central mass is defined by
Ψc = −

GMc
,
r

(2)

where G, Mc and r are the gravitational constant, the mass of the central source and the spherical radius, respectively.
And the dipolar magnetic field is a poloidal field only.In cylindrical coordinates (R, φ, Z), it is given by
BR = √
5

3µZR
,
R2 + Z 2

Bφ = 0,

µ(2Z 2 − R2 )
BZ = √
.
5
R2 + Z 2

(3)

So our new energy equation becomes
H + Ψ + Φ + dΨc + eM = Cste,

(4)

where M = vφ Aφ , vφ is the orbital velocity and Aφ is the φ-compoment of the vector potential linked to the external
→
−
−
−→→
magnetic field by B = rot A , d and e defined the strength of the central mass and the magnetic field, respectively. Using
the same iteration scheme as described above, we have obtained new equilibrium figures. We have tested different cases,
with/without central mass and with/without magnetic field. The first results are presented in figure 1. We have plotted
4 tori equilibrium obtained for 4 different pairs (e, d) for the same equatorial radius and polytropic index n = 0.5.
• At the top left, (e = 0, d = 0),
• at the top right, (e = 0, d 6= 0)
• at the lower left corner, (e > 0, d = 0)
• and at the lower right corner, (e > 0, d 6= 0).
We see, in the figures, the different impacts produced by the central mass and the dipolar potential. It is clear that there
is major change on the equilibrium figures. We will have now to explore the space parameters.
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(b) Equilibrium figure of a self-gravitating torus obtained
with central mass (d 6= 0) and without dipolar magnetic
field (e = 0)

(a) Equilibrium figure of a self-gravitating torus (without
central mass and dipolar magnetic field).
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(c) Equilibrium figure of a self-gravitating torus without
central mass (d = 0) but with dipolar magnetic field (e >
0).

(d) Equilibrium figure of a self-gravitating torus obtained
with central mass (d = 0) and dipolar magnetic field (e >
0).

Figure 1: torus at equilibrium for a polytropic index n = 0.5 and solid rotation.
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