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Defining stellar populations.
Abundances from :

Adibekyan et al 2012,

Nissen & Schuster 2010

F & G dwarfs in the solar vicinity 
High S/N, high resolution sample from Adibekyan et al. 2012 
and Nissen & Schuster 2010
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Separating the thick and thin disk in alpha abundances is difficult because  
we don’t really understand the interface between the two populations



Definition based on kinematics Definition based on age

Bensby et al. 2014

‣Thick and thin disk sequences much more cleanly defined when the 
age information is known
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Abundances from :

Adibekyan et al 2012,

Nissen & Schuster 2010

Even with the age information, how do we read the 
evolution from this plot ? 
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Abundances from :

Adibekyan et al 2012,

Nissen & Schuster 2010

Two separate evolutions of the thick and thin disks?

Even with the age information, how do we read the 
evolution from this plot ? 
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Abundances from :

Adibekyan et al 2012,

Nissen & Schuster 2010

A unique  track ?

Even with the age information, how do we read evolution 
from this plot ? 

➡ More information is needed
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Defining stellar populations.

Using extra information: 
Metal-poor thin disk stars are not part 
of the inner disk (R<7kpc): 
they are outer disk (R> 9kpc )objects 
(Haywood 2008; Bovy et al. 2012)
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Defining stellar populations.

Haywood et al. 2013

(Abundances from Adibekyan et al 2012)

The inner disk sequence

Advantages of using alphas as population tracers: 
1/ They correlate with age (Bovy et al. 2013, Haywood et al. 2013) 
2/ Their variation with age correlates with the SFR intensity 



thick d
isk

Defining stellar populations.
Haywood et al. 2013

(Abundances from Adibekyan et al 2012)

‣  The thick disk was formed over a period of 4-5 Gyr 
‣   The thick disk formation was an homogeneous process 



thin disk

‣  The thick disk set the initial conditions from which  
the thin disk was formed. There is continuity between the two

Haywood et al. 2013

(Abundances from Adibekyan et al 2012)

‣  The thick disk was formed over a period of 4-5 Gyr 
‣   The thick disk formation was an homogeneous process 

Defining stellar populations.



Fitting chemical tracks to the α-age relation yields the 
SFH  ➡   we need a model 

Defining stellar populations.
Different α-enrichment 
regimes correspond to 
different SFR intensity



Outline.

1 - Defining stellar populations 

2 - The Star Formation History of the Galaxy 

3 - The structuration of the disk 

4 - Why are thick disks important ?



What model ? 
We want huge quantities of gas available for consumption in the first 
Gyrs of evolution. Why ?  

The Star Formation History of the disk.



Sun

What model ? 
We want huge quantities of gas available for consumption in the first 
Gyrs of evolution. Why ?  

Vertical scale height versus radial scale length,  
color coded by [alpha/Fe] 
SEGUE data, Bovy et al. 2012

The Star Formation History of the disk.

density

R



Sun

Vertical scale height versus radial scale length,  
color coded by [alpha/Fe] 
SEGUE data, Bovy et al. 2012

The thick disk has a short  
scale length  

‣  it implies that it is massive

The thick disk could be as massive as the thin disk

What model ? 
We want huge quantities of gas available for consumption in the first 
Gyrs of evolution. Why ?  

The Star Formation History of the disk.

density

R



➡ Instead of minimizing the amount 
of gas (= choice done by infall 
models to overcome the G-dwarf 
problem) we should try to 
maximize it 

 

Carilli & Walter, 2013
Disks at high z (z>2) have a 

high (≳50%) fraction of gas

19

The model that maximizes the amount of gas at early times is 
the Closed-box

What model ? 
We want huge quantities of gas available for consumption in the first 
Gyrs of evolution. Why ?  

The Star Formation History of the disk.
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Recovering the SFH from the data…
The Star Formation History of the disk.
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the thick disk sequence is  
a temporal sequence

The Star Formation History of the disk.
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The Star Formation History of the disk.
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High-α stars pericentres reach R<2kpc 
‣   solar vicinity thick disk covers the whole inner      
disk (0-10kpc) 
‣The SFH in the thick disk phase is valid for the entire 
disk  

The Star Formation History of the disk.



Thin disk Two main periods of SFR 
corresponding to: 

1/ 13.5-8.5 Gyr :

thick disk at SFR 〜～12 M⊙/yr

2/ 7.5 Gyr - Now 

thin disk at SFR 〜～2-3 M⊙/yr

(Normalized  to have an integrated stellar mass of 5. 1010 M⊙, 

Flynn et al. 2006, McMillan 2011)

Thick disk
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The main characteristics of the MW star formation history
The Star Formation History of the disk.



Consistent with :


1/ the mass estimate for a thick disk 
scale length of ~ 2 kpc


2/ the finding that most of the mass in 
the bulge is due to the thick disk

See talk by P. Di Matteo tomorrow 

The main characteristics of the MW star formation history
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Thick disk 〜～ 50% of stellar mass

The Star Formation History of the disk.



Is the dip in the SFH real ?

SFH from the WD luminosity 
function, Rowell 2012

The age scale is different, but the SFHs are 
qualitatively similar

The Star Formation History of the disk.

A dip is also present 
in the SFH derived 
from the WDLF
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Star formation in the thick disk was an homogeneous  
and general process, Haywood et al. submitted
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‣   In agreement with the lack of gradient in the thick disk 
SEGUE: Cheng et al. 2012 
GES: Recio-Blanco et al. 2014, Mikolaitis et al. 2014

The Star Formation History of the disk.



Outline.

1 - Defining stellar populations 

2 - The Star Formation History of the disk 

3 - The structuration of the disk  

4 - Why are thick disks important ?



The solar ring (7-9 kpc) is a 
transition zone between the 
inner and outer disks

No evidence for radial mixing across the solar ring,  
otherwise we would not see such structuration

the structuration of the disk is radial, not vertical.
Bensby et al. 2014



APOGEE Anders et al., 2013

R<7 kpc 7<R<9 kpc R>11 kpc

‣The inner disk is composed of the thick disk and the metal-
rich thin disk 
‣The outer disk is made of a metal-poor thin disk 



Inner disk Solar vicinity Outer disk

Closed-box InfallMix of the two

[Fe/H]

[α
/F

e]

Age

[F
e/

H
]

The inner and outer disks had different chemical 
evolutions, Haywood et al. 2013, Snaith et al. 2014



inner disk          +          outer disk

The structuration of the disk is not vertical, but radial

the structuration of the disk.
thick disk

thin disk



Outline.

1 - Defining stellar populations 

2 - The Star Formation History of the disk 

3 - The structuration of the disk 

4 - Why are thick disks important ?



Most galaxies in the local universe are pure disks  (no classical 
bulges), see Kormendy et al. (2010), Fisher & Drory (2010), 
Laurikainen et al. (2014)

The SFH reaches its maximum between 
z=4 and 1 (e.g. Madau & Dickinson, 2013) 

Candidate structures to form at this epoch are: 

‣Classical bulges  

‣ Thick disks 

‣  Thick disks may be the most important component to form at z>1

Why are thick disks important?.

Thick disks are common in galaxies (Dalcanton, 2007; Comeron et al. 2011)



« More than half the present day 
mass was assembled in 3 Gyr 
between z=2.5 and z=1 »

van Dokkum et al., 2013



the evolution of the MW vs Milky Way type galaxies

It is the formation of the thick disk that makes the mass growth evolution of 
the MW similar to its progenitors
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Snaith et al. 2014
van Dokkum et al 2013 van Dokkum et al  2013 (selection of MW-type 

progenitors by abundance matching):

.. and also :
<<<



Conclusions: 

• The thick disk is not an isochrone population (single age, 
unique set of  structural parameters), it formed over 4-5 Gyr 

•  It formed during the most intense phase of star formation 
experienced by the Milky Way in the last 13 Gyr, representing 
~50% of the stellar mass 

• The formation of a massive thick disk makes the evolution of the 
MW comparable to the evolution of MW type galaxies 

•  The structuration of the disk is radial, not vertical, the Sun is in a 
transition zone between the inner and outer disks 

•  It requires the modeling of two different chemical evolutions (inner 
disk (thin+thick)   /   outer disk) 

 


