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The	Milky	Way	has	two	disk	popula:ons

(Gilmore & Reid, 1983, MNRAS, 202, 102) 

Thin disk:
scale height: 250 pc
normalisation: 98%

Thick disk:
scale height: 1400 pc

normalisation: 2%



Thick	disks	in	external	galaxies

Burstein et al. (1979, ApJ, 234, 829)

Bulge and thin disk profiles shown, however a third diffuse 
component is needed to fit the luminosity distribution 
perpendicular to the plane, named the “Thick disk”.



The	Milky	Way	as	a	benchmark	galaxy

Milky Way is the only 
galaxy that can be studied 
in great detail and a good 
understanding of its stellar 
populations is important 
for our understanding of 
galaxy formation in 
general

NGC 891



The	Milky	Way	as	a	benchmark	galaxy

Why does the 
Milky Way have 
two disk populations? 

Need to characterize 
them in terms of 

• velocities 
• abundances 
• ages 

Not only in the solar  
neighbourhood, but  
throughout the  
Milky Way galaxy 

?

?



Nearby	stars	-	no	selec:on

Fuhrmann (1998, 2000, 2004, 2008, 2011)

• Fuhrmann’s study is 
85% volume complete 
for all mid-F type to 
early K-type stars down 
to Mv=6.0, north of 
dec=-15o, within a radius 
d<25pc from the Sun  

• Two types of stars: 
 
1. Old stars with high  
    [Mg/Fe] ratios 
 
2. Young stars with low                     
     [Mg/Fe] ratios



Two	types	of	stars	-	high-alpha	&	low-alpha
“No” selection

Our calculations for Fuhrmann’s stars   

Appears that the distribution of ecc. and Jz differ
for low- and high-α stars

Jzecc.

Talk given at Milky Way in 3D, Heidelberg, 2012, S Feltzing

tisdag den 19 juni 2012

(data from Fuhrmann’s papers) 

Two very different distributions of eccentricity and 
Jz for low- and high-α stars



Metallici:es
“No” selection

d<25 pc
δ>–15°

δTeff

Fuhrmann (several papers + priv comm)  
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Thin disk – very narrow MDF

low-α stars

high-α

Talk given at Milky Way in 3D, Heidelberg, 2012, S Feltzing

tisdag den 19 juni 2012

(data from Fuhrmann’s papers) 

Thin disk:  
<[Fe/H]> = 0 

(see also, e.g., Nordtström et al., 2004, 
Casagrande et al. 2011) 

Thick disk:  
<[Fe/H]> = -0.6 

(see also, e.g., Gilmore, Wyse, Jones, 1995; 
Carollo et al 2010) 



Solar	neighbourhood

Thick disk  
dominates Thin disk  

dominates

Solar neighbourhood, 
in the plane: 

~90 % thin disk 
~10 % thick disk 

scale-heights: 
300 pc & 1000 pc, 

respectively

To be sure to observe thick disk 
stars, you need to go at least 2 kpc 

above/below the plane

F and G dwarf stars usually too 
faint for high-resolution studies 

at those distances!!

Thick disk  
dominates



Kinema:cal	criteria	to	select	nearby	thick	disk	stars

Probability ratios:  P(TD/D)>1  
is more likely to be a thick disk star

Gaussian velocity 
distributions, X is 

normalisation in solar 
neighbourhood 

(~90% thin, ~10% thick)



Chemistry	of	the	Solar	neighbourhood

Bensby et al. (2014, A&A, 562, A71) 

712 F and G dwarf stars in the Solar neighbourhood

Similar dichotomy seen in many other Solar neighbourhood studies, e.g., 
Bensby+2003,2004,2005,2006,2007, Reddy+2003,2006,  

Adibekyan+2012, Fuhrmann 1998,2001,2004,2008,2011, and others…..

A clear dichotomy: 

• An old and alpha-
enhanced 
population 

• Less alpha-
enhanced young 
population



A	bit	further	away

Bensby,  Alves-Brito, 
Oey, Yong, & 

Melendez, 2011, ApJ, 
735, L46

Alves-Brito et al. (2010)Bensby, Alves-Brito, 
Oey, Yong,  & 

Melendez, 2010, A&A, 
516, L13

Inner disk  
4 < Rg < 7 kpc Solar neighbourhood

No alpha-enhanced stars in the outer disk 

=> Short scale-length for the thick disk ! 

See also, e.g., Cheng et al. (2012), Bovy et al. (2012)

Outer disk  
9 < Rg < 13 kpc



Further	away	and	larger	samples	-	APOGEE

• Hayden et al. (2015), based on red giants from APOGEE DR12

Abundance gradient in the thin disk

No alpha-enhanced stars!



Further	away	and	larger	samples	-	Gaia-ESO

Lack of alpha-enhanced stars in the outer disk! 



Similar	results	seen	in	local	data

• 714 F and G dwarfs in 
the solar neighbourhood 
(d<100 pc). 

• Calculating stellar orbits 
to get  
Rmean = (Rmin +Rmax)/2 

• Almost no (old) high-
alpha stars with 
Rmean>9kpc 

• Almost no (young) low-
alpha stars with 
Rmean<7kpc

T. Bensby et al.: 703 dwarf stars in the Solar neighbourhood

Fig. 24. Median values of the eccentricity, zmax, and age for the stars in
the boxes in Fig. 22a. HAMR stars are marked by solid black circles,
potential thick disk stars by open black circles, and potential thin disk
stars by solid blue circles.

So, the question is what these stars HAMR are, where they
come from, and if they should be classified as a stellar popula-
tion of their own? And if so, is there a metallicity gap between
the thick disk and this newly founded HAMR population? To
further investigate this we will divide the sample into “mono-
abundance” populations according to the boxes in Fig. 22a. Fig-
ure 22b shows the sample but with [O/H] as the reference ele-
ment. In Figs. 24a-c we then show how the median eccentricity,
median zmax, and median age varies with [O/Fe] for the stars in
the boxes in Fig. 22a. The plots also show the 1-σ dispersions
around the median. It is evident that the eccentricity, zmax, and
age for the HAMR stars (black filled circles) follow smoothly
upon the downward trend with [O/Fe] set by the “thick disk”
stars (open circles). We also see that the “thin disk” stars (ma-
genta coloured filled circles) follow smoothly upon the trend set
by the thick disk and HAMR stars regarding eccentricity and
zmax. For the ages there appears to be a potential gap around 7-
8Gyr, indicating that the most metal-rich thick disk/HAMR stars
are older than the most metal-poor thin disk stars.

In summary, we do not find that the HAMR stars is a unique
population as claimed by Adibekyan et al. (2011), but simply the
metal-rich extension of the thick disk. This implies that the thick
disk potentially reaches metallicities as high as [Fe/H] ≈ +0.2,
somewhat higher than what we found in Bensby et al. (2007b).

8.5. Radial variation

The mean of the apo- and pericentric distances of the stellar or-
bit, Rmean, can be used as a proxy for the galactocentric radius
of the birth place for a star (e.g., Grenon 1987; Edvardsson et al.
1993). However, with the recent advancement of the theory of
radial migration, re-arranging the orbits of stars through pro-
cesses such as churning and blurring throughout the history of
the Galaxy (e.g., Sellwood & Binney 2002; Schönrich & Bin-

Fig. 25. [Ti/Fe]-[Fe/H] abundance trends for stars with different Rmean.
Only stars with ages better than 4Gyr are included.

ney 2009a,b), the usage of Rmean as a proxy for the birthplace of
a star could be dubious. We will, however, start by using Rmean
as a first approximation. Figure 25 shows the [Fe/Ti] − [Ti/Fe]
trends for stars with different Rmean, with the sizes of the cir-
cles scaled with the ages of the stars. We see that the sample
with Rmean < 7 kpc mainly contains old and α-enhanced stars
with a small fraction of younger and less α-enhanced stars. The
opposite is true for the sample with Rmean > 9 kpc that mainly
contains young and less α-enhanced stars and very few old and
α-enhanced stars. The sample with orbits that stay close to the
Sun (7 < Rmean < 9 kpc) contain stars that divide into two trends,
one with old and α-enhanced stars and one with young and less
α-enhanced stars. The age histograms in Figs. 26 further show
that the sample with Rmean < 7 kpc contains stars of all ages
with a slight over-representation of old stars, the sample of stars
with orbits close to the Sun contains mainly stars with ages less
than ∼ 8Gyr and only a few older stars, while the sample with
Rmean > 9 kpc almost only contains younger stars. These find-
ings indicate that the old and α-enhanced stars mainly come from
small galactocentric radii while the young and less α-enhanced
stars mainly come from from large galactocentric radii.

To address the question if Rmean is a valid proxy for the birth-
place we see that the abundance trends for the different Rmean
bins in Figs. 25a–c are essentially identical to the ones found by
Bensby et al. (2010, 2011b) who used 44 red giants located in
situ in the inner disk (R = 4 to 7 kpc) and 20 red giants located
in situ in the outer disk (R = 9 to 12 kpc). Especially we note
that the lack of inner disk stars with low [Ti/Fe] at low [Fe/H] in
Fig. 25a is lacking and is the same in the in situ red giant sam-
ple, as well as the lack of outer disk α-enhanced stars in Fig. 25c.
These similarities could validate the usage of Rmean.

In Bensby et al. (2011b) the lack of α-enhanced stars in the
outer disk, even if they were located far (> 1 kpc) from the plane,
was interpreted as being due to that the the thick disk had a much
shorter scale-length than the thin disk. Shortly after, Cheng et al.
(2012) used 5650 stars from the SEGUE survey and confirmed
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Bensby et al. (2014, A&A, 562, A71)

Sizes of circles prop. to age (larger = older)



Scale-lengths	in	external	galaxies

Thin disk scale-length
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Comeron et al. (2012, ApJ, 759, 98) 
Luminosity profile fitting

Thick disk 
scale-lengths  are  
longer than thin  
disk scale-lengths!



Kinema:cs

A&A 562, A71 (2014)

Fig. 17. Generalised abundance ratio histograms for the O, Mg, Si, Ca,
and Ti for stars in the interval −0.7 < [Fe/H] < −0.35. Shaded his-
tograms show stars with Teff > 5400 K. The red dash-dotted lines show
the fraction of rejected stars when selecting stars with Teff < 5400 K.

the “bad” stars with Teff < 5400 K are located in the gap area
and that the potential bimodality becomes clearer when discard-
ing the stars that are more prone to uncertainties. For all abun-
dance trends there is a large fraction of “bad” stars at the lower
and upper limits of the abundance ratios, i.e. these stars increase
the dispersion in the plots. This demonstrates that uncertainties
potentially can wash out differences between stellar populations
(see also Lindegren & Feltzing 2013, for a quantitative analysis).

6.2. The abundance pattern of the Sun

Several studies give opposing results regarding the Sun’s abun-
dance pattern relative to what is seen for the Galactic disk (e.g.
Meléndez et al. 2009; Ramírez et al. 2010). In Fig. 18 we show
the abundance ratios for young disk stars in a narrow metallic-
ity range around that of the Sun (±0.05 dex) that have upper age
estimates below 7 Gyr, and discarding stars that are more suscep-
tible to uncertainties (i.e. only keeping stars with Teff > 5400 K,
see 5.6). For most of the abundance ratios the Sun appears to be
“normal”, i.e. the lines showing the median values in the box-
plots are close to zero. For the few abundance ratios where the
central 50% fall either above or below a value of zero, the me-
dian line is still within 0.05 dex of the Sun. Based on this, the
Sun appears not to be too different from the bulk of young disk
stars in the immediate Solar neighbourhood.

6.3. Statistical definitions of stellar populations based
on kinematics

Many recent studies of the stellar disk in the Milky Way have
aimed to characterise the elemental abundances for stars that are
thought to belong to the thick and thin disks. It thus became
important to select stars that likely belong, respectively, to the
two disks. An expedient way to do this is to use kinematical
criteria such as the one from Bensby et al. (2003, 2005), and
which is outlined in Appendix A.

Fig. 18. Boxplots showing the distribution of abundance ratios
for 16 stars with Teff > 5400 K and an upper age limit of 7 Gyr, in a
narrow metallicity range around that of the Sun (±0.03 dex). Because
of large NLTE effects for Ba at higher temperatures, the Ba box has
been restricted to stars with Teff < 6000 K as well. In the boxplots the
central horizontal line represents the median value. The lower and up-
per quartiles are represented by the outer edges of the boxes, i.e. the
box encloses 50% of the sample. The whiskers extend to the farthest
data point that lies within 1.5 times the inter-quartile distance. Those
stars that do not fall within the reach of the whiskers are regarded as
outliers and are marked by dots.

Fig. 19. [Ti/Fe] as a function of [Fe/H] selected on TD/D as indicated
in each panel for stars with Teff > 5400 K. To guide the eye, the red
lines outline the thick disk abundance plateau and the decrease in the
thin disk abundance ratio, respectively.

Figure 19 shows the [Ti/Fe] – [Fe/H] abundance trends for
five different cuts in the thick disk-to-thin disk probability ratios
(TD/D) that indicate how much more likely it is that a star be-
longs to the thick disk than the thin disk. The top panel shows

A71, page 16 of 28

Kinematics: 

Using Gaussian velocity ellipsoids to 
calculate probabilities that the stars  
belong to either the thin or the 
thick disks 

TD/D = 1, equal probabilities 
TD/D>1, more likely to be thick disk 
TD/D<1, more likely to be thin disk

714 nearby dwarfs from Bensby et al, (2014)



Kinema:c	confusion
T. Bensby et al.: 714 dwarf stars in the solar neighbourhood

Fig. 20. Left-hand side plots show the [Fe/Ti] versus [Ti/H] abundance trends when using the kinematical criteria as defined in Bensby et al.
(2003, 2005). Stars have been colour- and size-coded depending on their ages. Right-hand side plots shows the abundance trends when splitting
the sample according to their ages (as indicated). For all plots we have only included stars whose ages have been better determined than 4 Gyr
(difference between upper and lower age estimates).

the stars that are at least ten times more likely to be thick disk
stars, while the bottom panel shows stars that are at least ten
times more likely to be thin disk stars. The three panels in the
middle show probabilities in between, with the middle one con-
taining stars that cannot easily be classified as either thin disk
or thick disk. What we see is that even with these very extreme
definitions of the samples there is a significant overlap in the
sense that there are stars with either classification that fall on the
abundance trend normally associated with the other population
(see also e.g. Fuhrmann 1998; Bensby et al. 2003; Reddy et al.
2006). This is an obvious consequence of this kinematical classi-
fication, as stars from the low-velocity tail of the thick disk will
be classified as thin disk stars, while stars from the high-velocity
tail of the thin disk will be classified as thick disk stars (assuming
that there are two distinct trends for the elemental abundances).

To further investigate the mixing of populations when using
kinematical selection criteria we show in the upper panel on the
left-hand side of Fig. 20 the [Fe/Ti] – [Ti/H] abundance trends
for two kinematically selected samples: one where the probabil-
ities of being a thin disk star are at least twice that of being a
thin disk star (i.e. TD/D < 0.5); and one where the probabili-
ties of being a thick disk star are at least twice that of being a
thick disk star (i.e. TD/D > 2). This time we have coded the
sizes of the markers by the ages of the stars and include only
stars with good age estimates (∆Age < 4 Gyr). It is evident that
the “second”, weaker, abundance signature in each sample has
the same age structure as the main signature in the other sam-
ple. The Toomre diagrams for the two subsamples in the bottom
panel on the left-hand side of Fig. 20 shows that the two samples
are kinematically very different, with little overlap. Hence, it is
apparent that there are kinematically cold stars that are old and

α-enhanced, as well as kinematically hot stars that are young and
less α-enhanced.

What about stellar age? Could this be a better discriminator
between the thin and thick disks? The [Fe/Ti] – [Ti/H] abun-
dance trends for two samples, one old sample with stars that
have estimated ages greater than 9 Gyr, and one young sample
with stars that have estimated age less than 7 Gyr, are shown
in the upper part on the right-hand side of Fig. 20. Once again
we see two very different chemical signatures, similar to the
ones on the left-hand-side when the selection of the samples was
based on kinematics. However, the difference is now that the two
abundance trends are somewhat “cleaner”, with less “mirroring”
between them. Looking at the Toomre diagrams for these two
age-selected subsamples (bottom panel on the right-hand side of
Fig. 20), there is a large kinematical overlap, i.e. there are many
young stars with hot kinematics and many old stars with cold
kinematics.

In summary, we note that there appears to be no perfect way
of selecting thin and thick disk stars. While velocities and dis-
tances can be pinpointed to rather high accuracies there seem
to be a large kinematical overlap between the two populations.
Ages on the other hand appear to be better, but as good ages are
notoriously difficult to obtain, there is also a significant overlap
(due to the errors). However, it appears as if stellar ages might
be a somewhat better discriminator when selecting thin and thick
disk stars from nearby stellar samples. In kinematically selected
thin disk samples we are prone to be contaminated by the low-
velocity tail of the thick disk, and especially so at lower metal-
licities, and for kinematically selected thick disk samples we are
prone to be contaminated by the high-velocity tail of the thin
disk, and especially so at higher metallicities.

A71, page 17 of 28

Two well-defined, but not perfectly clear trends

714 nearby dwarfs from Bensby et al, (2014)



Ages

Bensby et al, (2014)

Haywood et al, (2011)



Kinema:c	confusion
T. Bensby et al.: 714 dwarf stars in the solar neighbourhood

Fig. 20. Left-hand side plots show the [Fe/Ti] versus [Ti/H] abundance trends when using the kinematical criteria as defined in Bensby et al.
(2003, 2005). Stars have been colour- and size-coded depending on their ages. Right-hand side plots shows the abundance trends when splitting
the sample according to their ages (as indicated). For all plots we have only included stars whose ages have been better determined than 4 Gyr
(difference between upper and lower age estimates).

the stars that are at least ten times more likely to be thick disk
stars, while the bottom panel shows stars that are at least ten
times more likely to be thin disk stars. The three panels in the
middle show probabilities in between, with the middle one con-
taining stars that cannot easily be classified as either thin disk
or thick disk. What we see is that even with these very extreme
definitions of the samples there is a significant overlap in the
sense that there are stars with either classification that fall on the
abundance trend normally associated with the other population
(see also e.g. Fuhrmann 1998; Bensby et al. 2003; Reddy et al.
2006). This is an obvious consequence of this kinematical classi-
fication, as stars from the low-velocity tail of the thick disk will
be classified as thin disk stars, while stars from the high-velocity
tail of the thin disk will be classified as thick disk stars (assuming
that there are two distinct trends for the elemental abundances).

To further investigate the mixing of populations when using
kinematical selection criteria we show in the upper panel on the
left-hand side of Fig. 20 the [Fe/Ti] – [Ti/H] abundance trends
for two kinematically selected samples: one where the probabil-
ities of being a thin disk star are at least twice that of being a
thin disk star (i.e. TD/D < 0.5); and one where the probabili-
ties of being a thick disk star are at least twice that of being a
thick disk star (i.e. TD/D > 2). This time we have coded the
sizes of the markers by the ages of the stars and include only
stars with good age estimates (∆Age < 4 Gyr). It is evident that
the “second”, weaker, abundance signature in each sample has
the same age structure as the main signature in the other sam-
ple. The Toomre diagrams for the two subsamples in the bottom
panel on the left-hand side of Fig. 20 shows that the two samples
are kinematically very different, with little overlap. Hence, it is
apparent that there are kinematically cold stars that are old and

α-enhanced, as well as kinematically hot stars that are young and
less α-enhanced.

What about stellar age? Could this be a better discriminator
between the thin and thick disks? The [Fe/Ti] – [Ti/H] abun-
dance trends for two samples, one old sample with stars that
have estimated ages greater than 9 Gyr, and one young sample
with stars that have estimated age less than 7 Gyr, are shown
in the upper part on the right-hand side of Fig. 20. Once again
we see two very different chemical signatures, similar to the
ones on the left-hand-side when the selection of the samples was
based on kinematics. However, the difference is now that the two
abundance trends are somewhat “cleaner”, with less “mirroring”
between them. Looking at the Toomre diagrams for these two
age-selected subsamples (bottom panel on the right-hand side of
Fig. 20), there is a large kinematical overlap, i.e. there are many
young stars with hot kinematics and many old stars with cold
kinematics.

In summary, we note that there appears to be no perfect way
of selecting thin and thick disk stars. While velocities and dis-
tances can be pinpointed to rather high accuracies there seem
to be a large kinematical overlap between the two populations.
Ages on the other hand appear to be better, but as good ages are
notoriously difficult to obtain, there is also a significant overlap
(due to the errors). However, it appears as if stellar ages might
be a somewhat better discriminator when selecting thin and thick
disk stars from nearby stellar samples. In kinematically selected
thin disk samples we are prone to be contaminated by the low-
velocity tail of the thick disk, and especially so at lower metal-
licities, and for kinematically selected thick disk samples we are
prone to be contaminated by the high-velocity tail of the thin
disk, and especially so at higher metallicities.
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Ages seem to better discriminator between thin and thick disk, but 
ages are rarely available and very difficult to determine

714 nearby dwarfs from Bensby et al, (2014)



Chemistry	-	GESiDr4,	solar	cylinder	R=1	kpc
Toomre diagram: 

Abundance criterion 
produces kinematical 
samples that are consistent 
with what we currently 
know about the thin and 
thick disks in the solar 
neighbourhood: 

* alpha-rich disk lagging 
the alpha-poor disk by 
some ~40 km/s 

* alpha-rich being 
kinematically hotter 

The Gaia-ESO Survey: the radial extent of the Galactic thick disc 7

Figure 6. Toomre diagrams for the↵-rich (top panel) and the↵-poor (bottom
panel) stars that are located within a cylinder with a radius of 1000 pc cen-
tered on the Sun. Overplotted contour lines show that the ↵-rich population
peaks at V⇥ ⇡ 180 km s�1, and the ↵-poor population at V⇥ ⇡ 225 km s�1

Figure 7. The variation of [Mg/Fe] as a function of distance from the plane.
Right panel shows how the fraction of thick disc stars to the sum of thin and
thick disc stars change with Z for stars located in a cylinder with radius 1 kpc,
centered on the Sun (green line). The curve has been calculated as a running
ratio, with bin sizes equal to 30 % of the distance from the plane. Black
dashed line shows the prediction of this ratio using scale-heights of 250 pc
and 1.0 kpc for the thin and thick discs, respectively, and normalisations in
the plane of 90 % and 10 %, respectively.

3.3 The inner and outer regions of the disc

Figure 8 shows the [Mg/Fe]-[Fe/H] abundance trends for the sample
divided into nine di�erent R � Z-bins, representing the inner disc
region (Rgal < 7 kpc), the solar radius region (7 < Rgal < 9 kpc),
and the outer disc region (Rgal > 9 kpc), with each of the regions
split into three subregions with stars at di�erent distance intervals
from the Galactic plane. To guide the eye each of the subplots contain
over-plotted fiducial lines representing the typical abundance trends
for the thin and thick discs in the Solar neighbourhood. It is evident
that the chemical structures in the inner and outer disc regions are
very di�erent, with ↵-rich stars dominating the inner region, and
lacking in the outer region that instead is dominated by a slightly
more metal-rich and ↵-poor population. These properties were first
seen in Bensby et al. (2011) that studied a few dozen inner and outer
disc giants. They concluded that the lack of ↵-enhanced stars in the
outer disc, a property that has been demonstrated to be very typical
for the thick disc, could be explained if the thick disc had a much
shorter scale-length, and the thin disk a significantly longer scale-
length, than previously thought. A short scale-length for the thick
disc was later confirmed by Cheng et al. (2012b) using about 5000
SEGUE stars, by Bovy & Rix (2013) using about 16000 SEGUE G-
dwarf stars, and recently Bovy (2015) using about 15000 APOGEE
red clump stars. The inner and outer disk abundance structure seen
in Bensby et al. (2011), and in Fig. 8, was recently also seen by
Hayden et al. (2014) using about 70000 red giant stars from the
APOGEE survey.

3.4 Assuming chemical homogeneity for constant Rgal

A full three-dimensional mapping of the chemical structure of the
Milky Way stellar disc is currently not available. This is the aim
of future spectroscopic surveys as for example the 4MOST survey.
There has been some indications from the APOGEE survey that the
stars located at constant galactocentric radii, and very close to the
Galactic plane, show a variation with Galactic azimuth (Minchev
et al., in prep.), making it possible to trace the spiral structure of
the Milky Way. Our stars are not located in the plane but rather a
some distances out of it. So, for now we will assume that the spatial
structure of the Milky Way disc is homogeneous at di�erent X,Y
locations at given galactocentric radii.

3.5 Thin/thick disc fraction at di�erent Rgal

The radial extent of the thick disc

4 THIN AND THICK DISC SCALE-LENGTHS

5 DISCUSSION

5.1 Transition into the Galactic bulge

Bensby et al. (2013)

5.2 Radial migration – churning, blurring, or both?

5.3 Adding more data

Checking how the CoRoT targets compares to the results

MNRAS 000, 000–000 (0000)

[Mg/Fe]-rich

[Mg/Fe]-poor



Chemistry	-	GESiDr4,	solar	cylinder	R=1	kpc

Dashed line:  
Fraction of thick-to-thin 
disk stars using a 10% 
normalisation in the plane, 
and 300 pc and 1000 pc 
scale-heights for the thin 
and thick disks, 
respectively. 

Green line:  
The observed fraction of 
thick-to-thin disk stars, 
using alpha-enhancement 
as selection criterion

The Gaia-ESO Survey: the radial extent of the Galactic thick disc 7

Figure 6. Toomre diagrams for the↵-rich (top panel) and the↵-poor (bottom
panel) stars that are located within a cylinder with a radius of 1000 pc cen-
tered on the Sun. Overplotted contour lines show that the ↵-rich population
peaks at V⇥ ⇡ 180 km s�1, and the ↵-poor population at V⇥ ⇡ 225 km s�1

Figure 7. The variation of [Mg/Fe] as a function of distance from the plane.
Right panel shows how the fraction of thick disc stars to the sum of thin and
thick disc stars change with Z for stars located in a cylinder with radius 1 kpc,
centered on the Sun (green line). The curve has been calculated as a running
ratio, with bin sizes equal to 30 % of the distance from the plane. Black
dashed line shows the prediction of this ratio using scale-heights of 250 pc
and 1.0 kpc for the thin and thick discs, respectively, and normalisations in
the plane of 90 % and 10 %, respectively.

3.3 The inner and outer regions of the disc

Figure 8 shows the [Mg/Fe]-[Fe/H] abundance trends for the sample
divided into nine di�erent R � Z-bins, representing the inner disc
region (Rgal < 7 kpc), the solar radius region (7 < Rgal < 9 kpc),
and the outer disc region (Rgal > 9 kpc), with each of the regions
split into three subregions with stars at di�erent distance intervals
from the Galactic plane. To guide the eye each of the subplots contain
over-plotted fiducial lines representing the typical abundance trends
for the thin and thick discs in the Solar neighbourhood. It is evident
that the chemical structures in the inner and outer disc regions are
very di�erent, with ↵-rich stars dominating the inner region, and
lacking in the outer region that instead is dominated by a slightly
more metal-rich and ↵-poor population. These properties were first
seen in Bensby et al. (2011) that studied a few dozen inner and outer
disc giants. They concluded that the lack of ↵-enhanced stars in the
outer disc, a property that has been demonstrated to be very typical
for the thick disc, could be explained if the thick disc had a much
shorter scale-length, and the thin disk a significantly longer scale-
length, than previously thought. A short scale-length for the thick
disc was later confirmed by Cheng et al. (2012b) using about 5000
SEGUE stars, by Bovy & Rix (2013) using about 16000 SEGUE G-
dwarf stars, and recently Bovy (2015) using about 15000 APOGEE
red clump stars. The inner and outer disk abundance structure seen
in Bensby et al. (2011), and in Fig. 8, was recently also seen by
Hayden et al. (2014) using about 70000 red giant stars from the
APOGEE survey.

3.4 Assuming chemical homogeneity for constant Rgal

A full three-dimensional mapping of the chemical structure of the
Milky Way stellar disc is currently not available. This is the aim
of future spectroscopic surveys as for example the 4MOST survey.
There has been some indications from the APOGEE survey that the
stars located at constant galactocentric radii, and very close to the
Galactic plane, show a variation with Galactic azimuth (Minchev
et al., in prep.), making it possible to trace the spiral structure of
the Milky Way. Our stars are not located in the plane but rather a
some distances out of it. So, for now we will assume that the spatial
structure of the Milky Way disc is homogeneous at di�erent X,Y
locations at given galactocentric radii.

3.5 Thin/thick disc fraction at di�erent Rgal

The radial extent of the thick disc

4 THIN AND THICK DISC SCALE-LENGTHS

5 DISCUSSION

5.1 Transition into the Galactic bulge

Bensby et al. (2013)

5.2 Radial migration – churning, blurring, or both?

5.3 Adding more data

Checking how the CoRoT targets compares to the results
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Thick disk (high 
alpha): red points 

Thin disk (low alpha): 
blue points 



Summary

• Milky Way appears to have two distinct disk 
populations 

• The thick disk has a short scale-length 

• Galactic scale-length estimates based on chemistry 
(alpha-enhancement) 

• Scale-lengths in external galaxies based on 
morphology, giving longer thick disk scale-lengths 

• Gaia, in combination with results from the large 
spectroscopic surveys, will allow us to explore the 
thin and thick disks in terms of  ages - kinematics - 
chemistry, throughout the Milky Way


