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Milky Way disk  (2MASS ≈ 5x108 stars)



 Thick disk of the Milky Way :

• Discovered by star counts (Gilmore and Reid 1983)

• Scale height ≈ 1.3 kpc

• Later determinations: (Robin et al. 1996, Ojha 2001, Chen et al. 

2001, Larsen and Humphreys 2003)

 



Recent determinations



      Carollo, Beers et al (2010)

      -0.8 < Fe/H < -0.6
     1 kpc  <   Z < 2 kpc



De Jong et al. 2010
   Mapping the stellar structure of the Milky Way Thick Disk



Carollo et al. (2008) 
hR = 2.2 ± 0.35 kpc 

hZ = 0.51 ± 0.04 kpc

Assymetric drift dV/dZ = -36 ± 1 km/s/kpc

De Jong et al. (2010) :    hR = 4.1 ± 0.4 kpc     hZ = 0.75 ± 0.07 kpc

Local thick disk density fraction 15 ± 4 %

Stellar density of thin disk should never amount to more than 10% at |z|>1.5 kpc

hthick = 0.75 kpc     hthin = 0.25 kpc

ρthin/ρthick ~ 46% at 1 kpc 

ρthin/ρthick ~ 12% at 1.5 kpc 



Brief sumary

•  Thick disk has larger vertical scale compared to the thin disk

•  Larger velocity dispersion

•  Rotation of the thick disk lags the thin disk 

• In solar neighborhood, thick Disk metallicity [Fe/H]  from -0.5 to 

-1.0.  However, the tail of distribution extends to  [Fe/H] = -2.0.

Thick disk of Galaxy is a separate component 
that differs by properties from the thin disks. 



THE KINEMATICS OF THICK DISKS IN NINE EXTERNAL GALAXIES
Peter Yoachim  and  Julianne J. Dalcanton, Ap.J, 2008

                                             
• Ca triplet absorption lines

• Flat Galaxies Catalog (Karachentsev et al. 1993)

• Thick disks are more prevalent in low-mass galaxies

• In the higher mass galaxies, they have failed to observe off-plane regions 

with high enough thick disk fraction    

• There is a wide range of thick-disk kinematical behaviors, including thick 

disks with substantial lag and one counter-rotating thick disk. 



Thick Disks Origin

a) Thin disk is heated kinematically

b) Stars are born in a “thick” gaseous disk

c) Accreted satellites

Joachim and Dalcanton: Difference in kinematical properties of 

the disks helps to distinguish between these scenarios.



Based on numerical simulations  Λ-CDM model Read et al. find 
that mass of stellar component in the thick disks 2 – 10 less than 
mass of the thick disk dark matter.                                   

Dark matter in our Galaxy: computer modeling

The Milky Way, contains a disk of “dark matter”.   

(Read et al. MN 2008)



 A bit of 
theory





Girard et al. 2006



0.7 < J – K < 1.1



Absolute proper motions of 
stars as a function of stellar 

magnitude



Tangential velocities 
dependences from distance to 

galactic plane.



Distributions of density, velocity 
and velocity dispersion in 
direction which is normal to 
Galactic disc. Star sample is 
complete in the range 0.5 – 3 kpc



Properties of the Disks in study:

• Thin disk:

   Radial scale length   - 2.5 kpc

   Local surface density - 43  Msunpc-2

 

• Thick disk :

   Radial scale length -  3.5 to 5.0 kpc

   Vertical scale height - 800 to 1200 pc



Properties of the sample of stars

    Approximately 1200 red giants in a cone of 15 deg in the direction to the SGP
              
   Vertical and radial velocity dispersions: 

         σw = 27.0 км/s  + 6.5 км/s/кpс * Z [kpc]
         σu = 36.4 км/s   + 20.8 км/s/кpс * Z [kpc]

   Non-diagonal component of velocity dispersion tensor:

     < σu* σw>  ~ 1000 км2/s2 
  

Girard et al. (2006) 
hZ = 0.78 ± 0.05 kpc

Asymmetric drift dV/dZ = -30 ± 3 km/s/kpc
Kinematical properties consistent with dynamical equilibrium of thick disk



Moni Bidin et al. (2010) in preparation

~1200 red giants in a 15 deg cone towards SGP

824 stars with radial velocities

Proper motions from SPM3 catalog

~300 stars selected beyond 2 kpc from Galactic Plane 



UVW 
velocity 

dispersions



<UW> cross term



Results on 
surface density 
beyond 2 kpc



For “standard parameters” of the thick disk

                            h2Rσ = hRρ = 4 kpc
                            hZρ = 1 kpc
                           Rsun = 8 kpc

The surface density of gravitating matter within 2 kpc (think and thick disks):

Σ(2 kpc) ~ 43 Msun/pc2

From 2 to 3.5 kpc: 

Σ(2 ÷ 3.5 kpc) ~ 6.6 Msun/pc2

Predicted «Dark matter disk» – ρDM ~ 0.25 – 1 ρHalo ( 0.0025 – 0.01 Msun/pc3) 

(Read et al. 2008)
This gives the surface density between 2 and 3.5 kpc about 15 Msun/pc2 

The value of dark matter in the thick disk is overestimated by Read et al. by 2-4 times 

Surface density of the thick disk (Moni Bidin et al. 2010)



Chris Mihos (Case Western Reserve University)

http://burro.astr.cwru.edu/models/models.html

http://burro.astr.cwru.edu/models/models.html
http://burro.astr.cwru.edu/models/models.html


Chris Mihos (Case Western Reserve University)

http://burro.astr.cwru.edu/models/models.html

http://burro.astr.cwru.edu/models/models.html
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Capture of a proto-ω Cen 

Tsuchiya, Dinescu, Korchagin 
(2003, 2004)



Distribution of debris of proto-ω Cen 

after disruption



Distribution of stars in galaxies adn their kinematical properties 
point at the existence of two physically distinct disk 
components, the thin and the thick disk

The vertical scale height of the thick disk varies from 0.5 to 1.5 
kpc while the radial scale length is estimated from 2 to 5 kpc

The estimate of the surface density of the thick disk of the 
Galaxy within 2 - 3.5 kpc gives the value of Σ  ~  6.6 Msun/pc2  
showing that the mass of dark matter in the thick disk can not 
dominate the mass of gravitating matter

Conclusions


