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What processes might determine galaxy disk structure? 

In particular, what processes set the exponential radial and 

vertical profiles seen in the stellar distributions of galaxy 

disks? 

Rix & Bovy 2013, Astron. Astrophys.  Rev. 21,  61
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What processes might determine galaxy disk structure? 

In particular, what processes set the exponential radial and 

vertical profiles seen in the stellar distributions of galaxy 

disks? 

Were all or most stars born from a well-settled gas disk 

near the disk plane and acquired their vertical motions 

subsequently? 

Or was some fraction of disk stars formed from very 

turbulent gas early on (e.g., Bournaud et al. 2009; 

Ceverino et al. 2012), forming a primordial thick disk? 

Rix & Bovy 2013, Astron. Astrophys.  Rev. 21,  61
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N-body simulations
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Two cases of  a Milky Way-like galaxies:

a. BARRED DISK GALAXY, produced by instability of a stellar disk 

(Tab. 2) within a DM halo (Tab. 1)

b. UNBARRED DISK GALAXY, including an additional massive 

central bulge (Tab. 3)

N-body simulations

Barred galaxy: 

density distribution of 

the disk particles 

after a dynamical 

evolution of T= 6 Gyr 

(Curir et al. 2012, A&A, 545, A133)
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Radial metallicity gradient

Initial condition. Each

particle in the initial

configuration is

tagged with a [Fe/H]

label according to the

initial radial chemical

model S2IT from

Spitoni & Matteucci

(2011).

T = 0“Sun”
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Radial metallicity gradient

AMAZE/LSD data shows examples

of “inverted” positive metallicity

gradients among face-on

undisturbed disk galaxies at z ~3.

(Cresci et al. 2010)
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Thick disk: 

Chemo-kinematic signatures
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N-body simulation

(20 million particles)

Evolution of the median

radial chemical

distribution of a

simulated barred Milky

Way-like galactic disk.

(Figure from Curir et al.

2014, ApJ, 784, L24).

“Sun”

Radial metallicity gradient

The secular disk evolution does not seem significantly the disk 

chemical profiles in both the barred/unbarred disks examined
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Observations 1:  APOGEE

1.5 kpc < |z| < 3 kpc

0.8 kpc < |z| < 1.5 kpc

0.4 kpc < |z| < 0.8 kpc

0.0 kpc < |z| < 0.8 kpc

Anders et al. 2014, A&A, 564, A115

Radial metallicity gradient
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Observations 2: 

(Carrell et al. 2012, ApJ, 144, 185)

Radial metallicity gradient
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Observations 2: 

(Curir et al. 2014, ApJ, 784, L24 )

vs. Simulations

(Carrell et al. 2012, ApJ, 144, 185)

Radial metallicity gradient
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Radial metallicity gradient

Observations 

(Carrell et al. 2012)

Simulations: 

T = 6.1 Gyr ;  7.0 < R < 10.5 kpc

(Curir et al. 2014, ApJ, 784, L24 )
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Rotation - metallicity correlation

Simulations Observations

(Curir et al. 2012, A&A, 545, A133) (Spagna et al. 2010, A&A, 510, L4)

40-50 km/s/dex

1.5 kpc < |z| < 3.0 kpc
100 km/s/dex

1.5 kpc < |z| < 2.0 kpc (T=5 Gyr)
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(Adibekian et al. 2013, A&A, 554, A44)

Rotation - metallicity correlation
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Vertical velocity distribution

(Haywood et al. 2013, A&A, 560, A109
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Vertical velocity distribution

N-body simulation: Unbarred disk 
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N-body simulation: Barred disk 

Vertical velocity distribution
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Vertical spatial distribution

Unbarred disk Barred disk 

(Spagna et al. 2015, in preparation )
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Conclusions

• A V vs. [Fe/H] correlation (Spagna et al 2010) can be produced  in a Milky 

Way –like disk, if we assume an initial radial chemical gradient as suggested 

by Spitoni and Matteucci (2011) in their chemical evolution model for an early 

disk

• The [Fe/H]  vs. R gradient recently observed in the MW thick disk  (eg. Carrell 

et al. 2012) can also be reproduced by such a model

• The secular disk evolution does not affect significantly the disk chemical 

profiles in both the barred/unbarred disks examined

• We found that the presence of a strong bar can increase significantly the 

vertical velocity dispersion, Vz , and the thickness,  hz , of the whole inner 

disk.


