KINEMATICAL PROPERTIES OF ELLIPTICAL
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Motivation
Fundamental plane (FP) of elliptical galaxies can be used to constrain
theories of gravity, i.e. to obtain observational constraints on the
parameters of the theories of modified gravity [1,2,3]. The fundamental
plane is connected to global properties of ellipticals and also can be
connected with the parameters of extended theories of gravity. On the other
hand several extended gravitation potentials in the weak field limit have
Yukawa-like form. That is why in this paper we first analyze the velocity
distribution of elliptical galaxies comparing theoretical results in case of
Yukawa-like gravity with astronomical data for elliptical galaxies. In that
way we constrain the Yukawa parameters α and λ, and analyze the
properties of elliptical galaxies in Yukawa-like gravity where 1/λ is the
range of Yukawa interaction (scale length) and α is a universal constant
which gives the strength of the correction.
Yukawa-like gravity potential:

Stelar kinematics in Yukawa-like gravity
Empirical relation:

Figure 2. Velocity dispersion σtheor as a function of the effective radius re for
The important empirical relation [4,5,6] gives us the possibility to obtain eliptical galaxies, for four different values of the λ·re product: 2, 3, 4 and 5. The
unique observational constraints on the structure, formation, and evolution Newtonian velocity dispersion at the effective radius σ0 is taken from [7].
of early-type galaxies, as well as on the parameters of the theories of Theoretical values of velocity dispersion σtheor are calculated for the three values of
modified gravity.
Yukawa parameter α: -0.5, -1.5 and -2.0.
In order to model the mass distribution in elliptical galaxies, we took the
singular isothermal sphere (SIS) model:

We obtain circular velocity:

If we introduce the new variable:
the squared circular velocity at the effective radius (for r = re) is :

Table 1. The values of vc/σ ratio for different combinations of (α, λ·re)
parameters of Yukawa-like gravity, presented in Fig. 2.
The obtained results show that the Yukawa-like gravity is able to explain
elliptical galaxies with different stellar kinematics described by v c/σ relations
shown in Fig. 1 and Table 1, without introducing the dark matter hypothesis.
Besides, we can notice from Fig. 2 that the Yukawa-like correction has strong
influence on the FP of the elliptical galaxies, and that better agreement with
observations is obtained for those gravity parameters α and λ which give a
larger vc/σ relation closer to 1 (i.e. for kinematically less hot systems).
Therefore, the vc/σ relation and the FP can be used as standard tools to probe
the Yukawa-like gravity in the weak field limit, as well as to constrain its
parameters α and λ.
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