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Tangent Point Method to Estimate Galactic Rotational Velocity

Maximum velocity is for the 
material at tangent point



The BU‐FCRAO Milky Way Galactic Ring Survey; Simon et al. 



Milky Way Rotation Curve Bhattacharjee 
et al (2014 ApJ) (see next slide for source of data)et al. (2014, ApJ) (see next slide for source of data)



Different tracers of rotation curve in the disk of the Galaxy, used by
Bhattacharjee et al (2014 ApJ) “Rotation Curve of the Milky Way out to 200Bhattacharjee et al. (2014, ApJ) Rotation Curve of the Milky Way out to 200
kpc” (a compilation of results from other work)



Rotation Curve of Milky Way

Spiral galaxies : central spherical bulge + circular disk. Stellar and gas distribution is 
different in the bulge and the disk



Rotation Curve of Milky Way

The bulge has a roughly constant density of stars

Mass enclosed within a radius rMass enclosed within a radius r

Rotational velocity in the bulge

In the disk the stellar density declines exponentiallyIn the disk, the stellar density declines exponentially

r M(r)

ρ M(r)



Rotation Curve of Milky Way

Disk : Bulge :

Rotation Curve of Spiral Galaxies Expected from the 
Observed Distribution of Luminous MatterObserved Distribution of Luminous Matter
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Rotation Curve



Rotation Curve of Milky Way

Observed

From Dark Matter Halo
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Rotation Curves of Spiral Galaxies : 

Evidence for Dark MatterEvidence for Dark Matter



Rotation Curves of Spiral Galaxies : 

Evidence for Dark MatterEvidence for Dark Matter

Missing mass ~ 10 times the luminous massg

Dark matter in the halo. Large dark matter in the disk cang d d
disturb the long-term stability of the disk against tidal
forces.

Some fraction of dark matter in the disk can be baryonic -
di (b d f bl k d f ) d lldim stars (brown dwarfs, black dwarfs), and compact stellar
remnants (neutron stars, black holes)

The dark halo emits no light and thus has a
completely unknown spatial distributioncompletely unknown spatial distribution.
Density profile of dark matter in the halo



Mass(es) of the Milky Way

Stellar mass ~ 1010 M (all sky surveys, point source counting)

ISM mass ~ 109 - 1010M (H I 21 cm surveys)

L i (S ll ISM) 1010 MLuminous mass (Stellar + ISM)  ~ 1010 M

D i l 1012 MDynamical mass   ~ 1012 M
dominated by dark matter (from rotation curve)


