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Solar neighbourhood

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

A kinematically selected sample of 712 nearby F and G dwarf stars

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



Inner and outer Galactic disk

Outer disk red 
giants

Bensby,  Alves-Brito, Oey, 
Yong, & Melendez, 2011, 

ApJ, 735, L46

Thin and thick disk 
red giants in the solar

neighbourhood

Alves-Brito et al. (2010)

Inner disk red 
giants

Bensby, Alves-Brito, Oey, 
Yong,  & Melendez, 2010, 

A&A, 516, L13

Inner disk Outer diskSN

44 inner disk at R=4-7 kpc, and 20 outer disk K red giants, 4-7 kpc and 9-12 kpc from the Galactic 
centre, up to 3 kpc from the plane. Should probe both the thin and thick disk stellar populations



Thick disk has a short scale-length

Bensby,  Alves-Brito, Oey, Yong, & Melendez, 2011, ApJ, 735, L46

Curved lines mark the 
distance from the plane 

where thin and thick disk 
stellar densities should be 

equal

see also 
Cheng et al 2011 
Bovy et el 2012



GESiDr2

• First 18 months of 
observations

• Stellar parameters and 
abundances for18 000 
stars based on 59 000 
acquired spectra

• 7661 FLAMES-
GIRAFFE Milky Way 
field stars

• 870 FLAMES-UVES 
Milky Way field stars 
will not be considered 
here



Distances

Distances estimated for 
7024 GIRAFFE stars and 
865 UVES stars

GIRAFFE data probe much 
farther distances, while 
UVES data mainly located 
1 kpc from the Sun

The ages and absolute magnitudes of the stars were determined using the Bayesian pipeline BeSPP 
developed by Serenelli et al. (2013). Distances were then estimated using a Monte Carlo technique based 
on the probability distribution function (PDF) for the absolute magnitude obtained from the fits to 
evolutionary tracks plus the error distributions in the 2MASS Ks magnitudes, the UCAC4 proper 
motions, and the radial velocities from the GESiDr2.
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Similar signature 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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Sizes of circles prop. to age (larger = older)



Stellar ages

S/N>15

Difference between 
upper and lower age 

estimates smaller 
than 4 Gyr



Stellar ages

S/N>15

Difference between upper 
and lower age estimates 

smaller than 4 Gyr

Young stars appears to be:  
• more confined to the plane
• almost symmetrically 

distributed around R = 8 
kpc (although observations 
so far have an excess of 
stars with R<8 kpc)



Summary

• Milky Way appears to have two distinct disk populations, a thin and a thick 
disk

• A lack of high-alpha stars with R>9kpc

• An excess of high-alpha stars with R<7kpc

• Gaia-ESO targeting turn-off and subgiant stars, possible to determine 
individual stellar ages. Uncertainties are quite large due to the uncertainties in 
the stellar parameters

• Outer disk stars tend to be younger than inner disk stars, consistent with the 
low-alpha signature

• Gaia-ESO results consistent with other recent results,  
e.g., APOGEE (Nidever+2014).



To be continued…..

• Constrain the relative fraction of thin and thick disk stars as a function of 
Galactocentric radius

• New estimates on the radial (and vertical…) scale lengths of the two disks


