
Discrete dynamical modelling 
of Local Group stellar systems

Why discrete fitting?
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Using discrete datasets is not always possible.  For nearby galaxies with 
unresolved imaging and spectroscopic data, nature has already binned the 
data for us.  In these cases, binned data is the best we can do, and the 
dynamical models developed to study these objects have been proven to 
work very well indeed.
  However, where it is possible, discrete fitting has many advantages:

★ No loss of information
Figures 1 and 2 highlight the loss of information incurred by binning a 
sample of stars.  Figure 1 contained 1982 Carina stars for which line-of-
sight velocities have been measured.  Figure 2 shows the same sample in 
radial bins, of which there are just 27.

★ Improved membership selection
When binning, membership selection has to be done before binning; any 
misclassification will lead to systematic errors in the binned kinematics.  
Figure 4 shows how significant contamination can be.
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No loss of data, improved membership
selection, chemical tagging.

How?
Our end goal is to develop discrete Schwarzschild methods;  these are 
orbit-based models, which have the advantage of requiring fewer 
assumptions than moments-based methods (such as the solution of the 
Jeans equations).  However, they are also more complex and 
computationally expensive than moments-based methods.  As such, we are 
currently using discrete Jeans methods to test our techniques before 
extending our study to orbit-based methods.

First Jeans then Schwarzschild.

The problem with binning
For many objects in the Local Group - some 
globular clusters, a handful of the classical 
dwarf spheroidals, the Milky Way itself - there 
exist large, high-quality, discrete datasets.

Unfortunately, typically analyses do not 
realise the full potential of these beautiful 
datasets. The data is usually spatially binned, 
resulting in an unfortunate, and mostly 
unnecessary, loss of information.

To compound the problem, the models 
employed are often overly simplified and 
make several assumptions which are not 
always astrophysically justified.  This 
significantly reduces the number of reliable 
and robust results.

Dynamical models using binned 
data work by first calculating the 
velocity distribution in a given bin 
- mean, dispersion and higher 
order moments where the signal-
to-noise is high enough - as 
shown in Figure 6.  Then, for a 
given model, the predicted and 
observed velocity moments are 
compared.

Figure 1: Carina line-of-sight velocity sample from 
Walker, Mateo & Olszewski (2009) containing 1982 stars.

Figure 2: Carina line-of-sight velocity 
dispersion profile from Walker et al. (2009).  
The data has been spatially binned, vastly 

reducing the number of data points to just 27.

Figure 3: Dispersion versus half-light radius 
for Carina - data from Walker et al. (2009).  

Now with a single data point.

With discrete fitting, we can 
assign stars a probability of 
membership and include this 
probability in a maximum 
likelihood analysis.  Any star 
not well-fit by the best-fit 
model can be removed from 
the sample and the model 
refined.  There is an added 
bonus that the “rejects” might 
also be of interest, perhaps 
they are a stream or other 
substructure.

★ Chemical tagging
We would also like to 
incorporate chemical 
information into our models. 
This has been done before (eg. 
for Sculptor, Battaglia et al. 
2008) but only with binned 
data and hard cuts were used 
to separate metal-poor from 
metal-rich stars - Figure 5 
shows why this is not ideal.  
With discrete fitting, we can 
use maximum likelihood 
methods to determine 
membership probabilities in 
the metal-poor and metal-rich 
subsets.

Figure 5: Metallicity distribution function for 
Omega Centauri from Johnson & Pilachowski 

(2010).  It is clear that ωCen has multiple 
metallicity components but that they cannot be 
simply distinguished with hard metallicity cuts.

For discrete data, we do not have a 
velocity distribution at any point, only a 
single velocity value - as shown in Figure 
7.  We now turn to Maximum Likelihood 
methods and ask: what is the likelihood 
of observing velocity v at (x,y) given that 
the model predications at that point.

Figure 6: Binned velocity moments for the 
Omega Centauri line-of-sight velocity sample 

of van de Ven et al. (2006).

Figure 7: Same sample as for Figure 
6, now not binned and coloured 

according to line-of-sight velocity.

Science goals
With these discrete fitting methods, we hope to:

★ better constrain the dark matter content of dwarf galaxies, in particular the 
cored or cusped nature of their central regions,

★ address the presence (or absence) of intermediate mass black holes and dark 
matter in globular clusters,

★ identify in phase space fossil records of Galactic formation.

Dark matter, IMBHs, 
fossil records.
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Figure 4: Likelihood that a model has a given 
membership probability for Carina and Fornax.  
Fornax is clean, Carina has high contamination.


