
Elliptical Galaxies: 
kinematics



To make a quantitative analysis of the shifts and 
broadening of the absorption lines in a galaxy 
spectrum, we define the line-of-sight velocity 
distribution (LOSVD),  
F(Vlos), 
 such that the fraction of the stars contributing to the 
spectrum which have line-of-sight velocities between 
Vlos and Vlos + dVlos is given by  
F(vlos)dvlos.  
At any given spectral velocity u in the galaxy's 
spectrum, we will observe the light from individual 
stars that was emitted at many different spectral 
velocities; for a star moving with a line-of-sight 
velocity Vlos, this light will have originated at a 
spectral velocity of  
u - Vlos, and been Doppler shifted to u. If we assume 
for the moment that all of the stars have intrinsically 
identical spectra, S(u), then the intensity received at 
spectral velocity u from a star with line-of-sight 
velocity Vlos is  
S(u - Vlos). Summing over all stars we obtain the 
spectrum G(u):



LOSVD is approximated as gaussian with small deviations. 
Only the k=3 (skewness) and k=4 (kurtosis) are used





Major-axis 
kinematics of four 
giant ellipticals



Results: steep profiles for mass in the central region



satellites. More details on the selection criteria for hosts and satellites can be found in

the literature.

We use the Jeans equation:

dρσ2

ρdr
+

2βσ2

r
= −g(r), (1)

where β(r) = 1−σ2
⊥/2σ2 is the velocity anisotropy. In the case of Newtonian gravitaty the

acceleration g = gN(r) = GM(r)/r2, where mass M(r) includes both the normal baryonic

mass and the dark matter. For MOND gravity g(r) = gMOND is given by solution of non-

linear equation gMONDµ(|gMOND|/a0) = GM∗(r)/r2, where M∗ is the mass of only baryons.

The galaxies in our sample this is mostly the mass of stars.

Eq (1) is an ordinary linear differential equation of the first order, which solution is

given by

σ2(r) = e−F
∫ ∞

r
g(r)eFdr, F (r) =

∫ r 2β + α

r
dr, (2)

where α ≡ d ln ρ/d ln r is the log-log slope of the number-density of satellites. Typically

α is either constant or a slowly changing function. Assymptotic behaviour of the veloc-

ity dispersion for the LCDM model: σ2(r) ∝ ln(r)/r. For MOND with β =const and

α =const we have σ =const.
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Analytics: Jeans equation 

= radial velocity dispersion
= velocity anisotropy

= (number)density of tracer 
 population (=satellites)

= force of gravity



How to use the velocity data: recovering mass profile 
in M87 (McLaughlin 1999)

Data: velocity dispersion profile and the surface brightness profile

Assume that the system is stationary and spherically symmetric.
Constant mass-to-light ratio. Assume a parametric model for dark 
matter. βgal is the velocity anisotropy

Jeans equation for radial velocity 
dispersion

LOS velocity dispersion in the model



M87: Virgo 
Cluster



M87



Comparison of dark 
matter and intracluster 
gas density and 
temperature profiles.
Assume gas follows 
DM. 
Nulsen&Bohringer are 
results from X-ray 
measurements





Correlation: shape and 
rotation





Fundamental Plane



More recent results



Dn - sigma relation

Dn is the diameter within which 
the mean surface brightness is 

In =20.75

evaluate the integral:

use fundamental plane 
to remove Re. Dn 

only weakly depends 
on Ie:





Ellilipticity:

Rotational velocity:

Cappellari et al 



δ = velocity anisotropy of 
random motions





Normal and  low luminosity Es 
– rotate rapidly, 
– are nearly isotropic oblate spheroids, 
– are substantially flattened (E3.5), 
– are coreless 
– have disky-distorted isophotes.

Giant ellipticals 
– are essentially non-rotating, 
– are anisotropic  and triaxial, 
– are less flattened (E2.5), 
– have cuspy cores, 
– have boxy-distorted isophotes.

Types of Ellipticals

Dwarf spheroids are special  
– low-surface brightness, 
– do not respect the fundamental plane, 
– slow rotators for their ellipticity 
– 



Core “fundamental plane” correlations 
define what it means to be an elliptical galaxy.

Kormendy (1985, 1987)

E  ≠ Sph ≈ S,Im

globular 
clusters


