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Introduction
DR12

• Basics

• H band (1.51-1.70mu)

• R=22,500, 300 fibers

• H_lim=12.2

• t_expos=3hrs

• S/N~100

• sigma_v~0.1km/s

• N=100,000

• DR12: N~163,278

• ASPCAP

• RV, Teff, logg, [M/H],[alpha/M]

• [C/M], [N/M]...
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Fig. 4.— Demonstration of the effects of the adopted dereddened color limit. (a): Uncorrected 2MASS CMD of all of the stars in the 060+00 field meeting
the survey photometric quality criteria. “MS” and “RG” indicate the regions of the CMD dominated by main sequence and red giant stars, respectively. (b):
RJCE-corrected CMD of the same stars. The inset shows an extinction-free TRILEGAL stellar populations simulation of this same field (Girardi et al. 2005).
The dashed lines indicate (J − Ks)0 = 0.5, the color limit adopted for APOGEE’s giant star sample (§4.3.2). (c): Uncorrected CMD of the stars meeting the
dereddened color requirement. Note that the broad diagonal swath of main sequence stars has been preferentially removed.

partly traced to a metallicity dependence— specifically, low-
metallicity stars ([Fe/H] ! −1.1) have redder (H − [4.5µ])0
colors than more metal-rich ones, leading to an overcorrec-
tion for metal-poor stars, which reside preferentially in the
halo fields (see further details in §6.2). Rather than adopt-
ing a field-specific intrinsic color (in effect, assuming a mean
[Fe/H] as a function of l, b), we chose to use the integrated
Galactic reddening maps of Schlegel et al. (1998, hereafter
“SFD”) as an upper limit on the reddening towards stars in
the halo fields. That is, we adopt

A(Ks) = 0.302 × E(B − V)SFD, (2)

for each star for which the E(J−Ks) value calculated from the
star’s photometry using Equation 1 is greater than 1.2× the
SFD-derived value. The conversion between E(B−V)SFD and
E(J−Ks) is taken from Schlafly & Finkbeiner (2011), and the
factor of 1.2 is used to provide a margin of tolerance, based
on the typical photometric uncertainty, when comparing the
two reddening values.
This “hybrid” dereddening method (so called because stars

in the same design can be selected with different dereddening
techniques) is applied only to 3-visit fields in the halo, with
|b| ≥ 16◦ and design ID 6919 or later. Halo fields with more
than 3 visits (i.e., those with multiple designs) are excluded
because at least some of the designs had already been drilled
during the first year of survey operations, and we elected to
preserve the homogeneity of the target selection across all de-
signs for a given field. Disk and bulge fields are excluded for
a number of reasons. First, the SFD map values are not ap-
plicable in the midplane and in regions of high extinction or
with steep extinction gradients (e.g., SFD; Arce & Goodman
1999; Chen et al. 1999). Second, we have verified that the
vast majority of the observed stars in these fields are in fact
correctly dereddened with the RJCE method alone (§6.2). Fi-
nally, most of these fields are part of a deliberate grid pattern,
with corresponding fields across key symmetry axes (such as
the midplane) already observed during the first year; there-
fore, we elected not to adopt this change to the targeting al-
gorithm that would reduce the grid’s selection homogeneity
while not actually improving the target selection efficiency.
In the end, then, a simple dereddened color selection of

(J−Ks)0 ≥ 0.5 is applied for most normal targets in the survey.
For the well-populated bulge and disk fields, we require a non-

null and positive extinction estimate (i.e., A[Ks] ≥ 0),31,32 but
for the sparse halo fields, the target density is low enough that
to fill all 230 science fibers on a plate, we often include targets
without an extinction estimate, simply requiring an observed
(J − Ks) ≥ 0.5. The exceptions are the 3-visit halo fields se-
lected with the hybrid dereddening scheme described above;
in these designs, the SFD map value is used in place of any
missing RJCE-WISE values.
The homogeneity and simplicity of the color selection

adopted here should allow for a straightforward reconstruc-
tion of the selection function and evaluation of any biases in
the final target sample, which — in large part because of this
approach — we expect to be very minor.

4.3.2. Justification of the Adopted (J − Ks)0 Color Limit
Our choice of a color cut at (J−Ks)0 ≥ 0.5 was motivated by

two main considerations: (i) to include stars cool enough for
a reliable derivation of stellar parameters and abundances via
the APOGEE Stellar Parameters and Chemical Abundances
Pipeline (ASPCAP; Garcia Perez et al., in prep), and (ii) to
keep the fraction of nearby dwarf star “contaminants” in the
sample as low as possible.
Both observational data and theoretical isochrones demon-

strate that dwarfs and giants of the same Teff span nearly iden-
tical ranges of NIR color for (J−Ks)0 ! 0.8. Solar metallicity
M dwarfs of subtype ∼M5 or earlier have a maximum color
of (J − Ks)0 ∼ 0.85 (Koornneef 1983; Bessell & Brett 1988;
Girardi et al. 2002; Sarajedini et al. 2009). Other dwarf stellar
objects — e.g., heavily-reddenedM dwarfs, M dwarfs of sub-
types later than M5 (e.g., Table 2 of Scandariato et al. 2012),
or brown dwarfs — may reach colors redder than this, but
these populations are extremely rare at the magnitudes rele-
vant for APOGEE. A simple color limit of (J − Ks)0 ≥ 0.85
would therefore eliminate the vast majority of potential dwarf
contaminants from the survey sample. However, this crite-
rion would also eliminate the RC giants, which for near-solar
31 Because the near-IR 2MASS catalog is the base catalog for the sur-

vey, this requirement translates to a requirement of a mid-IR detection.
APOGEE’s magnitude ranges are within the completeness limit for both the
IRAC and WISE surveys, so we expect nearly all non-detections in the mid-
IR data to be due to data issues in those surveys (such as proximity to bright,
very red stars) that do not impose an intrinsic-property bias on the final sam-
ple.
32 For exceptions, see Note a in Table 3.

Disk targeting:

AK=0.918(H-[4.5]-(H-[4.5])0)
E(J-K)=1.5AK

Majewski et al. 2011
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directly on their H-band (λeff = 1.66 µm) magnitude. (v) The
astrometric calibration for stars within APOGEE’s magnitude
range is sufficiently accurate (on the order of ∼75 mas29) for
positioning fiber holes in the APOGEE plugplates, even in
closely-packed cluster fields. Furthermore, the PSC contains
merged multi-wavelength photometry (the J- and Ks-bands,
with λeff = 1.24 and 2.16 µm, respectively) useful for charac-
terizing stars (e.g., with photometric temperatures), as well as
detailed data and reduction quality flags for each band.
We combine the 2MASS photometry with mid-IR data

to calculate the extinction for each potential stellar target
(§4.3). Where available, we use data from the Spitzer-IRAC
Galactic Legacy Infrared Mid-Plane Survey Extraordinaire
(GLIMPSE; Benjamin et al. 2003; Churchwell et al. 2009).
The GLIMPSE-I/II/3D surveys together span |b| ! 1◦ for
l ! 65◦ and l " 295◦, with extensions up to |b| ! 4◦
in the bulge and at select inner-Galaxy longitudes. Where
GLIMPSE is not available, we use data from the all-skyWide-
field Infrared Survey Explorer mission (WISE; Wright et al.
2010); preference is given to GLIMPSE largely because of
Spitzer-IRAC’s higher angular resolution.
To ensure that the colors and magnitudes used in the target

selection are accurate measurements of the sources’ apparent
photometric properties, we apply the data quality restrictions
tabulated in Table 3 for all potential targets. These restrictions
only apply to the “normal” APOGEE target sample; ancillary
or other special targets (such as calibration cluster members)
are not subject to these requirements.

4.2. Additional Photometry in Halo Fields
As demonstrated in, e.g., Geisler (1984), Majewski et al.

(2000), Morrison et al. (2000), and Muñoz et al. (2005), the
combination of the Washington and DDO51 filters provides
a way to distinguish giant stars from late-type dwarf stars
that have the same broad-band photometric colors. The
intermediate-band DDO51 filter encompasses the gravity-
sensitiveMg triplet andMgH features around 5150Å, and in a
(M − T2), (M−DDO51) color-color diagram, the low surface
gravity giants separate from the high surface gravity dwarfs
over a wide range of temperatures.
Our Washington+DDO51 data were acquired with the Ar-

ray Camera on the 1.3-m telescope of the U.S. Naval Obser-
vatory, Flagstaff Station. The Array Camera is a 2 × 3 mo-
saic of 2k × 4k e2v CCDs, with 0.6′′ pixels and a FOV of
1.05◦ ×1.41◦. Each of the APOGEE halo and globular cluster
fields that were observed with the Array Camera was imaged
with a pattern of six slightly overlapping pointings. At each
pointing, a single exposure was taken in each of the M, T2,
and DDO51 filters, with exposure times of 20, 20, and 200
seconds, respectively, for non-cluster halo fields, and of 10,
10, and 100 seconds for globular cluster fields. All imaging
was done under photometric conditions and calibrated against
standards from Geisler (1990, 1996).
Each image was bias-subtracted, flat field-corrected using

sky flats, and (for the T2 images only) fringing-corrected,
using the Image Reduction and Analysis Facility software
(IRAF; Tody 1986, 1993).30 For each pointing, the M, T2,
andDDO51 images were registered and stacked together. Ob-
ject detection was performed on each stacked image using

30 IRAF is distributed by the National Optical Astronomy Observatories,
which is operated by the Association of Universities for Research in Astron-
omy, Inc., under cooperative agreement with the National Science Founda-
tion.

both SExtractor (Bertin & Arnouts 1996) and DAOPHOT-II
(Stetson 1987), and the merged detection list was then used
as the source list for the individual images. DAOPHOT-II
was used to model the point spread function (PSF), which
was allowed to vary quadratically with position in the frame,
and to measure both PSF and aperture magnitudes for each
object. There were positionally dependent systematic dif-
ferences between the PSF and aperture magnitudes, which
were fit using a quadratic polynomial as a function of ra-
dial distance from the center of the FOV. While the resid-
uals around this fit were typically ∼0.01 mag, for individ-
ual frames they could be considerably larger and actually
comprise the dominant source of photometric error for those
frames. The raw aperture-corrected PSF magnitudes were
then calibrated against the Geisler (1990, 1996) standards us-
ing IRAF’s PHOTCAL package. For most nights, the photo-
metric calibrations yield rms residuals of about 0.02 mag.

Fig. 3.— Demonstration of dwarf/giant separation using Washing-
ton+DDO51 photometry. (a): (M − T2), (M−DDO51) color-color diagram
of stars in the M53 field. The dashed line indicates the dwarf locus fit for
this field, and the vertical arrow on the right demonstrates how the quantity
∆(M−DDO51) is measured. (b): ∆(M−DDO51) as a function of (M − T2)
for the same stars in panel (a). The selection box used to identify giant stars
is shown, and stars lying within this box that also meet all of APOGEE’s data
quality criteria are overplotted with open circles.

Figure 3 demonstrates the application of this Washing-
ton+DDO51 photometry to classify giant and dwarf candi-
dates. First, we defined the shape of the dwarf locus in the
(M − T2), (M−DDO51) color-color diagram using the full set
of stars with good Washington+DDO51 photometry, binning
the stars in (M − T2) and iteratively rejecting (M−DDO51)
outliers in each bin. Then, separately for each field (Fig-
ure 3 shows the halo cluster field M53), we “fit” this dwarf

Halo targeting:
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Fig. 7.— Demonstration of the effects of APOGEE’s magnitude sampling,
for the disk field 060+00. This is a 24-visit field, so the limiting magnitude
is H = 13.8. All ancillary, cluster, and other “special” targets have been
removed. (a): The shaded gray histogram shows the apparent magnitude dis-
tribution of stars meeting all quality, color, and magnitude selection criteria.
Light/medium/dark gray indicate the stars that could have been assigned to
the short/medium/long cohort(s), respectively, and the dashed lines indicate
the magnitude limits of the cohorts. The overplotted colored lines show the
(vertically stretched) magnitude distribution of stars in cohorts that have been
targeted in this field: four short (blue, orange, green, red), two medium (blue,
red), and one long (red). (b): The shaded gray histogram is again the appar-
ent magnitude distribution of all available stars in this field, and the red line
shows the total (vertically stretched) distribution of the stars that have been
targeted — the summation of the cohorts in panel (a). Note that while each
cohort’s sampling closely approximates its underlying magnitude distribu-
tion, the overall sampling is strongly biased toward brighter stars, especially
those near the faint limit of the short cohort. See text (§4.5) for additional
details.
above) will manifest itself in a higher fraction of brighter
spectroscopic targets than is observed in the candidate tar-
get pool; down-weighting those over-represented targets will
prevent the final derived property distribution (e.g., [Fe/H]
or RV) from being skewed towards those targets. This is in
essence the procedure explored by Schlesinger et al. (2012)
in their analysis of the [Fe/H] distribution of the SEGUE cool
dwarf sample, which has a much more complex selection
function than the APOGEE one described here.

4.6. Overlap with MARVELS Target Sample
For a number of designs observed during Year 1 of

APOGEE (through Spring 2012), a small additional color-
magnitude bias in the final target sample was imposed as a
result of sharing telescope time with the Multi-Object APO
Radial Velocity Exoplanet Large-area Survey (MARVELS;
Ge et al. 2008; Eisenstein et al. 2011), when plates were ob-
served with fibers running to the MARVELS and APOGEE
spectrographs simultaneously. The MARVELS targets were
selected using proper motions and optical/NIR photometry
(Paegert et al., in prep; §2 of Lee et al. 2011) but typically
inhabit the 0.3 ! (J − Ks) ! 0.9 and 5 ! H ! 12 ranges of
2MASS color-magnitude space. On co-observed plates, the
MARVELS targets were prioritized after the APOGEE tel-
luric calibrators (§5.1) but before the APOGEE science tar-
gets; thus APOGEE science target candidates falling within
the MARVELS color-magnitude selection box had a chance,

particularly in the sparser halo fields, of being selected as
a MARVELS target and made unavailable to APOGEE. Ta-
ble 6 lists those fields and designs whose plates were drilled
for both APOGEE and MARVELS fibers, using bold text to
indicate those that are intended for observation (i.e., not sup-
planted by APOGEE-only designs).
5. ATMOSPHERIC CONTAMINATION CALIBRATION TARGETS
Despite the many advantages conferred by observing in the

near-IR, two significant spectral contaminants strongly af-
fect this wavelength regime: terrestrial atmospheric absorp-
tion (“telluric”) lines and airglow emission lines. Of the 300
APOGEE fibers observed on each plate, ∼35 are devoted to
stellar targets used to trace telluric absorption, and ∼35 to
“empty sky” positions to sample atmospheric airglow. (Note
that some of the plates designed for commissioning observa-
tions had different numbers of telluric and sky targets — 25,
45, or 150 of each — used to test the number of calibrator
fibers needed.) Corrections for these contaminants are calcu-
lated for all stellar targets in a field by spatially interpolating
the contamination observed in the calibrator sources across
the field (Nidever et al., in prep).

5.1. Telluric Absorption Calibrator Targets
In the wavelength span of APOGEE, the primary telluric

absorption contamination comes from H2O, CO2, and CH4
lines, with typical equivalent widths of ∼160 mÅ. The ideal
calibrator targets for dividing out such contamination would
be perfect featureless blackbodies; to approximate this situa-
tion, we select ∼35 of the bluest (thus hopefully hottest) stars
in each field to serve as telluric calibrators. Given the !7 deg2
plugplate FOV and ∼1-hour integration duration of the indi-
vidual visits, care must be taken to account for both the tem-
poral and spatial variations in the telluric absorption across the
field. The temporal variations are incorporated by observing
the telluric calibrators simultaneously with the science targets,
and the spatial variations are monitored by selecting telluric
calibrators as follows:
The FOV of each field is divided into a number of seg-

mented, equal-area zones, with the number of zones being
approximately half the number of desired calibrators (see Fig-
ure 8). In each zone, the star with the bluest color (uncor-
rected for reddening) is selected, which ensures that intrinsi-
cally red sources with possibly overestimated reddening val-
ues (§6.2) are not included in the sample. The second half of
the calibrator sample, plus a ∼25% overfill, is composed of
the bluest stars remaining in the candidate pool, regardless of
position in the field. (Telluric calibrator candidates are subject
to the same photometric quality requirements as the science
target candidates.) This dual-step process ensures that almost
all of the telluric calibrators will come from the bluest stars
available, but also that they will not be entirely concentrated
in one region of the plate (due to, say, an open cluster or a ran-
dom overdensity of blue stars in the field). No red color limit
is imposed on this calibrator sample. The telluric calibrator
targets chosen in this way have bit apogee target2 = 9 set,
and they are prioritized above all science and “sky” targets.
We note that observations of these hot stellar targets are pro-

ducing a unique subsample of high-resolution, near-IR spectra
of O, B, and A stars, with potential for very interesting science
beyond APOGEE’s primary goals (e.g., Appendices C.7 and
C.10).

5.2. Sky Calibrator Targets

Short

Medium

Long





• 2267 common 
objects given 
NVISITS>1, good 
apogee spectra 
（ASPCAPFLAG 
bit23＝0） 

• 1566 single stars







Current Working groups
• Disk 

• Bulge 

• Halo 

• Clusters 

• AGB stars 

• Be stars 
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• dwarf galaxies



Some interesting works
• Stellar parameterization 
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• Interstellar medium 

• Wang & Jiang 2015 
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• Evolution (APOKASC) 
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• Clusters 
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• Dynamics 

• Bovy et al. 2013
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Our ongoing works
• Spatial variation in metallicity 

• Wan et al. 

• Cross-calibration 

• Chen et al. 

• Ho et al. 

• Dynamical modeling 

• Liu et al.
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Fig. 1.— The Teff versus logg diagrams for the LAMOST (lower panel) and APOGEE (upper
panel) databases based on 5626 common stars with high quality spectra (LAMOST:sng > 30,

APOGEE:sn > 100). Dashed lines show theoretical isochrones of 1 and 10 Gyr at solar
metallicity from the Padova group ?. The selection criteria of RC stars are marked in
red lines, and green dots in the upper panel are our sample of RC stars selected from the

LAMOST database.
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Fig. 2.— The distributions of Teff , logg and [Fe/H] for the whole sample based on the

LAMOST (dash lines) and APOGEE (solid lines) databases.

Chen et al.



– 15 –

Fig. 4.— The comparisons and calibrations of Teff , logg and [Fe/H] between the LAMOST

and APOGEE databases for RC (left panels) and RGB (right panels) samples. Dashed lines
are the one-to-one relations while solid lines are the calibrations. Stars with [Fe/H] < −1

are indicated by red crosses.

– 16 –

Fig. 5.— Upper: The Teff versus logg diagrams for RGB stars in the LAMOST and
APOGEE datsets. Blue dash line is passing two points of (Teff ,logg) of (3500,0.2) and

(5000,4.0) and solid line is the sochrone of 16 Gyr at Z = 0.30 from Padova group ?. Lower:
The comparison of gravity and metallicity for different groups of RGB stars. Stars with

2.6 > logg > 0.00253 ∗Teff − 8.67 at the forbidden region are marked by blue dots and stars
at the unmatched region are marked by green dots.
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