
dark matter in spiral galaxies

• extended rotation curves 
(core/cusp: Nancy)

• kinematics of satellite galaxies (Omar)

• kinematics of polar rings (Caroline)

• weak galaxy-galaxy lensing

• extent of tidal tails

• flaring of outer gas disks

• .....

mass, size and shape of the halo

Stellar streams in the halo of the Milky Way

Discovery of the Sagittarius dwarf spheroidal 
nearly behind the Galactic Center

Ibata et al. (1994)



An all-sky view of the Sgr stream from 2MASS

Majewski et al. (2003)

11 < Ks < 12
1.0 < J-Ks < 1.05

12 < Ks < 13
1.05 < J-Ks < 1.15

M giant stars

Spatial orientation of the Sgr stream



Simulation of the formation of the Sgr stream.

Law et al. (2005)

From N-body simulations:

Mhalo (<50 kpc) = 3.8!5.6x1011 M!

Fitting both:

• velocity gradient in trailing debris

• apocenter of leading debris

However:

Orbital precession suggests an oblate halo,
   while
velocities of older leading debris suggest a prolate halo.....

(assuming an axisymmetric system)



Evidence for triaxiality

Axisymmetric models:

Black: best fitting 
leading arm precession.
                     (q=0.97)

leading

trailing
Green: best fitting
leading arm velocities.
                     (q=1.25)

Red:  best fitting 
          triaxial model.

Only a triaxial halo model 
can fit all observables.

Best fitting triaxial dark matter halo model

b/a = 0.83
c/a = 0.67

a

bcNotes:

Disk is forced in one of the 
symmetry planes of ellipsoid.

Only representative 
for R<60 kpc.

No twisting of ellipsoid is 
allowed in modelling.



More streams have been found, useful for refining the halo model.

from SDSS

Stellar streams in other galaxies



Instead of modelling coherent stellar streams, one can also 
study the kinematics of ensembles of individual objects 
such as globular clusters and halo stars.

Battaglia et al. (2005) used radial velocities of 240 halo objects:

    44 globular clusters 
  130 FHB stars
    57 red halo giants
      9 satellite galaxies.

Vhel is converted into VGSR 
by correcting for 
the sun’s motion.

!GSR is measured 
in radial bins
out to 120 kpc.

Note the small 
number of objects 
in the outer bins!
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Battaglia et al. (2005)



For a spherical halo, the Jeans equation states:
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Note the mass-anisotropy degeneracy.

• "!(r) is unknown for r>50 kpc but extrapolate "!(r) " r!3.5

• Radial dependence of # is unknown; assume #=constant

• Convert !GSR into !r

From this follows Vc of the dark matter halo out to 120 kpc.

Three halo models
Pseudo-isothermal NFW Truncated Flat

Rc vs #
(Mvir , c) vs #

Mass vs #

incompatible with data Mhalo = 0.8+1.2
-0.2x1012 M!

c=18  ,  !0.3###1

Mhalo = 1.2+1.8
-0.5x1012 M!

# = !0.50 ±0.4



From SDSS, Xue et al. (2008) selected 2400 Blue Horizontal Branch stars,

Based on colour-colour and spectral properties.
and measured radial velocities.

The observed distribution of  Vlos is compared to the results of 
‘mock’ observations from two different numerical simulations.

From the observed !los,  Vcirc of the 
MW can be estimated by scaling the 
models appropriately.



Milky Way rotation curve decompositions

NFW halo contracted NFW halo

Mvir = 0.8!1.2x1012 M!

Probing the dark matter halo of the MW with micro-lensing. 

Searching for dim compact baryonic objects like: 

• free-floating Jupiter-like planets

• faint brown-dwarfs

• stellar remnants (cooled-down WDs, NSs, stellar mass BHs)

Monitor dense star fields in the Galactic bulge and the Magellanic Clouds.

Expected light curves :

• have a characteristic shape

• are colour independent

Micro-lensing event 
detected against the 
MW bulge by the 
OGLE collaboration.

• last minutes to months

• do not repeat
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Frequency and characteristics of micro-lensing events provide information 
on the density and distribution of MACHO’s in the Milky Way halo.

Many micro-lensing monitoring experiments 
have been carried out or are ongoing.

The EROS-2 project (Tisserand et al. 2007) monitored 
33 million stars in the LMC and SMC over 6.7 years.

They found only 1 event while 39 events would have been expected 
if the dark matter halo consisted entirely of objects with ~0.4M!, and 

conclude that objects with 6x10!8 M! < M < 15 M! are ruled out as 

the main constituents of the DM halo.

The MACHO project (Alcock et al. 2000) monitored 11.9 million stars in 
the LMC over 5.7 years and found 13-17 events while 2-4 were expected.

The spatial distribution of event is consistent with a diffuse extended 
lens population in the halo’s of the MW or the LMC. They conclude 
that the DM halo may consist for 20% out of macho’s.


