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Motivation 
Λ-CDM simulations predict dwarf satellites to exist in large numbers 
around Milky Way size haloes (e.g., Klypin 1999). These satellites are 
thought to contribute to the formation of the host haloes through 
galactic interactions. As well as providing us with nearby laboratories 
to study the evolution of galaxies and the behaviour of dark matter in 
small  scales, the observed Dwarf Spheroidal Galaxies (dSphs) are 
also probes of the Milky Way‘s own potential.  
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METHOD: Statistical - Dynamical modelling  
Carina dSph 

Carina has an extensive data set. Although it currently is 101 kpc 
away from the centre of the Milky Way (IH95), it posseses signatures 
of tidal interaction consisting of a velocity dispersion increasing at 
large radii and a velocity gradient along the major axis. In addition, 
despite the lack of observed gas, it has three distinct stellar 
populations amongst which the youngest one is about 0.6 Gys old. 
13000 Simulations covering different halo profiles were performed.  

Summary 
We developed an MCMC based method to study the dynamical 
evolution of the dwarf galaxies in the presence of galactic tides, that 
will help breaking the mass-orbit degeneracy of the dwarfs. Probing 
the total mass will help measuring the relationship between the dark 
and luminuous mass and to address the missing satellites problem. A 
sub-set of the results for the Carina dSph is presented as a case 
study, where we find a total mass that is smaller than that predicted 
by the Λ-CDM simulations (e.g., Guo 2010), if we assume that mass 
is monotonically related to luminosity. This suggests that the 
luminosity – mass relation on these smallest scales is complex.  

Challenges 
Although dSphs are small, dark matter dominated systems (e.g., 
Mateo 1998), they have complicated evolution histories: signs of tidal 
inflation of the velocity dispersion profiles in the outer parts, extended 
or multiple star formation periods despite the lack of observed gas. In 
addition, the small sizes and large uncertainties of the data sets, and 
the degeneracies between the orbital parameters and the total 
masses also require care in the modelling. Therefore, a systematic 
study of the degeneracies between the mass and the effects of the 
tides on different orbits is needed. 

 Using a set present day proper motions             within the  observa- 
tional limits, the orbit is integrated back in a fixed potential to calculate 
the orbital paramaters of the dwarf in the past.    

 A two component progenitor is built:                           . 

 The N-body model is evolved forward in the fixed Milky Way 
potential. 

 The surface brightness and velocity dispersion profiles of the 
resulting dSph are compared to the observations. 

Markov Chain Monte Carlo  

 >13000 N-body simulations explore the parameter space. 

 Cusped, cored, and Mass-Follows-Light models are used. 

 The best values for the model parameters are determined. 

 The distribution of the good values in the parameter space is found. 

 Degeneracies between the parameters are determined.  
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Artificial data test 
Before applying our method to the Carina dSph, we test it on artificial 
data. We perform a high resolution simulation of a two component 
progenitor that is on a very eccentric orbit where Carina‘s current 
position is the apogalactic distance and obtain a dwarf which is being 
tidally disrupted by the Milky Way. We then use this simulation as our 
observed galaxy and run our MCMC pipeline to perform ~3000 
simulations exploring the parameter space. At the end we compare 
the most likely values of the model parameters to our “observation“, 
and show that the pipeline is able to find the correct values for  the 
structural parameters.  

Figure.1) Distribution of final 
halo masses within the outer 
data point, in the artificial data 
chains. We recover the true 
value of the model mass of 
l o g 1 0 ( M h ) = 6 . 8 M . T h e 
Gaussian is centred  at 
log10(Mh) = 6.6±0.3 M   . 

Figure.2) Orbit-mass degeneracy (left). The figure shows the 
distribution of the accepted cuspy halo models in the orbital 
eccentricity - total mass [M  ] scale. Total masses for cuspy 
(centre) and MFL halo profiles (right) within the outermost 
observed dispersion point.   

Future applications 

 Modelling the tidal streams as well as the satellite galaxies. 

 Modelling the host halo, by using a changing halo potential. 

We develop a mass modelling method that includes the effects of 
tides. We explore the parameter space through a Markov Chain Monte 
Carlo (MCMC) algorithm, performing thousands of medium resolution 
N-body simulations of two-component dwarf galaxies evolving under 
the influence of an external potential.  
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