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The GALAH survey 

•  Using HERMES spectrograph at AAT in Australia 

•  Fed by 2dF fibres: ~360 stars per field 

•  R=28,000, 4 simultaneous wavelength channels 
•  Up to 29 elements per star 
•  light: Li, C, O, Mg 

•  alpha: Si, Ca, Ti 

•  odd-Z: Na, Al, K 
•  iron peak: Sc, V, Cr, Mn, Fe, Co, Ni, Cu, Zn 

•  s-process: Rb, Sr, Y, Zr, Ru, Ba, La 

•  r-process: Ce, Nd, Eu 
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The GALAH survey 

•  12<V<14, no colour selection 

•  |b|>10, ρ>400/π deg2 

•  Goal of  106 stars 
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The GALAH survey 

•  12<V<14, no colour selection 

•  |b|>10, ρ>400/π deg2 

•  Goal of  106 stars 
•  Expectation from Galaxia: 
•  ~75% thin disk 

•  ~24% thick disk 

•  ~1% bulge 
•  ~0.1% halo 

•  Dwarfs to ~2kpc, giants to ~5 kpc 

Ø Different selection makes GES and  
GALAH very complementary 

12<V<14, 10<|b|<45, Dec<10
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GALAH: progress so far 

•  Pilot survey, Nov 2013 - Jan 2014 
•  26 nights, 3 main projects 

•  Thin-thick disk normalisation (28 fields) 

•  Star clusters (M67, 47 Tuc, ω Cen, NGC 1851, NGC 288, NGC 
362) 

•  CoRoT co-observing (7 anticentre fields) 
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GALAH: progress so far 

•  Main survey: 77 nights since Feb 2014, 200 more requested 
through Jan 2017 
•  Lose 28% to weather (plus a bit to seeing) 

•  In 60 nights so far 
•  76688 stars in 216 fields 

•  Of those, 5992 stars/17 fields are in the Kepler-2 campaign 
regions 



GALAH: progress so far 
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GES plus GALAH 

•  So with 32042 stars in iDR2/Targets and 64016 reduced 
GALAH stars, what do we have in common? 
•  32 FLAMES stars 

•  15 UVES stars 



GES plus GALAH 

•  We have run 7589 stars through the Theremin pipeline, as a 
test  



GES plus GALAH 

•  We have run 7589 stars through the Theremin pipeline, as a 
test  
•  2 of  these are in iDR2 

•  1750 iDR2 stars are in the same line of  sight as the preliminary 
Theremin stars 



GES plus GALAH 

•  We have run 7589 stars through the Theremin pipeline, as a 
test  
•  2 of  these are in iDR2 

•  1750 iDR2 stars are in the same line of  sight as the preliminary 
Theremin stars 



GES plus GALAH 

•  We have run 7589 stars through the Theremin pipeline, as a 
test  
•  2 of  these are in iDR2 

•  1750 iDR2 stars are in the same line of  sight as the preliminary 
Theremin stars 

•  This allows direct comparisons (very good for testing!) but 
also a search for trends (since we sample to different depths 
with the same type of  star) 
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•  Using those “line of  sight” stars, find high complementarity 
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of Teff > 3540 K. A small bias is present at larger distances,
but it is significantly smaller than for the sample without a
surface gravity cut, and mostly affects stars of higher metallicity
([M/H] ! 0.3). This bias is predominantly a concern for
the inner Galaxy, where more metal-rich stars may exist in
larger numbers. Existing measurements of bulge stars (e.g.,
Zoccali et al. 2008; Gonzalez et al. 2013; Ness et al. 2013)
suggest that metal-rich stars are actually less prominent there
than they are in the TRILEGAL simulations, so the bias
in the actual data may be smaller than is present in our
simulations. Future work (A. Garcia Perez et al. in preparation)
will consider the MDF of the bulge as derived from APOGEE
observations.

The simulations suggest that limiting the sample to log g >
0.9 avoids significant bias in the mean metallicities, although
this does rest on the assumption that the MDF of the simulation
is representative of the real Galaxy. In general, however, a viable
test for biases can be made by measuring the extent to which the
MDFs (or mean metallicities) change as the sample is restricted
to stars of higher surface gravity.

2.2.2. Biases from Distance Determination

Our method of distance determination is not expected to
have a strong sensitivity to metallicity, because the dominant
parameter that constrains the distance is the observed surface
gravity, and this depends only weakly on metallicity. We verified
this expectation by recovering distances from a TRILEGAL
simulation where errors in metallicity, surface gravity, and
temperature were added according to our estimates of how
accurately they are measured by APOGEE (100 K in Teff , 0.1 dex
in [M/H], and 0.2 dex in log g). No significant trend in distance
error is seen with the input error in metallicity. Instead, as
expected, the distance errors are significantly correlated with
the input error in surface gravity.

Another bias could arise from the use of expected density
distributions for each Galactic component in our Galactic model
priors. However, we did not include any assumption about the
MDF of the different Galactic components in the priors that we
used for the distance determination (i.e., the metallicity of a star
did not preclude it from falling at any distance or belonging to
a particular Galactic component). We have also verified that,
qualitatively, the results are not significantly different when
we remove the use of distance priors altogether for the bulk
of the disk sample. An exception is for stars in the direction of
the bulge, for which the density distribution of the prior drives
the distances to larger values; while we present results of these
stars in this paper, we restrict most of the discussion to stars
with R > 3 kpc.

3. RESULTS

To determine mean metallicities, we use a sample that
includes all stars from the APOGEE DR10 release that were
targeted as part of the “main survey” (i.e., we did not include
special targets; including stars in clusters, calibration stars, stars
observed for ancillary programs, etc.), have log g > 0, have
S/N > 80 per pixel in the combined spectrum, and are
not flagged as bad by the ASPCAP pipeline (which includes
flagging stars near the grid edges as bad; see the DR10 Web
documentation26 for more details). In addition, we consider only
stars less than 3 kpc from the Galactic mid-plane (|z|). These
selection criteria yield a sample of 19,662 giants.

26 http://www.sdss3.org/dr10/irspec/
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Figure 3. Top: a face-on view showing the stellar density in the APOGEE DR10
sample for stars with |z| < 2 kpc and log g > 0.9. The Galactic center is at (0,
0), while the Sun is located at (−8,0 kpc). Bottom: the spatial density of targets
in the R − z plane. There are more targets above than below the plane, and more
targets in the anti-center direction.
(A color version of this figure is available in the online journal.)

Figure 3 displays the observed number of stars in different
Galactic zones for this sample. The top panel shows a face-on
view of the Galactic disk, while the bottom panel shows an
edge-on view in Galactocentric radius and distance from plane.
The year 1 sample contains stars covering 0 < R < 15 kpc and
−3 < z < 3 kpc (mostly at z > −1) from the plane. There
are significantly more stars in the anti-center direction because
more fields were completed in that direction during the first year
of observation.

To consider whether we are likely to have metallicity biases
in the sample, the top panel of Figure 4 presents the difference
between the mean metallicity of stars in the full sample to the
mean metallicity of stars in a sample with log g > 0.9, and the
bottom panel shows the ratio of a log g > 0.9 to log g > 1.2
sample, as a function of Galactocentric radius and distance
from the plane. These results suggest that metallicity biases are
significant only in the inner Galaxy, at R < 5 kpc for the full
sample, and that a sample with log g > 0.9 is not significantly

6
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Figure 4. Top: difference in mean metallicity of the full sample compared to
that of the log g > 0.9 sample. The difference in mean metallicity is large in
the inner Galaxy (R < 4 kpc), which is where the bias from the ASPCAP grid
edge impacts our results. Bottom: same as above, but between the log g > 0.9
and log g > 1.2 samples. The difference in metallicity between these samples
is small, and generally less than 0.1 dex, implying that a more stringent surface
gravity cut is not required to account for the metallicity bias introduced by the
restriction to Teff > 3540 K.

affected by biases for R ! 3 kpc. We adopt the log g > 0.9 cut
for this paper, and future references to the data set include this
cut unless otherwise noted.

While we include the data at R < 3 kpc in our results, the
main focus of this paper is on the disk at R ! 3 kpc because
of the potential remaining biases in the inner regions, and also
because our data contains relatively few stars in these regions.
In addition, the inner regions may contain stars from structural
components that might be distinct from the disk, i.e., the bulge
and bar. We note that significant additional data were obtained
for the inner Galaxy during APOGEE commissioning. These
data are not included here because of our desire to work with a
homogeneous sample; however, a future paper (A. Garcia Perez
et al. in preparation) will discuss the bulge population, including
results from commissioning data, in greater detail.

3.1. Mean Metallicity Maps

Our main result is shown in Figure 5. The top panel shows
the mean metallicity of the log g > 0.9 sample in 0.2×0.2 kpc2

bins in Galactocentric radius and distance from the Galactic
plane. In all zones, there is a substantial metallicity spread well
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Figure 5. Top: the mean metallicity as a function of R and |z| for our sample
of stars with log g > 0.9, in zones of 0.2 × 0.2 kpc2; a minimum of four stars
is required to show a bin. The mean metallicity is roughly constant in the inner
Galaxy close to the plane, and a negative gradient is clearly seen for populations
with R ! 6 kpc. The mean metallicity also decreases rapidly with height about
the plane, and the radial gradients are less pronounced at larger heights about
the plane. Middle: the standard deviation in metallicity at different locations
in the Galaxy. The standard deviation at each location is much larger than the
errors in metallicity for a single star. Bottom: the number of stars in each zone.

in excess of the expected abundance accuracy of 0.1 dex for
an individual star; this is quantified in the central panel, which
presents the standard deviation in each bin. The bottom panel
gives the total number of stars in each bin.

Several features are immediately evident from Figure 5.

1. There are significant vertical metallicity gradients (see
Section 3.3.1).

2. The vertical gradient is steeper in the inner regions of the
Galaxy than in the outer regions (see Section 3.3.1).

3. The radial variation in mean metallicity decreases as one
moves away from the plane (see Section 3.3.2).

4. In the plane, while the overall radial gradient is negative, it
appears to flatten in the inner regions (see Section 3.3.2).

5. The spread in metallicity is everywhere larger than the
uncertainty in the abundance determination; in the plane,
the variation appears to be larger at smaller Galactocentric
radius, and it also appears to increase as one moves above
the plane.

APOGEE’s red giant sample likely includes stars of a wide
range of ages, so the observed metallicity map is almost certainly
averaging over multiple populations of stars. In the case of a
constant star formation rate where the distribution in stellar ages
in the Galaxy is flat, isochrones suggest that the median age of
giants is several Gyr, but depends on the luminosity of the giants:
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In summary 

•  GALAH and GES: designed differently, very 
complementary 

•  GALAH: proceeding well 

•  Combining the data sets: makes new possibilities 


