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dIrr versus dSph galaxies 

    dIrr 
irregular/disky 

rotating 

contain gas 

forming stars 

    dSph 
elliptical 

non-rotating 

do not contain gas 

not forming stars 

Leo I NGC 6822 

Morphology-density relation: dSph galaxies are found closer to the big 

galaxies, while dIrrs occupy isolated regions at the outskirts of the LG 



Tidal stirring scenario 

• All dwarf galaxies were initially disks 

embedded in dark matter haloes 

• In the vicinity of a big galaxy they are strongly 

affected by tidal forces 

• Tidal forces cause strong mass loss and the 

formation of tidal tails 

• The evolution involves morphological 

transformation, from a disk to a bar and then a 

spheroid 

• Streaming motions of stars change to random 

motions 

 
Mayer et al. 2001 



If dSphs formed via tidal stirring: 

• They are not spherical 

• The stellar orbits are not isotropic 

• They have some remnant rotation 

• The kinematic samples are contaminated 

by tidally stripped stars 



Examples of simulations 

• The simulations traced the evolution of a two-

component dwarf galaxy on an eccentric orbit 

around the Milky Way for 10 Gyrs 

• The dwarf initially had a stellar disk and an NFW-like 

dark matter halo 

• The dwarf was modelled             

with 1.2 x 106 stellar and                      

106 dark matter particles    

• The progenitor had an initial         

mass of 109 M


 

 

20 kpc 

Klimentowski et al. 2007 

Kazantzidis et al. 2011 



All simulations 

Łokas et al. 2011 



Three simulated 

cases 

Three orbits of different  

size, other parameters  

unchanged 

rapo / rperi = 5 



Axis ratios 
A 

B 

C 

b/a 

c/a 

• Model A ends up 

spherical 

• Model B is triaxial 

• Model C remains 

disky 



Morphological evolution 

• The disk transforms into a bar which becomes 

more spherical with time 

• The distribution of stars is in general not spherical 



A 

B 

C 



Prolate vs. 

oblate 

• Most dwarfs go 

through a prolate 

phase associated with 

bar formation at first 

pericenter 

• Still, most dwarfs end 

up more oblate than 

prolate 



Anisotropy parameter 

β =1- (ϭϑ
2 + ϭϕ

2)/ (2 ϭr
2) 

β =0  isotropic orbits 



Anisotropy profiles 

• Anisotropy profiles 

were measured at the 

final output of each 

simulation 

• Radial orbits 

associated with the 

bar dominate except 

for very evolved 

dwarfs 



Shape vs. 

anisotropy 

• All dwarfs on all orbits 

go through a phase of 

radial anisotropy, no 

matter what initial 

value was 

• Those dwarfs that end 

up more spherical 

also end up more 

isotropic 



Streaming to random motion 

V = Vϕ – rotation around the shortest axis 

ϭ =[(ϭr
2 + ϭϑ

2 + ϭϕ
2)/3]1/2 – 1D velocity dispersion 



Streaming to 

random 

• All dwarfs on all orbits 

experience decrease 

of rotation velocity 

and increase of 

dispersion 

• Most dwarfs retain 

rotation of the order of 

a few km/s 



V/σ vs. anisotropy 

• At first pericenter 

passage all dwarfs 

lose much rotation 

and the bar is formed 

• Those dwarfs that end 

up more isotropic also 

end up with less 

rotation 



V/σ vs. shape 

• At first pericenter 

passage all dwarfs 

lose much rotation 

and the bar is formed 

• Those dwarfs that end 

up more spherical 

also end up with less 

rotation 



Simple example 

• A simulated prolate dSph 

galaxy 

• When observed along 

the longest axis  

    Mfit > Mtrue 

• When observed 

perpendicular to the bar 

Mfit < Mtrue 

 

Łokas et al. 2010 



Contamination by stripped stars 

• Number of contaminating stars depends on the line of sight 

• Contamination is largest for the line of sight along the tails 

Klimentowski et al. 2007, 2009 



Tails on different orbits 

Orbits of different size  

and eccentricity: 

Łokas & Kazantzidis, in prep. 



Orientation  

of the tails 

• Angle between tails at 9-10 

kpc from the dwarf and the 

line of sight of an observer at 

GC 

• For most of the time the tails 

are oriented close to the line 

of sight 

• Tidally stripped stars must 

contaminate kinematic 

samples 



Density 

of the tails 

• Density of the tails in terms 

of the number of stars 

contained in a sphere at 9-10 

kpc from the dwarf  

• Density is largest on the way 

from the pericenter to 

apocenter 

• Contamination is more 

important for dwarfs moving 

away from us 



Conclusions 

• Tidally formed dSphs are not spherical, stellar 

orbits are not isotropic (not β=const either), and 

they retain some rotation 

• The dynamical properties are correlated: dwarfs 

that are more spherical also are more isotropic 

and retain less rotation 

• Kinematic samples are most strongly 

contaminated for dwarfs approaching apocenters 

• Density distributions of stars and dark matter are 

also strongly affected 


