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ABSTRACT

The Apache Point Observatory Galactic Evolution Expering@ROGEE) is a high-resolution infrared spec-
troscopic survey spanning all Galactic environments, (balge, disk, and halo), with the principal goal of
constraining dynamical and chemical evolution models efMilky Way. APOGEE takes advantage of the
reduced fects of extinction at infrared wavelengths to observe theiGalaxy and bulge at an unprecedented
level of detail. The survey’s broad spatial and wavelengtrecage enables users of APOGEE data to address
numerous Galactic structure and stellar populations ssslrethis paper we describe the APOGEE targeting
scheme and document its various target classes to proedettessary background and reference information
to analyze samples of APOGEE data with awareness of the madpsslection criteria and resulting sample
properties. APOGEE’s primary sample consists-afP° red giant stars, selected to minimize observational
biases in age and metallicity. We present the methodologycansiderations that drive the selection of this
sample and evaluate the accuradjiceency, and caveats of the selection and sampling algosithive also
describe additional target classes that contribute to M@ BEE sample, including numerous ancillary science

programs, and we outline the targeting data that will beuidet in the public data releases.
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1. INTRODUCTION contains the details of the base photometric catalog along

The Apache Point Observatory Galactic Evolution Experi- With the reddening corrections, color and magnitude limits
ment (APOGEE) is a near-infraretii{pand; 1.51-1.7pm), and magnitude sampling. B we describe the calibration
high-resolution R ~ 22,500), spectroscopic survey target- (&rget scheme adopted to aid in overcoming the challenges
ing primarily red giant (RG) stars across all Galactic envi- IMPosed by telluric absorption and airglow on ground-based
ronments|(MajewsKi 2012, arid prep). The spectrograph’s high-resolution IR spectroscopy. wg evaluate the accu-
capability to produce 300 simultaneous spectra is fatita  '2Cy and €iciency of our target selection algorithms based
by many new technologies, such as a system for coupling®” data taken during the survey's first yegf7H8 and Ap-
“warm” and cryogenically-embedded fiber optic cables, a pendix[d contain descriptions of APOGEE’s special” tar-
305 x 50.8 cm volume phase holographic grating, and a six- 96tS, such as stellar clusters, stellar parameters calitiea-
element cryogenic camera focusing light onto three Teledyn 98tS and ancillary program targets. FinallySB we list the
H2RG detectors. Sée Wilson ef 4l (2012) and Wilson et aL,ta.rgetlng and supplementary data that will be includedglon
in prepfor details of the APOGEE hardware design and con- with the first APOGEE data release in SDSS Data Release
struction. APOGEE is part of the Sloan Digital Sky Survey 10 (DR10).Readers are strongly encouraged to refer to Ap-
lll (SDSS-III; Eisenstein et al. 2011), observing duringght  PENdiXA which contains a glossary of SDSS- and APOGEE-
time on the 2.5-meter Sloan telescobe (Gunnlet al.]2006) aSPecific terminology that will be encountered in this paper,
the Apache Point Observatory in Sunspot, NM, USA. After other APOGEE technical and scientific papers, and the data
a commissioning phase spanning May—September 2011, th&leases.

APOGEE survey fiicially commenced during the September 2. SURVEY TARGETING AND OBSERVATION STRATEGIES
2011 observing run, and observations are expected to c@ntin
until the end of SDSS-IIl in June 2014.

The primary observational goal of the APOGEE survey is to
obtain precise and accurate radial velocities (RVs) anthehe
ical abundances for10° RG stars spanning nearly all Galac-
tic environments and populations. APOGEE targets compris
mostly first-ascent red giant branch (RGB) stars, red clum
(RC) stars, and asymptotic giant branch (AGB) stars. Thi
unprecedented dataset will fulfill several major objectjva
particular:

Red giant stars are the modtextive tracer population to
target for questions of large-scale Galactic structuready
ics, and chemistry because they are luminous, ubiquitoas, a
members of stellar populations with a very wide range of age
and metallicity. Because they are luminous, they can be seen
o very great distances, allowing samples of populations fa
Pout in'the halo and across the disk, even beyond the bulge.
S Because they are ubiquitous, we can observe large numbers
of them in all directions, allowing for statistically-sidicant
samples even when divided into smaller subsamples by, e.g.,
e constrain models of the chemical evolution of the Galactic kinematical component or age. And because RG
Galaxy: stars are found in stellar populations of most ages and metal
licities, we can use them to measure quantitatifiedences
e constrain kinematical models of the bulge(s), bar(s), across these populations and trace their evolution in adBala
disk(s), and halo(s) and discriminate substructures context.
within these components; To minimize possible sample biases, the target selection
must be based as much as possible on the intrinsic prop-
e characterize the chemistry of kinematical substructureserty distributions of the stars selected. The observed pho-
in all Galactic components; tometry of stars is determined by the intrinsic stellar gmep
_ ) i . ) ties (such asféective temperature and metallicity) but is also
» infer properties of the first generations of Milky Way  afected by interstellar extinction, which varies enormously
stars, through either direct detection of these first starsyyithin APOGEE’s footprint (spanning the Galactic Center to
or measurement of the chemical compositions of the the North Galactic Cap§3). To mitigate these féects, the
most metal-poor stars currently accessible; target selection includes reddening corrections. Howdaeer
cause APOGEE is the first large survey of its type, and be-
cause we desire a sample whose selection function is easy to
determine, everyfort has been made to minimize the total
number of selection criteria, with particular attentiortiose
that may potentially introduce sample biases with respect t

« provide a statistically significant stellar sample for fur- Metallicity or age.

ther investigations into the properties of subpopulations 2.1 Overview of APOGEE Observations
or specific Galactic regions. o

e observe the dust-enshrouded inner Galaxy and bring
our understanding of its chemistry and kinematics on
par with what is currently available for the solar neigh-
borhood and unobscured halo regions; and

In this section we present a brief description of APOGEE'’s

To achieve these objectives, the survey’s target selectionobservation scheme, as an introduction to some of the most
procedures strive to produce a homogeneous, minimally bi-relevant SDSS-IJAPOGEE-specific terminology. This dis-
ased sample of RG targets that is easily correctable to rep<ussion will be considerably expanded in subsequent sestio
resent the total underlying giant population in terms of,age and Appendif] contains a glossary of terms for reference.
chemical abundances, and kinematics. The survey uses standard SDSS plugplates, with holes for

In this paper, we describe the motivation and technical as-300 APOGEE fibers; of these;70 fibers are reserved for
pects behind the selection of APOGEE's calibration and sci- telluric absorption calibrators and airglow emission el
ence target samples§2 contains a summary of the over- tion positions §§5.1H5.2), and the remaining 230 fibers are
all survey targeting philosophy, observing strategy, aarel t placed on science targets. The patch of sky contained within
get documentation§3 briefly describes the APOGEE field each plate’s field of view is called a “field”, defined by its een
plan as it pertains to target selection considerations,$&hd tral coordinates and angular diameter; the latter rangas fr
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1-2, depending on the field's location in the sk§B. The each target’s selection and prioritization, APOGEE has de-
base unit of observation for most purposes is a “visit”, Whic fined two 32-bit integersgpogeetargetlandapogeetarget?
corresponds to slightly more than one hour of detector inte-whose bits correspond to specific target selection cri{@aa
gration timeZ1 ble[). Every target in a given design is assigned one of each
The number of visits per field varies from one+@4, for of these integers, also called “targeting flags” (Appei)x
different types of fields§). Most APOGEE fields are visited  with one or more bits “set” to indicate criteria that were ap-
at least three times (excluding, e.g., the bulge fie§&2) plied to place a target on a design.
to permit detection of spectroscopic binaries in the APOGEE These flags indicate selection criteria for a gidesign
sample. With typical RV variations of a few km'sor more, or particular set of stars (Append), and thus may dier
spectroscopic binaries can complicate the interpretation for the same star on filerent designs and plates. For ex-
APOGEE’s kinematical results — for example, by inflating ample, many commissioning plates were observed without a
velocity dispersions. In addition, given a bright enougmeo  dereddened-color limit§&.3, so a bit used to indicate that
panion, the derived stellar parameters may be influenced bya target was selected because of its dereddened color (e.g.,
the companion’s flux, so the detection of these systemsys ver apogeetargetl = 3, “dereddened with RIGERAC”) would
useful. Furthermore, fields with more visits can have sample not be set for those observations; however, if later designs
with fainter magnitude limits§4.4) that still meet the survey’s  drilled for that same fieldlo have a color limit, and the same
S/N goal. Visits are separated by at least one night and may bestars are re-selected and observed, thawbitld be set for
separated by more than a year, depending on the given field’shose later observations of the same stars.
observability and priority relative to others at similaght as- Throughout this paper, we will use the notation
censions. apogeetargetl = X to indicate that bit “X” is set in
Different stars may be observed ofi@lient visits to a field.  the apogeetargetl flag (and likewise forapogeetargetd),
Stars are grouped into sets called “cohorts”, based on theireven though mathematically, that bit is set by assigning
H-band apparent magnitude, and each cohort is observed foapogeetargetl= 2X. Because a target may have multipht)
only as many visits (generally in multiples of three) as reeed  bits set, its final integer flag value is a summation of all set
for all stars in the cohort to achieve the final desirgd.$or bits:

example, the brightest candidate targets in a given 12-visi N
field may only need three visits to reach this goal, whereas Z 2010
stars one magnitude fainter need all 12 visits to reach the i-0

same $\. Observing the bright stars for all 12 visits would . . . . . o
be an indicient use of observing time, so a cohort composed !N keeping with earlier SDSS conventions, if any bit in
of these stars is only observed three times, and then replace@P0geetargetl or apogeetarget2is set, bit 31 for that flag

with another cohort of dierent bright stars, while a cohort IS @S0 set. For example, a well-studied star that is tadgese

composed of the fainter stars is observed on all 12 visits to@ Stellar chemical abundance standapogeetarget2 = 2)
the field. Thus, by grouping together cohorts wittfeent ~ and also as a member of a calibration clustgogeetarget2
magnitude ranges on a series of plates, we increase the nuni= 10; seefZ.]) Wg“"j 1?(1)ave 2 final 32-bit integer flag of
ber of total stars observed without sacrificing stars ataime f ~ @Pogeetarget2= 2° + 27 + 2°* = 2147482620 (the neg-
end of the APOGEE magnitude range (see additional detailsative Sign is a result of the fact that these are signed insgge
on the cohort scheme §4.4).
A particular combination of cohorts (equivalently, a patti 3. APOGEE FIELD PLAN
ular combination of stars) defines a “design”, with a unique We provide here a summary of the current APOGEE field
ID number; a given cohort may appear on a single or on mul- locations as they pertain to target selection consideraamd
tiple designs. See Figul®for an example. Each physically procedures; see Majewski et ah,prepfor a full discussion
unique aluminum “plate” is drilled with a single design, laut  of the plan’s motivation and details. The APOGEE survey
given design may appear on multiple plates — for example, if footprint spans as wide a range of the Galaxy as is visible
a new plate is drilled for observing the same stars atterdi from the Apache Point Observatory (latitude32.8° N), and
ent hour angle. Thus a field (a location on the sky) may havesamples all major Galactic components. Figlrghows the
multiple designs (sets of targets), and each design may haveurrent complement of chosen field centers (summarized in
multiple plates, but a plate has only one design, and a desigrrable?). “Disk” fields (§3.J) are in dark blue circles, “bulge”
is associated with only one field. We anticipa#850 designs  fields 3.2 are in light blue point-up triangles, and “halo”
to be made over the course of the survey for the approximatelyfields §3.3 are in green point-down triangles. In addition

450 distinct fields §3). to these primary classifications, the field plan includesipoi
. ings covering the footprint of NASAKeplermission (yellow
2.2. Targeting Flags diamonds), well-studied open and globular clusters (ozang

Reconstruction of the target selection function, however squares), and the Sagittarius dwarf galaxy core and taitt (r
simple it may be, is crucial for understanding how well the guartered squares), as describejiiH8 .
spectroscopic target sample represents the underlying-pop ~ Most fields are named using the Galactic longitlidend

lation in the field. To track the various factors considered i latitudeb of their center (i.e., il +bb"), though we note that
these centers are apprOXImate IN Mmany cases, and the exact
27 visits comprise typically eight individual “exposures”hich are ap- coordinates should be obtained from the database if field po-
p{fletmdattﬁly elghtt_mlnutsesbof _Int?g_rtahtlon eacftlﬁ taken ?’rtajma;t' 0~0.5 D',Xeld sition accuracy0.5 is required. A subset of fields, particu-
offset dither positions. Sub-pixel dithering in the specthadation is require : : . ;
because, at the native detector pixel size, the resolulement is under- larly in the.halo’ are nameq .for an important ObJeCt or OmeCt
sampled in the bluer section of APOGEE spectra. These rruliithered they contain, such as specific stellar clusters or stellaasts
exposures are combined by the data reduction pipeline tupea single (e.g., the Sagittarius tidal strean§@.2). In these cases, the

“visit” spectrum (Nidever et alin prep). fields are deliberatelyiot centered on the object, because the
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0.0 0.5 1.0
(J=KJ)
(Design 1)
Design ID 5356
S1, M1, L

1.5 2.0

(Design 2)
Design ID 5357
S2, M1, L

Design 1 Design 2 Design 3 Design 4
ST S2 S3 S4 Short
M1 M2 Medium
£ Long
(Design 3) (Design 4)
Design ID 6593 Design ID 6594
S3, M2, L S4, M2, L

Plate ID
5610

HA = 2

Fie. 1.— Organization of observed targets in plate designs anghgsical plates, using the fiel30+04 as an example. This field has 12 anticipated visits,
which are covered by four designs (indicated by blue, yellgneen, and orange). Each design has stars from one of fortraghorts (S1, S2, S3, S4), one of
two medium cohorts (M1, M2), and the long cohort (L); thatsigrs in the long cohort appear in all four designs, and &tans the medium cohorts appear in
two designs. At least one plate is drilled for each desigd,some designs (here, the first two) are drilled on multipi¢gs. Most frequently, this occurs when
a field is to be observed atftérent hour angles (HA), as in this example.

Disk @
Bulge A
Halo ¥
Kepler ¢
Cluster @
Sgr @

Fic. 2.— Map of the APOGEE field plan. The map is in Galactic cauaiths, with the Galactic Center in the middle, the antieeft= 180°) on the left and
right, and the NortfSouth Galactic Caps at the top and bottom, respectively.liiée of Galactic latitude are labeled on the left, and tHil gpay lines indicate
Galactic longitudes (from left to right)= 180°,120°,60°,0°,300°, 240, and 180. The gray shaded area indicates those regions of the Gdlakare never
visible with an airmasg?2.3 from APO. See text for description of the field types.
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TABLE 1
TARGETING FLAGS
apogeetargetl apogesdarget2

Selection Criterion bit Selection Criterion bit
— 0| — 0
— 1 | Flux standard 1
— 2 | Abundancgparameters standard 2
Dereddened with RIGIRAC 3 | Stellar RV standard 3
Dereddened with RIGW/ISE 4 | Sky target 4
Dereddened with SFEE(B - V) 5| — 5
No dereddening 6| — 6
Washingtor-DDO51 giant 7| — 7
WashingtorDDO51 dwarf 8| — 8
Probable (open) cluster member 9 Telluric calibrator 9
Extended object 1Q Calibration cluster member 10
Short cohort (1-3 visits) 11 Galactic Center giant 11
Medium cohort (3-6 visits) 12 Galactic Center supergiant 12
Long cohort (12-24 visits) 13 — Young Embedded Clusters 13
— 14 | — MW Long Bar 14
— 15 | — BJe] Stars 15
“First Light” cluster target 16| — Cool Kepler Dwarfs 16
Ancillary program target 17 — Outer Disk Clusters 17
— M31 Globular Clusters 18 | — 18
— M Dwarfs 19 | — 19
— Stars with High-R Optical Spectra 20 | — 20
— Oldest Stars 21 | — 21
— Kepler& CoRoTAges 22 | — 22
— Eclipsing Binaries 23 | — 23
—Pal1 GC 24 | — 24
— Massive Stars 25| — 25
Sgr dSph member 26 — 26
Kepler asteroseismology target 27— 27
Kepler planet-host target 28 — 28
“Faint” target 29| — 29
SEGUE sample overlap 30— 30

Note. — Bits 13—17 inapogeetarget2 also refer to ancillary programs. Bits with
“—" as their criterion have either yet to be defined or weresresd for criteria never

applied to released data.
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[2007). While APOGEE cannot distinguish single-lined spec-
FIELDTQABIL-EUZI\AMARY troscopic binaries in the 1-visit fields, it is worth notirttat

the magnitude limit for these field$i(< 11.0) is still faint
enough to include RGB stars in the bulge behix{¥) < 25

Type Definition Approx. Target Fraction S

. mag of extinction.
giﬁge 23‘)‘;;5342% '%lilg ?832 Special targets in the bulge fields include nearly 200 bulge
Halo Thi>16 25% giants and supergiants, already studied with high-resolut
Special  On calibratigiancillary sources 15% optical or IR spectroscopyd8.]). These targets are useful

for calibrating APOGEE's stellar abundance and parameters

SDSS plates have a 5 arcmin hole in the center (used to atPiPeline, particularly at high metallicity.

tach the plate to the fiber cartridges) that precludes any fibe

holes being placed there. Throughout this paper, we will use 3.3. Halo

italics when referring to all field names, to remove ambigu- APOGEE'’s “halo” fields are defined as those wiih> 16°,

ity between general discussion of targeting in a field namedand in practice all havip| > 18°. The stellar population dis-

after a specific object and targeting in the object itself.(e.  tribution in these fields is often substantiallyférent from

the APOGEE field pointingV13 versus the globular cluster those of the disk and bulge. For example, the dwarf-to-

M13). giant ratio within APOGEE’s nominal color and magnitude

. range is much higher in the halo fields, due to the overall

3.1. Disk lower density of distant giants (s&g.3. To improve the

The subset of APOGEE fields termed “disk” fields form a 5ﬁ|etCti0nt &i(_:ietr;]cy Oft'gielm\}\?' Vr\]’_e r;g\é‘e&a?rqu"eg[)%jggifnm
semi-regular grid spanning 24& | < 240, with |b| < 16°. photometry in the optical washingtdv & 12 an
Each of these fields will be visited from 3 to 24 times, mean- filters_(hereafter, “WashingtetDDO51”; [Canterrial 1976;
ing that their nominal faint magnitude limits range fréin=  Clark & McClure[1975] Majewski et al. 2000) for90% of
12.2 to 13.8 §.3). For the 3-visit fields, all stars in the se- the halo fields, to assist W|th identifying and prioritizig@nt
lected sample will be observed on all 3 visits, while the field and dwarf candidates. Sgd.2for details on the acquisition
with >3 visits employ the cohort scheme describegldland and reduction of these data. _ )
§44to balance the desires for dynamic range, survey depth, The paucity of targets in certain halo fields (compared with
and good statistics. APOGEE's capability to observe 230 simultaneous science

All'stars in the disk grid fields are selected based on their targets) requires some special accommodations when-select
dereddened)- Ks)o colors §4.3. Simulations of the survey  INg targets. One o_f these_|s the_dehberate targeting of dwar
estimate that approximately 50% of the final survey stellar stars in fields lacking dficient bright giants §4.9), and an-
sample will come from the disk fields (TatfB. In addition ~ Other is the inclusion of targets witd magnitudes up to 0.8
to the normal APOGEE sample and a variety of ancillary tar- Mags fainter than the nominal limits for the fields. These

gets (Appendif), the disk fields contain open clustefg (2 “faint” targets, which are not expected to attain a fmzéN&
falling serendipitously in the survey footprint. 100, have bipogeetargetl= 29 set and are described more
fullyin §7.1 In addition, many of the halo fields are placed on

3.2. Bulge open or globular clusters with well-known abundandégs]),

and members of these clusters can comprise up to 75% of all
targets in their field.

Approximately 25% of the final survey sample is estimated
to come from the halo fields. These survey sample percent-
ages from the dierent field types do not include thel5%

The set of fields considered “bulge” fields are those span-
ning 357 < | < 22° and|b| < 8 (plus fields centered on
the Sagittarius dwarf galax§8.2). Due to the low altitude of
these fields at AP& and the strong dierential atmospheric

refraction that results from observing at such high airesiss  ¢oming from the “calibration” or other special fields, which
the bulge fields are restricted to a 2-dlameter field of view include the 3-visit bulge fields, the long 12—24-visit hallose

(FOV), compared to the full3diameter for the majority of . « s
the survey fields. The density of target candidates meetingter fields §Z.3), and the "APOGEEKepler'fields (8.3.

APOGEE's selection criteria is so high (up+d500 deg?), 4. PHOTOMETRIC TARGET SELECTION CRITERIA AND
however, that even with the restricted FOV, there are ample PROCEDURES

ﬁteal‘éss fz:l(r)erzns\{evlre]zlgtg éob(;g%?jsgr:qggﬁs deeptilj?jsé giéa}{f)(;ncglﬁfu'ge 4.1. Base Photometric Catalogs and Quality Requirements
and approximately 10% of the final survey sample is projected _ The Two Micron All Sky Survey (2MASS) Point Source
to come from the bu|ge fields. Catalog (PSCL_S_kﬂJIQKLe_e_uMOG) forms the base Catalog
The right ascension (RA) range of the bulge also includesfor the targeted sample. The use of 2MASS confers sev-
many of the closely-packed inner disk fields. Because of thiseral advantages: (i) The need to construct a photometric pre
RA oversubscription and the small window during which the Selection catalog of our own is eliminated. (ii) The all-sky
low-declination bulge can be observed on any given nigkt, th coverage allows us to draw potential targets from a well-
majority of the bulge fields are only visited once, instead of tested, homogeneous catalog for every field in the survigy. (i
the >3 Visits anticipated for all other fields. The few multi- EVven in the most crowded bulge fields, where, due to confu-
visit exceptions include high-priority calibration fieldsuch ~ Sion, the magnitude limit of the PSC is brighter than in other
as the Galactic Center, Baade's Window, and those that overParts of the Galaxi the PSC is deep enough for APOGEE’s

lap fields from other surveys (such as BRAVA; Rich et al. nominal magnitude limits. (iv) The wavelength coverage is
well-matched to APOGEE, and we can select targets based

28 For example, the Galactic Center transits the meridian altitnde of
28°. 29 http://www.ipac.caltech.edu/2mass/releases/allsky/doc/sec2_2.html
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directly on theirH-band (g = 1.66um) magnitude. (v) The
astrometric calibration for stars within APOGEE’s magdiu
range is sfliciently accurate (on the order ef75 masg®) for
positioning fiber holes in the APOGEE plugplates, even in
closely-packed cluster fields. Furthermore, the PSC cositai
merged multi-wavelength photometry (tde and Ks-bands,
with A = 1.24 and 216 um, respectively) useful for charac-
terizing stars (e.g., with photometric temperatures), elé 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 ¢arg
(§4.3. Where available, we use data from t8pitzerIRAC
Galactic Legacy Infrared Mid-Plane Survey Extraordinaire
(GLIMPSE; LB_en,lamm_ej_dIL_ZD_O?a._Qhw_chmalLej al. 2009).
The GLIMPSE-]11/3D surveys together spgh| < 1° for
| < 65 andl > 295, with extensions up thl < 4

7

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 frgme
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 typically0.01 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) standesrds

ing IRAF's PHOTCAL package. For most nights, the photo-

in the bulge and at select inner-Galaxy longitudes. Where metric calibrations yield rms residuals of about 0.02 mag.

GLIMPSE is not available, we use data from the all-sky Wide-
field Infrared Survey Explorer mission (Wlsmt al.

[2010); preference is given to GLIMPSE largely because of

SpitzerIRAC’s higher angular resolution.

To ensure that the colors and magnitudes used in the target
selection are accurate measurements of the sources’ appare

photometric properties, we apply the data quality restmst
tabulated in Tablgfor all potential targets. These restrictions
only apply to the “normal” APOGEE target sample; ancillary
or other special targets (such as calibration cluster meshbe
are not subject to these requirements.

4.2. Additional Photometry in Halo Fields

As demonstrated in, e.d., Geisler (1984), Majewski et al.
(2000),  Marrison et al.[ (2000), and Mufoz et al. (2005), the
combination of the Washington am@DO51 filters provides
a way to distinguish giant stars from late-type dwarf stars
that have the same broad-band photometric colors.
intermediate-bandDO51 filter encompasses the gravity-

sensitive Mg triplet and MgH features around 5150 A, and in a

(M = T,), (M-DDO5Y) color-color diagram, the low surface
gravity giants separate from the high surface gravity dsvarf
over a wide range of temperatures.

Our WashingtorDDO51 data were acquired with the Ar-

ray Camera on the 1.3-m telescope of the U.S. Naval Obser-

vatory, Flagstfi Station. The Array Camera is ax23 mo-
saic of 2kx 4k e2v CCDs, with 0.8 pixels and a FOV of
1.05° x1.41°. 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 &ac
pointing, a single exposure was taken in each ofNheTy,
and DDO51 filters, with exposure times of 20, 20, and 200
seconds, respectively, for non-cluster halo fields, and0pf 1
10, and 100 seconds for globular cluster fields. All imaging
was done under photometric conditions and calibrated again

standards frorm Geisler (1990, 1996).

The
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Fic. 3.— Demonstration of dwadiant separation using Washing-

tor+DDO51 photometry.(a): (M — T5), (M—DDO5J) color-color diagram
of stars in theM53 field. The dashed line indicates the dwarf locus fit for
this field, and the vertical arrow on the right demonstraes the quantity
A(M DDO51) is measured(b): A(M-DDOS5]) as a function of (1 - T)

for the same stars in pan@l). The selection box used to identify giant stars
is shown, and stars lying within this box that also meet ahBOGEE's data

Each image was bias-subtracted, flat field-corrected usingyyaiity criteria are overplotted with open circles.

sky flats, and (for thel, images only) fringing-corrected,
using the Image Reduction and Analysis Facility software

(IRAF; Tody (198619938 For each pointing, théV, T,

andDDO51images were registered and stacked together. Ob-

ject detection was performed on each stacked image usin

30 |RAF is distributed by the National Optical Astronomy Ohsstories,
which is operated by the Association of Universities for &esh in Astron-
omy, Inc., under cooperative agreement with the Nation&rge Founda-
tion.

Figure @ demonstrates the application of this Washing-
ton+DDO51 photometry to classify giant and dwarf candi-
ates. First, we defined the shape of the dwarf locus in the
M - T,), (M—DDO51)) color-color diagram using the full set
of stars with good WashingtetDDO51 photometry, binning
the stars in 1 — T,) and iteratively rejectingNI-DDO51)
outliers in each bin. Then, separately for each field (Fig-
ure[@ shows the halo cluster fielsl53), we “fit” this dwarf
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TABLE 3
Apoprtep Data QuaLiTy CriTeriA FoR APOGEE hRraGETS
Parameter Requirement Notes

2MASS total photometry uncertainty fdr H, andKs <0.1

2MASS quality flag ford, H, andKg =Aor'B

Distance to nearest 2MASS source foH, andKg >6 arcsec

2MASS confusion flag fod, H, andKsg =0

2MASS galaxy contamination flag =0

2MASS read flag ='1or‘2

2MASS extkey 1D null For design 1Ds>5782

SpitzerlRAC total photometric uncertainty for [Bu] <0.1 Not strictly enforced on design IDs
<5402

WISE total photometric uncertainty for.Bu] <0.1 No quality limit was imposed on
design 1Ds<6190.

chifor M, T,, andDDO51 data <3 For design ID$5788

|sharg for M, T,, andDDO51 data <1 For design ID$5788

a Due to a bookkeeping error, sources on some desigrsB®?2 using IRAC data passed the quality check if they
either met the photometric uncertainty requirement in thide or did not have an IRAC counterpart at$g]. This
error appears limited to the commissioning and first 4 desigelﬁ)60+00 (design IDs 4610, 4820, 4821, 5401, 5402;
~15% of the stars in those designs), the commissioning desi§f06+02 (design IDs 4688, 4689;0.5% of the
stars), and the single designsQ#/+00 and045+00 (design IDs 5376, 5377 15% of the stars). Users wishing to
recreate accurately the pool of available candidates &mgtiparticular designs should be aware of this anomaly.

locus in the M —T,), (M—DDOS5]) color-color diagram (Fig- ~ we use theH and 4.5um data:

ure[3a), holding the locus shape constant but allowing small

(0.1 mag) shifts along each axis to account for any residual A(Ks) =0.918x (H — [4.5u] — (H - [4.5u])0) (1)
systematic @isets in the photometry for that field. Based on E(J - Ks)=15x A(Ky),

the A(M-DDO51) distances from this locus as a function of

(M —T5) color, we then identified the stars likely to be giants where A(Ks)/E(J — Ks) is adopted froni_Indebetouw eflal.
using the color-color selection box shown in FigBte The  (2005). We adoptH — [4.5u4])0 = 0.08 for all IRAC
minimum and maximumN! — T,) “edges” indicate the colors  data (Girardi et dl. 2002) and, after a comparison of IRAC
at which the dwarf and giant loci merge for hotter and cooler and preliminary WISE 4..um photometry in the midplane,
stars, respectively. (H - [4.5u])o = 0.05 for all WISE data.

We also used thechi” and “sharp’ values provided by the Figurel] demonstrates the application of this dereddened
DAOPHOT-II reduction to gain additional leverage against color limit, using theD60+00field as an example. Figuda is
non-point source (e.g., cosmic ray or extragalactic) aoata the observed 2MASS color-magnitude diagram (CMD) of the
inants. Only sources lying within the “giant” color-colog-s  stars meeting the data quality criteria given in TdBleéNote
lection box, withchi < 3 and|sharg < 1 (where thechi the broad locus of MS stars extending frodn+ Ks) ~ 0.3 at
andsharplimits are applied to all three bands), and meeting H ~ 10.5t0 (J - Ks) ~ 0.7 atH ~ 135, and the much wider
the additional data quality criteria in Talieare considered  swath of RG stars spanningsl(J—Ks) < 3 for nearly the full
giant target candidates. These stars haveybitgeetargetl range ofH shown. Though it may be relatively easy to distin-
= 7 set. In the Figur@b example, they are overplotted as guish the two loci visually here, the properties and shape of
open circles. Stars meeting thiki andsharprestrictions but  the gap between them (when it exists) depends very strongly
classified as “dwarfs” (i.e., falling outside the selectimx), on the field’s distribution of reddening, and a very complex
have bitapogeetargetl= 8 set and are specifically targeted in  algorithm would be required to select the giant stars todle r
some sparse fields lackingfBuient giant candidates to fillall ~ side of the gap in uncorrected CMDs across the wide variety
the science fibers (using the selection and priorities d@sdr  of stellar populations and reddening environments coathin
in §7.3). The accuracy of this classification approach is as- within APOGEE's fields.
sessed i§6.1 A much simpler and homogeneous approach is to apply an

intrinsic color limit across the entire survey. In Figldle, we
show the reddening-corrected CMD for this field; in the inset
4.3. Reddening Estimation and Color Range of Targets  is a simulated CMD of the same field center and size but with
icati _ imi zero extinction, drawn from the TRILEGAL Galactic stellar
4:3.1. Application of a(. - K)o Color Limit populations model (Girardi et al. 2005, $EE3.2. The verti-

To balance the desire for a RG-dominated target samplecal dashed lines in both CMDs denote tlie Ks)o > 0.5 color
with the desire for a homogeneous sample across a widdimit adopted for APOGEE's “normal” targets. The choice of
range of reddening environments, the survey’s only s@ecti this particular limit is described i§4.3.2below, but Figur&c
criterion (apart from magnitude) is a single color limit ap- shows the result of its application. The data are identizal t
plied to thedereddenedJ — Ks)o color. To derive the ex-  Figurelda, except that only stars meeting the color limit are
tinction corrections, we use the Rayleigh Jeans Color Bxces shown. Nearly all of the MS stars, and almost none of the
method (RJCE; Majewski etlal, 2011), which calculates red- RG stars, have been removed from the sample, which demon-
dening values on a star-by-star basis using a combination ofstrates the féectiveness of this technique at preferentially tar-
near- and mid-IR photometry. As describedfth]l the near-  geting giant stars regardless of the reddening propertias o
IR data come from the 2MASS PSC, and we use mid-IR datagiven field.
from theSpitzerIRAC GLIMPSE-//11/3D and WISE surveys Evaluation of the first year of survey data revealed a system-
(apogeetargetl = 3 and 4, respectively). Specifically, here atic overcorrection of many of the halo targets, which was




APOGEE Target Selection 9

8 T T T T 8 T T T T T 8 T T T T
(0) (b) | ST (c)
9 i 9 : 4 i 9 ;
| 10
10F i 1o} | = 1 10f :
T ° I i T
g MS RG 1% nt S 17 1t ;
| -0.50.0 0.5 1.0 1.5 2.0
12F {1 2f _ D 12F ;
13F 5 i {1 13 1 13 ;
0 1 2 3 4 0 1 2 3 4 0 3 4
J—Ks (‘J_Ks)o

Fie. 4.— Demonstration of thefiects of the adopted dereddened color linf&): Uncorrected 2MASS CMD of all of the stars in t860+00 field meeting
the survey photometric quality criteria. “MS” and “RG” indite the regions of the CMD dominated by main sequence andiaet stars, respectivelyb):
RJCE-corrected CMD of the same stars. The inset shows amctati-free TRILEGAL stellar populations simulation ofgtsame field[(Girardi et &l._2005).
The dashed lines indicatd ¢ Ks)o = 0.5, the color limit adopted for APOGEE'’s giant star sam@é.8.2). (c): Uncorrected CMD of the stars meeting the
dereddened color requirement. Note that the broad diagovesth of main sequence stars has been preferentially remove

partly traced to a metallicity dependence — specifically-lo  null and positive extinction estimate (i.&[Ks] > 0)E1Etbut
metallicity stars ([F¢H] < —1.1) have redderH — [4.5u])0 for the sparse halo fields, the target density is low enough th
colors than more metal-rich ones, leading to an overcorrec-to fill all 230 science fibers on a plate, we often include tesge
tion for metal-poor stars, which reside preferentially iret  without an extinction estimate, simply requiring an observ
halo fields (see further details §6.2). Rather than adopt- (J - Ks) > 0.5. The exceptions are the 3-visit halo fields se-
ing a field-specific intrinsic color (inféect, assuming a mean lected with the hybrid dereddening scheme described above;
[Fe/H] as a function ofl, b), we chose to use the integrated in these designs, the SFD map value is used in place of any
Galactic reddening maps of Schlegel et al. (1998, hereaftemmissing RJCE-WISE values.

“SFD") as an upper limit on the reddening towards stars in  The homogeneity and simplicity of the color selection

the halo fields. That is, we adopt adopted here should allow for a straightforward reconstruc
tion of the selection function and evaluation of any biases i
A(Ks) = 0.302x E(B - V)srp, (2) the final target sample, which — in large part because of this

. approach — we expect to be very minor.
for each star for which thE(J-Ky) value calculated from the PP we exp veym

star's photometry using Equatidis greater than 12 the 4.3.2. Justification of the Adopte — Ks)o Color Limit

SFD-derived value. The conversion betw&&B — V)srp and : :
E(J—K.) is taken fro hiafl ikt '%11), andthe | Our choice of a color cut ati-Ks)p > 0.5 was motivated by

f F10i d id i of tol based wo main considerations: (i) to include stars cool enough fo
actor of 1.2 Is used to provide a margin of tolerance, basedy (g|iaple derivation of stellar parameters and abundaviaes

on the typical photometric uncertainty, when comparing the y,o' APOGEE Stellar Parameters and Chemical Abundances

two reddening values. Pieli - ; . -

o 2 . peline (ASPCAP; Garcia Perez et ah,prep), and (ii) to
_This *hybrid” dereddening method (so called because starsy g the fraction of nearby dwarf star “contaminants” in the
in the same design can be selected witfedent dereddening sample as low as possible.

techniques) is applied only to 3-visit fields in the halo,fwit Both observational data and theoretical isochrones demon-

|b| > 16° and design ID 6919 or later. Halo fields with more : PP
than 3 visits (i.e., those with multiple designs) are exellid ?trate that dwarfs and giants of the saTespan nearly iden

because at least some of the designs had already been drilleﬂlf %Iv;g?f%egfcgul\éltspcgl&rsf %rggalilsi)grshg\'/se. S %z;%e&%llggl)lor

during the first year of survey operations, and we elected to (J - Kq)o ~ 0.85 (Koornneef 1983: Bessell & Bratt 1988
preserve the homogeneity of the target selection acrode-all : : - R jedini ’
signs for a given field. Disk and bulge fields are excluded for I%ée_taelﬁea%ﬁl;?rgganéﬁé(%)v(\)lg)rﬁomzwg\;?gg;b_
a number of reasons. First, the SFD map values are not aPtypes later than M5 (e.g., Table 2L0_f_S£_a.n_d;’iLiaIQ_Eb_t_al._I2012)
pl];:hab:e In thc?[_mltc_iplane g_nd;n(reglorés %f rxgh egtgchon O or brown dwarfs — may reach colors redder than this, but
with steep extinction gradients (e.g., SED; Arce & Goodman yese nopulations are extremely rare at the magnitudes rele
19995 Chen et al. 1999). Second, we have verified that the, foF; AF\)POGEE. A simple col)(;r limit of J - Ks)gJ > 0.85
vast majority of the observed stars in these fields are in fact,, 14 therefore eliminate the vast majority of potentiakfv
correctly dereddened with the RICE method aldfed). Fi- contaminants from the survey sample. However, this crite-

nally, most of these fields are part of a deliberate grid patte o \youid also eliminate the RC giants, which for near-sola
with corresponding fields across key symmetry axes (such as
the midplane) already observed during the first year; there- 31 gecause the near-IR 2MASS catalog is the base catalog fostthe
fore, we elected not to adopt this change to the targeting al-vey, this requirement translates to a requirement of a Riditection.
gorithm that would reduce the grid’s selection homogeneity ﬁ;%Gaiﬁ fN"I‘ggrghur‘\j/gyrsangfsv gfgx‘g"eﬂc‘t'”nteg‘;;‘;w%'g;?ggf;‘;‘:’;f{’hoéhn:%‘f
while not aCtua”y 'mpfOY'ng the target selectloﬂ‘ieency. . IR data to be due to data’issues in those surveys (such asnitoio bright,

In the end,.then, a simple dereddened CO|QI’ selection Ofvery red stars) that do not impose an intrinsic-propertg biathe final sam-
(J-Ks)o = 0.5is applied for most normal targets in the survey. r>|¢33-2 _ _
For the well-populated bulge and disk fields, we require a non For exceptions, see Nogein Table[3.




10 Zasows

metallicities concentrate afl - Kg)o ~ 0.5 - 0.7, along with

the more metal-poor RG stars. RC stars are highly desirable

targets for APOGEE due to their high density among the to-
tal MW giant population and nearly constant absolute mag-
nitude (making them féective “standard candles”). A color
limit of (J — Ks)o > 0.85 would also restrict the sample to the
coolest giantsTer < 4300 K, for solar metallicity), leading
to a strong bias towards high metallicities and subjectireg t
survey to the systematically greater uncertainties thedyot
abundance analyses of very cool giants.

Therefore, a color limit bluer thanJ(- K¢)g = 0.85 was
sought, and we adopted ¢ Kg)o > 0.5 as the primary crite-
rion for selecting “normal” APOGEE targets after exploring
the following quantitative considerations about the expéc
dwarf star fraction in APOGEE’s magnitude range.

To estimate the dwarf fraction in the 2MASS catalog
as a function of I(b), we utilized the TRILEGAL model
(Girardi et al| 2005, 2012), a population synthesis model of

ki et al.

4

T
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-
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(J=K)
Fic. 5.— CMDs for a 7 def field centered atl(b) = (18C°,3°) from

the Galaxy that simulates complete samples of stars alonga TRILEGAL simulation (left) and 2MASS (right). 'In the sination, the

pencil beam lines of sight, including all of the stellar prop
erties needed for these tests (such as multi-band photpmetr
and surface gravities); the model includes an approximatio
of 2MASS photometric errors and is able to reproduce the
2MASS star counts to the20% level in low-reddening re-
gions. We performed extensive TRILEGAL simulations of
the original APOGEE field plan, assuming: (i) a thin disk with
a total mass surface density of 53, pc?, a scalelength
hr = 2.9 kpc, and an age-dependent scaleheiglicy) =
94.7(1+t/5.5)+%¢ pc; (ii) a thick disk with a local mass volume
density of 10°Mypc 3, hr = 2.4 kpc, andhz = 0.8 kpc; and

(iii) a halo, modeled as an oblaR’* spheroid, with a local
mass volume density of 10M,pc 3, an oblateness of 0.58
in the Z direction, and a semi-major axis of 2.7 kpc. These

grayscale density plot represents dwarfs, and colored slgnaloe giants: red
dots for stars in the thin disk, yellow circles for thick disknd blue circles
for halo. Thermally-pulsing AGB stars are marked with op&ntbnds.

RAdial Velocity Experiment (RAVE}_Steinmetz etlal. 2006).
RAVE has observed large sections of the Southern sky at
|b| > 20°, collecting spectroscopy 6f200— 400 stars in each
~28 ded survey field position. Inspection of the 2MASS pho-
tometry for RAVE targets suggests that, within the limits of
0.5 < (J-Kg)o < 0.8andH < 10, this sample is representative
of the underlying stellar distribution. We binned the RAVE
sample in small boxes in theJF Kg]o, H) CMD and deter-
mined the dwarf fraction in each box using the ¢pgalues
returned from the RAVE pipeliné (Zwitter etlal. 2008); then
we repeated the procedure for the TRILEGAL simulations.

parameters are the default values for the improved versionFigureBishows the dwarf fraction in the®< (J - Ks)o < 0.8

of TRILEGAL described in_Girardi et all (2012). Mass den-
sities are computed assuming a Chab
function, and the age-metallicity distribution of the halad
disk components is describedlin Girardi et al. (2005). (TRI-
LEGAL also includes a bulge, but it does not impact the fields
for which results are shown below.)

The TRILEGAL simulations clearly indicate that, for stars
redder thand — Ks)o = 0.5, the dwarf fraction, defined as the
fraction of stars with log) > 3.5, increases both with increas-
ing apparent magnitude and towards the Galactic poles.eThes
trends in the dwarf fraction result from the decreasing num-
bers of distant giants being sampled at high Galactic it
as well as from the large fierence in absolute magnitude be-
tween cool giants and cool dwarfs — cool giants are intrinsi-
cally bright enough that even ones located in the distant MW

interval (which contains most of the dwarf contamination ex

001) initial massPected in APOGEE) for a series of RAVE and TRILEGAL

pointings, averaged overd = 40 strip across the sky and
extending from the Southern Galactic Pole ute —20°.

The data and model predictions for the dwarf fraction agree
very well within the error bars.

This comparison, together with the TRILEGAL simulations
at lower latitudes, give us confidence that, with the adopted
(J = K)o = 0.5 color limit, themeandwarf fraction (consid-
ering the full distribution of magnitude) will be smallerath
40% in even the deepest APOGEE plates. A forthcoming pa-
per (Girardi et al.jn prep) will examine the trends between
(I, b) and the dwayfiant ratio in more detail using additional
logg data, including those from ASPCAP aKdpler.

An additional prediction of interest for the APOGEE sam-

halo have apparent magnitudes brighter than many nearbyle that can be extracted from the TRILEGAL simulations

cool dwarfs. In the low-latitude example of Figukk the
dwarf fraction for stars with] — K¢)o > 0.5and 8< H < 11
is ~3%, increasing to~9% at 11< H < 12. We consider
these fractions acceptable for a survey like APOGEE, and
these estimates are overall quite reassuring, especiaiynw
considering that the dwarf fraction further decreases tds/a
the low-latitude, inner-Galaxy regions that contain thgana
ity of APOGEE’s pointings, and that most fields at highagr
have supplementary photometry to reduce tifeats of the
increased dwarf contamination theg& 2.

As a check of these calculations prior to the development
of ASPCAP, we compared the TRILEGAL dwagfant ra-
tio predictions to the observed Iggdistributions from the

is the fraction of the stellar sample anticipated to be ther-
mally pulsing asymptotic giant branch (TP-AGB) stars. khes
stars are among the most intrinsically luminous in the Galax
but APOGEE will observe many in the heavily extinguished
bulge and inner disk that are too faint to be accessible by opt
cal spectrographs. The simulation shown in Fidbpredicts
that TP-AGB stars will comprise on the order of 1% of the
stellar sample withJ — Kg)o > 0.5 andH < 12. Though only

a single line of sight is shown here, this fraction is estaddd

be roughly constant (i.e., at the few percent level) thraugh
the survey footprint. For these estimations, TRILEGAL uses
the TP-AGB evolutionary tracks of Marigo & Girardi (2007),
which have lifetimes calibrated on observations of AGBsstar
in Magellanic Cloud star clusters. S&B.1 for a descrip-
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Fic. 6.— Comparison of the dwarf fractions as a functiotbpfin the TRI-
LEGAL model (solid lines) and RAVE data (dashed lines), foee diferent
ranges ofH magnitude, as indicated. Both the simulated and obsernvied da
have been limited to stars with®< (J — Ks) < 0.8, lying within a strip
spanning 40 < | < 80° and-20° < b < -90°. The bottom panel contains
the diference between the TRILEGAL and RAVE dwarf fractions, alsaa
function of|b.

tion of the set of known AGB stars deliberately targeted in
the bulge.

4.4. Cohorts and Magnitude Ranges
APOGEE’s goal of exploring all Galactic populations re-

11

cohort, to maximize the number of valuable calibrator stars
observed§8.]). These exceptions are also noted in Téble

One notable consequence of this many-visit scheme is that
APOGEE stars are not necessarily uniquely identified by a
single “plate—MJD—fiber ID” combination, as many previous
SDSS targets have been. Such a combination instead iden-
tifies a singlevisit spectrunthat is combined with spectra of
the same star from other visits to produce the final stellacsp
trum.

The saturation limit of the detectors, combined with an un-
expected superpersistence problem on regions of two of the
three detector arrays (Nidever etialprep, Wilson et alin
prep), have led us to impose a bright limit &f > 7.0 for sci-
ence targets, extending up kb > 5.0 only for some of the
valuable telluric calibrators§g.1).

However, a large number of very valuable calibrator and
ancillary targets are brighter than these limits, somedigig-
nificantly so. A fiber link between the APOGEE instrument
and the NMSU 1-meter telescope at A t al.
[2010) was completed during Fall 2012, providing an oppor-
tunity to observe very bright targets (e.g., Arcturus),esth
targets that are useful for calibration but do not fall withi
existing APOGEE fields, and targets needing repeated visits
for time series and variability studies (e.g., pulsatingBAG
stars). These 1-meter observations can be made during dark
time when APOGEE is not scheduled for the Sloan 2.5-meter
telescope.

4.5. Magnitude Sampling

The final magnitude distribution of an APOGEE design dif-
fers from a purely random sampling of the apparent magni-
tude distribution in the field due to two factors: (i) the nuenb

quires sampling magnitude ranges broad enough to probeof fibers allotted to each cohort and (ii) the algorithm used t
stars at a wide range of distances along the line of sight, asselect the final targets from the full set of stars meeting the

well as stars at a wide range of intrinsic luminosities. To
achieve the desired chemical abundance precisiori(dex),
the nominal signal-to-noise (S) goal for all APOGEE sci-
ence targets i$100 perpixel (i.e., YN ~ 150 per reso-
lution element for 2-pixel sampling of the line spread pro-

photometric quality, color, and magnitude criteria ddsed
in§§4.144.4

First, the number of fibers assigned to each cohort is de-
termined as a function of the field'sandb, not by the num-
ber of stars available for each cohort. For example, in the

file). Commissioning data demonstrated that this goal can below-latitude inner disk fieldsl(< 907, |b| < 4°), 95 fibers

achieved for targets witH < 11.0 in approximately one hour,
which is the length of time for a single visit to a field, and the
S/N = 100 magnitude limit for the more common three-visit
fieldsisH < 12.2.

are allotted to the long cohorts, whereas in the highetuldei
disk fields (b| = 8°), only 30 fibers are reserved for long co-
hort targets. This apportionment was governed by expecta-
tions of whether apparently fainter stars were more likely t

To reach even fainter magnitudes, which probe greater dis-be intrinsically fainter or simply farther away (the lattee-

tances as well as intrinsically fainter giants, stars mastib-

ing more desirable from a Galactic structure point of view),

ited additional times to build up signal. Thus many fields are the dwarfgiant ratio as a function dfl magnitude, and the

visited more than three times, with some having up to 24 vis-

its planned® As described i§Z.1 the division of stars into
“cohorts” permits stars of very flerent magnitudes to be ob-
served for diferent numbers of visits to increas@@ency.

thin/thick disk ratio as a function df, all for particular ranges
of I andb. Another factor in the fiber allotment is the desire
for a large number of targets, given that each long cohort sta
may take the place of up to eight short cohort stars.

In this scheme, stars observed only three times together are The cohort fiber allotments are shown in TaBlebut note

referred to as a “short” cohort, stars observed six timesfor

that these are approximations— due to other plate design con

a “medium” cohort, and stars observed 12 to 24 times form siderations, such as fiber collisidffsthe actual number of

the “long” cohort of their field. See Talfor the magnitude

stars in each cohort on a given design ma¥edi(generally,

limits of each cohort type. The small number of exceptions by + <5). Furthermore, these allotments are only valid for
to this scheme arise from certain fields with a high fraction the 12- and 24-visit disk fields; other fields with multiple-co

of bright calibrator targets or complex observing needse On
example is the Galactic Center fisRALCEN which is split
into three one-visit short cohorts and one three-visit medi

33 Many of these “long” fields, with 6—24 visits, were originatiesigned
to accommodate the required observing cadence of the MARS/&lrvey

(§4.8;[Ge et dl"2008).

horts, such as the long halo fields, have allotments governed
by the distribution of special targets (such as cluster megs)b
within them.

34 Each of the APOGEE fibers are enclosed in a protective ssairsieel
ferrule with a 71.5 arcsec diameter; these ferrules prestam¢ that are less
than 71.5 arcsec apart from being targeted in the same design
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TABLE 4
FieLp AND CoHORT M AGNITUDE LimiTs
Nyisits H-band Limif Notes
1 11.0 mosKeplerfields, most bulge fields, Sgr core fields
3 12.2 “short” cohorts in long fields, short diblalo fields,Kepler cluster fieldN6791 “medium” cohorts in the bulge
calibration fieldsSGALCEN, BAADEWINandBRAVAFREE
6 12.8 “medium” cohorts in long field5634SGR221+84, Keplercluster fieldN6819 MARVELS shared fieldN4147
andN5466
12 13.3 “long” cohorts in most long digkalo fields
24 13.8 “long” cohorts in the longest djkalo fields:030+00, 066-00, 096+-00, PAL1, andM15

a Apparent magnitude limit for normal APOGEE science targatsillary and other special targets are not necessastyiceed by

these limits.

TABLE 5
Disk FieLp CoHORT FIBER ALLOCATIONS

| b Short, Medium, Long Fibers
1<90 |b<4 90, 45, 95
I1>90 |bj<4 90, 90, 50
All bl > 8 130, 70, 30

Nore. — Fields with medium and long

cohorts that are not in this disk grid have
fiber allocations determined by the distribu-
tion of high-priority targets within the field.

long cohort.

The goal of this sampling algorithm, as compared to a ran-
dom draw, is a brightness distribution sampling less depen-
dent on the variety of intrinsic magnitude distributionsass
the wide variety of Galactic environments. Because fainter
stars are more common, this scheme imposes a slight bias to-
wards the brighter end of the magnitude distribution, by re-
quiring that at least one star be drawn from the brightgst 1
of the stars within a given cohort.

However, upon comparison of the available and selected
magnitude distributions, we find that these sampling proce-
dures produce a final targeted magnitude distribution thgt v
closely resembles a random selectiathin each cohortThe

Second, rather than drawing the cohort targets randomlytoP panel of Figuré demonstrates this for four designs in
from all candidate targets, we attempt to sample stars space the 060+00 field. All four of these designs share the same
more evenly in apparent magnitude. This is accomplished bylong cohort, two share one medium cohort and two share the

first sorting the stars by appareidt mag and then dividing
them into three bins within each cohort’s magnitude range
such that each bin containg3lof the available stars for that
cohort. (Thatis, each cohort is drawn from three magnitude
bins, so that designs with only a short cohort will have three

bins, but designs with a short, a medium, and a long cohort/

will have nine bins total.)

Then, for the short cohorts, eabin is sampled randomly
for 1/3 of the desired number of stars for that particular cohort.
For the medium and long cohoff$the stars are selected by
drawing everyN™ star in the trio of magnitude-sorted bins,
whereN is defined by the number of stars available for the
cohort and the number of fibers assigned to that particular co
hort. For example, if 1000 stars were available for a cohort,
and 100 fibers assigned, the final cohort would include every
10" star — i.e., thg1s!, 11", 215, ...} stars, when sorted by
magnitude. These final targets are then prioritized in remdo
order before actually being assigned for drilling on thegla
to avoid preferring brighter stars within the cohort in tlese
of fiber collisions.

The type of cohort to which a star is assigned is reflected
in its final targeting bitmask (Tabl®), whereapogeetargetl

= 11 indicates a short cohort, 12 a medium cohort, and 13 a

35 The diference in sampling algorithms between the short and
mediunflong cohorts results from the overlap between the commiggio
and “survey” plate design timelines. The former, contagnamly short co-
horts, used the semi-random selection, which was alsoeabpdi the short
cohorts of the first survey fields containing long cohortse RPOGEE team
chose to continue this scheme for all of the survey's fieldsiding that
discrepancies between the short and meglnmg cohorts of all designs in
all fields will be easier to account for than discrepanciesvben short and
mediunilong cohorts of specific designs in some fields.

other, and all four have unique short cohorts. The shaded gra
histogram is the appareHltmag distribution of all target can-
didates, and the colored lines show the (vertically stesdgh
magnitude distributions of the individual short, mediumga
long cohorts. Note that within each magnitude span (i.e.,
0 < H < 122 for short, 12 < H < 128 for medium,
and 128 < H < 138 for long), the shape of the cohorts’
H distributions very closely resemble that of the underlying
population.

Obviously, however, a strong bias would be imposed by
not accounting for the feects of combining cohorts of dif-
ferent lengths, as demonstrated by the bottom panel of Fig-
ure[ll Here, the final targeted magnitude distribution (red
line) doesnot mimic that of the underlying population, due
to the mismatch between fiber allotment and field magnitude
distribution, and further enhanced by the summation of mul-
tiple short and medium cohorts. Thus a proper correction for
the sampling over the full magnitude range of a field should
account for the three bin divisions within each cohort ared th
N sampling in the medium and long cohorts, as well as for
the distribution of the~230 science fibers among the short,
medium, and long cohorts.

One approach to dealing with this non-random sampling
(even including ancillary or other special targets) is toneo
pare directly the final targeted sample’s color and mageitud
distribution with that of the pool from which it was drawn
via the algorithm described above. (For the vast majority of
APOGEE’s “normal” target sampleJ ~ Kg)o andH are the
only parameters used in the selection.) Then, each spectro-
scopic target is assigned a “weight” based on how well its
color and magnitude reflect those of the underlying popula-
tion. For example, a bias towards brighter stars (as desitrib
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Fig. 7.— Demonstration of thefkects of APOGEE’s magnitude sampling,
for the disk field0O60+00. This is a 24-visit field, so the limiting magnitude
is H = 138. All ancillary, cluster, and other “special” targets hdween

removed.(a): The shaded gray histogram shows the apparent magnitude dis-

tribution of stars meeting all quality, color, and magnéugklection criteria.
Light/mediumidark gray indicate the stars that could have been assigned to
the shortmediumlong cohort(s), respectively, and the dashed lines inelicat
the magnitude limits of the cohorts. The overplotted caldimees show the
(vertically stretched) magnitude distribution of starsamorts that have been
targeted in this field: four short (blue, orange, green,,rwet) medium (blue,
red), and one long (red)b): The shaded gray histogram is again the appar-
ent magnitude distribution of all available stars in thisdfi@nd the red line
shows the total (vertically stretched) distribution of #tars that have been
targeted — the summation of the cohorts in paia@l Note that while each
cohort’'s sampling closely approximates its underlying magnitudsrithu-
tion, the overall sampling is strongly biased toward brglgtars, especially
those near the faint limit of the short cohort. See t6i) for additional
details.

above) will manifest itself in a higher fraction of brighter
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particularly in the sparser halo fields, of being selected as
a MARVELS target and made unavailable to APOGEE. Ta-
ble[@ 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.sapt
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 giso
tion (“telluric”) lines and airglow emission lines. Of th&®3
APOGEE fibers observed on each plat85 are devoted to
stellar targets used to trace telluric absorption, a38 to
“empty sky” positions to sample atmospheric airglow. (Note
that some of the plates designed for commissioning observa-
tions had diferent 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 ara-calc
lated for all stellar targets in a field by spatially interatinhg
the contamination observed in the calibrator sources acros
the field (Nidever et alin prep).

5.1. Telluric Absorption Calibrator Targets

In the wavelength span of APOGEE, the primary telluric
absorption contamination comes from® CQO,, and CH,

lines, with typical equivalent widths 6§160 mA. The ideal
calibrator targets for dividing out such contamination Vadou
be perfect featureless blackbodies; to approximate thia-si
tion, we select35 of the bluest (thus hopefully hottest) stars
in each field to serve as telluric calibrators. Given#Teded
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 absorptioroasrthe
field. The temporal variations are incorporated by observin
the telluric calibrators simultaneously with the scierargeéts,
and the spatial variations are monitored by selectingriellu
calibrators as follows:

spectroscopic targets than is observed in the candidate tar The FOV of each field is divided into a number of seg-

get pool; down-weighting those over-represented targéts w
prevent the final derived property distribution (e.g., /e

mented, equal-area zones, with the number of zones being
approximately half the number of desired calibrators (3ge F

or RV) from being skewed towards those targets. This is in ure[). In each zone, the star with the bluest color (uncor-
essence the procedure explored by Schlesinger et al.|(2012)ected for reddening) is selected, which ensures thanBitri

in their analysis of the [Fel] 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-

cally red sources with possibly overestimated reddenitg va
ues §6.2 are not included in the sample. The second half of
the calibrator sample, plus-a25% overfill, is composed of
the bluest stars remaining in the candidate pool, regadies
positionin the field. (Telluric calibrator candidates anbject

to the same photometric quality requirements as the science
target candidates.) This dual-step process ensures thastl

magnitude bias in the final target sample was imposed as all of the telluric calibrators will come from the bluest ta

result of sharing telescope time with the Multi-Object APO

available, but also that they will not be entirely conceteda

Radial Velocity Exoplanet Large-area Survey (MARVELS; inone region of the plate (due to, say, an open cluster or-aran

|Ge et all 2008; Eisenstein et
served with fibers running to the MARVELS and APOGEE
spectrographs simultaneously. The MARVELS targets were
selected using proper motions and opfiddR photometry
(Paegert et alin prep, §2 of(Lee et al 1) but typically
inhabit the 03 < (J - Kg) < 0.9 and 55 H < 12 ranges of

11), when plates were ob-dom overdensity of blue stars in the field). No red color limit

is imposed on this calibrator sample. The telluric calibrat
targets chosen in this way have kipogeetarget2 = 9 set,
and they are prioritized above all science and “sky” targets
We note that observations of these hot stellar targets are pr
ducing a unique subsample of high-resolution, near-IRtspec

2MASS color-magnitude space. On co-observed plates, theof O, B, and A stars, with potential for very interesting swie

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,

beyond APOGEE’s primary goals (e.g., Appendi€Ed and

5.2. Sky Calibrator Targets
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TABLE 6
SiareD APOGEE+MARVELS Designs
Field Name Design ID(s) Field Name Design ID(s)
030+00 3959,4810, 4811 180+00 2031, 2034
030+04 3961, 4814, 4815 180+04 2030
030+08 3963,4818, 4819 180-08 4860, 4861
030-04 3960,4532, 4812, 4813 210+00 3235
030-08 3962,4530, 4816, 4817 210+04 3236
060+00 4610, 4820, 4821 210+08 3253,5415, 5416, 5417, 5418
060+04 3965,4538, 4824, 4825 210-04 3234
060+08 3967,4828, 4829 210-08 3229
060-04 3964,4537, 4822, 4823 HD46375 5411, 5412, 5413, 5414
060-08 3966,4826, 4827 M107 3233, 32505784, 5785, 5786, 5787
090+00 4619,4830, 4831 M13 3232,3251, 3252, 4696, 46975782, 5783
090+04 4531, 4834, 4835 M15 4534,4862, 4863
090+08 4611, 4612, 4613, 46144838, 4839 | M3 2027,3246, 3247, 5482, 5483
090-04 4533, 4832, 4833 M53 1942, 32313245, 5484, 5485
090-08 4615, 4616, 4617, 4618836, 4837 | M5PAL5 3239,3248, 3249
120+00 4628,4840, 4841 M92 3258
120+04 4624, 4625, 4626, 4624844, 4845 | N2420 1940, 3230, 3245421, 5422, 5423, 5424
120+08 4620, 4621, 4622, 4628848, 4849 | N4147 1941, 32445444, 5445
120-04 4842, 4343 N5466 2028,3256, 5486, 5487
120-08 4846, 4847 N5634SGR2 3238,3257, 4529
150+00 2029,4850, 4851 N6229 3240
150+04 4852, 4853 NGP 3968
150+08 4856, 4857 PAL1 4864, 4865
150-04 2030, 2033 SGR1 2031, 32435419, 5420
150-08 4854, 4855 VOD1 3237, 3254, 45285446, 5447, 5448, 5449
165-04 4858, 4859 VOD2 3969, 45355474, 5475, 5476, 5477
W.5i_H‘_‘HL::_FL: T el
r <~ | DS ] The pool of candidate “sky” calibrator positions for each
r 6/0\ [ o'~ 1 field is created by generating a test grid of positions span-
10F ,7 \ + /e O\ - ning the entire FOV of the field (with grid spacingl/2 the
T °© N -~/ o\ | fiber collision limit), and then comparing each positionhe t
Lo~ 9 ° | < N AN entire 2MASS PSC to calculate the distance of the nearest
0.5 /’ ° ol /o _ o NP ‘\ | stellar neighbor. Only positions meeting the same “nearest
e o 7° ’ “a ‘/\ , | neighbor” criterion applied to the science target candislat
o / \ 11 (=6 arcsec§ are considered as candidates. The positions
i o/ \ 0
2 (oQfLb---dt g mm— - L _ _L _ _ _ 4] arenot prioritized or sorted by nearest-neighbor distance
< Tlle o U \ °9° ) I o 11 After the pool of candidate positions is generated, the fi-
r ‘\ \ N $ )0 1 | naltargetlist is selected in a method somewhat similarab th
r ® p ~_ _ .7 N I 1 of the telluric calibrators described abo . The FOV
—-0.5 -7 r TN
TN 30\ R4 ~ o /’ 1 is divided into the same number of zones as used for the tel-
Y % "o \{d, oA 5y 1 luric standards (Figui@), and candidates are drawn from each
_1 0k AN // T \\ ‘/’/ 1 zone to ensure relatively even coverage of the background
L N ! 8. , 1 spatial variations. In this case, however, up to eight candi
r S/ o : v’ ] dates are randomly selected from each zone, to ensure suf-
150 S~ _ 4 __--7 1 ficient available targets, and the final list of submittedér
B \ L 1) \ \ positions is randomly prioritized after the telluric andesxe
15 —-10 =05 00 05 10 1.5 targets. Allsky position “targets” have bpogeetarget2=
Al 4 set.

Fic. 8.— The use of field “zones” in the selection of telluric stards §5.1)
and sky fibers §5.2), using the fieldd60+00 as an example. The dotted
lines demarcate the 18 zones used in the selection of thelddctstandard
candidates (empty black circles; total number includes% agerfill pool to
reach 35 final targets). We select the bluest star in eachawhéhen add the
N bluest stars remaining in the field, regardless of positigmereN is the
needed remainder (in this case, 26 stars). For the sky fibigist “empty”
positions randomly selected from each zone form the pohfachich the
final 35 sky fiber positions are drawn.

In addition to telluric absorptiorgmissivespectral contam-
ination is contributed by IR airglow lines (primarily due to
OH), scattered light from the Moon and light pollution, unre
solved starlight, and zodiacal dust. We dedica38 fibers per
plate to “empty” positions that are chosen as represemtafiv

We emphasize that these sky spectra are used to produce
maps of atmospheric airglow with high spectral, temporal,
and angular resolution with every single observation. Tiou
APOGEE is using these data simply for calibration purposes,
they could be used to extract a wealth of information on the
physical conditions, chemical composition, and vari&pif
Earth’s atmosphere itself.

6. EVALUATION OF TARGET SELECTION ACCURACY AND
EFFICIENCY WITH YEAR 1 DATA

In this section, we assess the performance of the two
primary target selection criteria (other than magnitude):
Washingtor-DDO51 dwarfgiant classificationg6.1) and the
dereddened) - Ks)g color limit (§6.2). Our goal was to de-
termine to what extent these procedures are producing the de

the sky background in the science target fibers for the givensired target sample and ascertain what changes, if anyedeed
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to be made to improve accuracy anti@ency in Years 2-3  distribution for these same stars. Comparison to the under-
of APOGEE. These evaluations of the target selection algo-lying mean population (shaded histogram) demonstrates tha
rithms are based on the spectral reductions and derivédrstel the small fraction of luminaosity classification errors does
parameters that comprised a nearly-final version of the DR10significantly bias the final targeted sample in metallicity.
dataset. We have removed stars with totANS< 50 and

stars with reporteder < 3600 K or Teg > 5800 K, where 6.2. Dereddening an@J — Ks)o Color Criteria
the stellar parameter calculations are strondfigated by this The intrinsic color limit imposed on the surveyJ{ Kgo >
pipeline version’s stellar parameter grid limits. 0.5) has been made to reduce bias against metal-poor giants

. . . (84.3); the color of the giant branch at the level of the horizon-
6.1. Washingtor DDO51 GianDwarf Separation tal branch for a solar metallicity isochrone s{Ks)o ~ 0.73,

As described iff4.2 Washingtor-DDO51 photometry can  while stars at the same evolutionary stage witty fe~ —1.3
provide additional leverage for the classification of dvaarfl ~ have (J — K)o ~ 0.53 (Girardi et al. 2002). Here, we evaluate
giant stars, which is particularly useful foffieient targeting  the accuracy of the dereddened color selection —i.e., vélneth
in the dwarf-dominated halo fields. Here, we assess the reliathe spectroscopites distribution matches what is predicted
bility of this classification algorithm. by the dereddened (- Ks)o distribution.

In Figure@a, we show the distribution of ASPCAP lay In the top two panels of FigulgQ, we directly compare
values for stars classified as giants and as dwarfs usinghe uncorrectedX— Ks) and RICE-corrected ¢ Kg)o colors
Washingtor-DDO51 photometry, observed in 32 halo fields to the ASPCAP-derived spectroscofiig: values for stars in
(b > 18) during the first year of APOGEE operations. 13 fields — spanning bulge, disk, and halo environments —
(After application of the 8N and ASPCAP parameter lim- that were observed during APOGEE commissioning and Year
its described above, these stars compxi6&% of the total 1 (GALCEN, 004-00, 006+06, 01G+00, 010-02, 014+02,
sample observed in these fields as of October 2012.) Thed60+04, 096-04, 090-08, M13, M71, SGRC&ndVOD3J).
black line, shaded histogram represents stars that were nothe left-hand panel (Figui&Qda) shows the range of uncor-
targetedas either WashingtetDDO51-classified giants or rected ( — K¢) colors observed in these fields, where the wide
dwarfs. This category comprises stars that do not have Washwvariety of reddening environments produces a wide range of
ingtork-DDO51 photometry meeting the quality requirements reddened colors,.b < (J — Ks) < 4. The right-hand panel
described ing3.3 — fainter stars, stars in fields completely (FigurelLOb) shows the much narrower RICE-corrected color
lacking WashingtomDDO51 data, and stars falling beyond range (note the reduced abscissa scale). In both plots, the
the edges of the Array Camera CCD chigfl.) — as solid red line indicates the mean color-temperature @lati
well as starsvith Washingtor-DDO51 classifications but ob-  for giant star isochrones spanning a range of metallicities

served on designs that did not incorporate any selection or(—1.5 < [Fe/H] < +0.2; from 2). In Fig-
prioritization using those classifications. The blue andl re ure[IOb, the dotted red lines to either side of this relationship
dotted-line distributions explicitly indicate these &tiVash- represent a zone of “reasonable agreement”, after coisider

ingtork-DDO51 giant and dwarf subsamples. The shaded dis-the intrinsic range of J — K)o for the set of isochrones at a
tribution demonstrates that the halo is indeed heavily pop-givenTes combined with the typical uncertainties of the stel-
ulated by dwarfs within APOGEE’s magnitude range, and lar (J — Kg)o values. These typical uncertainties are shown in
the distinct peaks of the WashingteRDO51-classified gi-  the upper right-hand corner of the upper panels.
anfdwarf log g distributions indicate the method’s ability to These panels demonstrate that, by and large, the RICE
separate the populations relatively cleanly. dereddening method performs very well at recovering the in-
The solid blue and red lines in Figula represent the trinsic (J — Kg)o color associated with the spectroscopig
log g distributions of stars that were deliberately targeted for each star. In Figuré®Qc, [I0d, andICe, we show distri-
as WashingtomDDO51 giants and dwarfs, respectively, us- butions of stellar parameters ([fF§, log g, and T, respec-
ing the prioritization described i§7.1 (basically, all giants tively) for stars lying outside the zone indicated by thetaas
before dwarfs). We include these distributions to show the red lines in FigurdlOb, which comprises15% of the stars
significantly higher fraction of giants among the photomet- shown. The ordinate axis is the number of “mis-corrected”
rically selected sample, compared to that among the non-stars in each parameter bin normalized by the total number of
photometrically selected field sample. stars in that bin. Clearly, stars in the following ranges af p
For the combined data of these fields, and using a valuerameter space are most likely to be reddening-corrextey
of log g = 35 as determined by ASPCAP to discrimi- from the theoretical color-temperature relation: low rieta
nate giants and dwarfs, we find tha4.2% of the Washing- ity ([Fe/H] < —1.1), very high or very low surface gravity
ton+DDO51 “giants” are actually dwarfs and27% of the (logg < 0.5; logg > 4.5), and low temperaturd{s < 4000
Washingtorr-DDO51 “dwarfs” are actually giants. In Fig- K). Some fraction of these apparent outliers is likely dumto
ures@ and c, we show th&e; and [Fe¢H] distributions of accuracies in the ASPCAP results, which may be correlated;
these “misclassified” stars (blue and red lines), along thigh ~ for example, a giant star assigned an erroneously Tggl
distribution of these properties for stars either withoWash- may also be assigned an erroneously lowgoBeyond these
ingtort-DDO51 luminosity class or targeted with no reference issues (which will be improved in future versions of ASP-
to that class (shaded histogram, same stars in the shaded hi€AP), the observed behavior may be due to one or more of

togram in Figur@a). the following:

The majority of the “misclassified” stars have 47860 ¢ < (i) The trend for mis-corrected stars to be more metal-poor
5000 K, corresponding to the range ™  T,) colors where  suggests that stars with [Ad¢] < —1.1 do not meet RICE’s
the dwarf and giant loci increasingly overlap (FigiBe in- specific assumptions of color homogeneity. We examined the-

spection of thel — T2), (M — DDO5I) color-color diagram  oretical stellar colors — specifically, thél (- [4.5u])o color
reveals that nearly all of the rest lie very close to the “dwar used by the RICE method4.3 — and found that, start-
locus” for their field §4.2). FigureBc contains the [Fél] ing around [F¢H] ~ —1.3, the predicted stellar color does
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Fic. 9.— Distributions of ASPCAP log values for stars in halo field® (> 18°) observed during APOGEE's first year of operatio(a): Log g values for
stars targeted without reference to a Washing®@DO51-derived luminosity class classification (shadedolgism), the subsets of stars classified as Wash-
ingtor-DDO51 giants (blue dotted line) and dwarfs (red dotted lim&f) not targeted as such, and stars intentionally targetéd/ashingtorDDO51 giants
(blue solid line) and dwarfs (red solid line}b): The distribution ofTe; values for stars incorrectly classified as dwarfs or giaat®pting logg = 3.5 as a
discriminator. The blue line represents stars classified/ashingtor-DDO51 giants but with dwarf-like ASPCAP gravities (i.e.glp > 3.5), and the red line
indicates stars classified as WashingtbO51 dwarfs but with giant-like ASPCAP gravities (i.e.glp < 3.5). The shaded histogram contains the same stars
as the shaded one {a), and each of the three lines shows the fractional distdbufic): Similar to(b) but for [FeH].
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Fic. 10.— Comparison between NIR colors and ASPCRR values for stars observed in 13 bulge, disk, and halo fieldsgl APOGEE commissioning
and Year 1.(a): Uncorrected J — Ks) colors of the stars. Because this sample comprises fietdsng both the heavily-reddened bulge (down,fo = 0°, 0°)
and the low-reddening halo (up fid = 56°), the range of observed colors is broad. The solid red lifka@docus of color-temperature spanned by giant star
isochrones{1.5 < [Fe/H] < +0.2;[Girardi et al[2002). The typical color afidg uncertainties are shown by the errorbars in the upper rigintse. (b): Almost
identical to(a), except for RICE-corrected ¢ Kg)o colors instead of observed ¢ Ks). The representative color uncertainty now includes uaggres from
dereddening. The dashed red lines to either side of the lsmdidepresent the 1o- range for which we consider stars to be in good agreementthéttheoretical
color-temperature relationship (see text): Distribution of [FgH] values for starsiotin the range of good agreement indicatedh)) scaled bin-by-bin by the
distribution of [F¢H] for all stars in this samplgd): Similar to(c) but for stellar logy values.(e): Similar to(c) but for stellarTes values.
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indeed increase with decreasing metallicity, which gaalit these possible variations are not a major contributor to the
tively would produce an fiiset in the direction observed in  observed scatter from the isochrone color-temperatuee rel
FigureIOh. This dfect was not observed or discussed by tion (for discussions on variations in the NIR-MIR extitocti
Majewski et al. [(2011) in their establishment of the RJCE law throughout a range of reddening environments, see e.g.,
method because in the inner Galactic midplane fields thatNishivama et dl. 2006; Zasowski eflal, 2009; Gao ét al. 2009).
were the focus of that work’s calibration and analysis, the
mean stellar metallicity is high enough that the as)s/umption /. STELLAR CLUSTERS
of a common [ — [4.54])q color is valid. A large number of known stellar clusters, both open and
However, we note that the amount of overcorrection pre- globular, fall within the APOGEE survey footprint, and we
dicted by theoretical colors is inflicient to explain the full target these under two general classifications: “calibréti
range of dfset observed. For example, a star with /[Hg ~ and “science”. Calibration cluster§4J) are defined as those
-15 is expected to haveH(— [4.5u])o ~ 0.09, a diference  Wwith confirmed members having well-determined stellar pa-
in color of 0.04 from that assumed for a halo star with WISE rameters and abundances. The classification name is perhaps
data, corresponding taJ—Ks)o ~ 0.06 (Equatiofl). Some  something of a misnomer, since we expect to extract interest
stars haveA(J — K)o of several tenths of a magnitude, so ing science from these objects as well, but it was chosen to
another (perhaps additional) factor i§e&ting the observed distinguish them from the comparatively poorly-studiedi~s
distribution. Nevertheless, because this overcorreatiay ence” clusters{7.9 that lack well-characterized stellar data
remove desirable targets from our sample, particularipen t  and definitive membership.
lower-metallicity halo fields, we have adopted the SFD red-
dening maps in certain fields as an upper limit on the amount
of extinction correction applied to a given star, as desttib Observations of cluster populations with well-characiedli
more fully in §4.3.1 stellar parameters and abundances from existing high-
i) One important caveat discussed by Majewski ét al. resolution optical spectra are critical for testing andorat-
(2011, their§2.1) is that the RJCE method systematically ing the ASPCAP pipeline. This step is essential for obtajnin
overestimates the reddening to very late-type dwarfs (@& accurate abundances of a large sample of widely distributed
K or M types) and stars with circumstellar shells or diskg(e. field giants, an integral part of the survey goals listeg{Ih
asymptotic giant branch stars and pre-main sequence spject and clusters are ideal calibrator resources because they in
because their colors, even at near- and mid-IR wavelengthscrease observingfiéciency (since many targets can be ob-
are significantly redder than the blackbody-like colorsypi+ served simultaneously), span a range ofdag a common
cal normal giants of the same spectral type. Inlate dwdrifs,t  abundance, and have a much larger quantity of published data
is due to the presence of atmospheric molecular bandsdnclu than typical field stars. (Most of the non-cluster calibrato
ing TiO and HO. (In any case, the color-temperature relation sources are described$8.1)
shown in Figur@@o is specifically for giant stars and diverges ~ Furthermore, APOGEE is targeting additional cluster mem-

7.1. Calibration Clusters

substantially from that of dwarf stars aroumg: < 4000 K, bers currently lacking such detailed abundances to improve
so the high fraction of “mis-corrected” stars with lgg: 4.5 our limited understanding of globular cluster formation.
is, by definition, not surprising.) APOGEE’s access to thd-band enables it to measure abun-

The dfect of this overestimation is that these stars are sys-dances for many of the light elements that show variations
tematically overcorrected to improperly blue colors. How- in globular clusters, including C, N, O, Na, Mg, and Al. In-
ever, as also pointed out by Majewski et al. (2011), the vol- deed, a ubiquitous feature of globular clusters is the sfite
ume probed by M dwarfs within APOGEE’s magnitude limits strong anti-correlations between the relative abundantes
is extremely small so we do not anticipate many to fall in light elements, such as Na—O, C-N, and Mg-Al (e.g, Kraft
our sample, ang4.3 contains a description of the small frac- ﬁ 1994; Shetrone 1996). APOGEE’s multi-object capability al
tion (~1%) of AGB stars anticipated in the APOGEE sam- lows for observations of large numbers of cluster stars,sgho
ple. Furthermore, we note that this overcorrection may-actu abundances will be determined homogeneously.
ally have improved our giant selectioffieiency by removing Twenty-five of APOGEE's halo fields are placed deliber-
some cool dwarfs from the APOGEE color-magnitude selec- ately on open and globular stellar clusters with at leastesom
tion box; this phenomenon is particularly helpful in thedhal stars having well-measured stellar parameters (27 chuster
fields, which have an intrinsically higher dwggiant ratio. total; see Tabl&). The halo globular cluster fields present
For this reason, we have chosen to continue using the RICRinique target selection challenges due to the highly veriab
dereddening method, cognizant of the fact that the comlecte target densities in these fields, so we have developed aaspeci
“(J-Ks)o" values may not be an accurate representation of thetargeting algorithm and prioritization scheme for thessesa
intrinsic near-IR colors of these particular stars, thotigh One of the main challenges for target selection in the glbul
effect will be modulated by the inclusion of the SFD redden- clusters themselves is avoiding fiber collisions amongedjos
ing values as upper limits on the stellar reddening cormasti packed cluster members. We take advantage of the multi-

(i) A uniform extinction law was assumed to convert the ple designs made for a given field to carefully assign stars
RJCE reddening int&(J — Ks) across all fields, which may to designs in which they will not collide with their neighisor
induce unaccounted-for systematifsets if a field (or sub-  (which are assigned toffiérent designs), thus minimizing the
set of stars in a field) has in reality afidirent relationship  loss of these valuable targets to avoidable fiber collisions
betweenE(H - [4.54]) and A[Ks]. However, even assum- To further increase our yield of cluster members, we also
ing the most extreme level of variation in the sample (e.g., include “faint” targets: stars that are0.8 magnitudes fainter
half the stars behind very dense “dark cores”), the inducedthan the magnitude limit of the longest cohort in the field.
scatter is on the order af0.1 mag, and the observed stellar Even though the “faint” targets will not meet the magnitude
colors do not indicate that any significant fraction of stegs  limit required to reach 8N = 100 for the number of visits in
in these extreme environments. Therefore, we conclude that given field, we typically expect the “faint” targets to have
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TABLE 7
CALBRATION CLUSTERS
Cluster Name  Alt Name [F7El] (ref.) log(aggyr)? (ref.) APOGEE Field
Berkeley 29 —0.31+0.03 (1) 9.0 198+08
Hyades +0.13+0.01 (2) 8.8 (17) HYADES
M45 Pleiades +0.03+0.02 (3) 8.1 PLEIADES
NGC 188 —0.03+0.04 (4) 9.6 N188
NGC 2158 —-0.28+0.05 (4) 9.3 (18) M35N2158
NGC 2168 M35 -0.21+0.10 (5) 8.0 M35N2158
NGC 2243 —-0.48+ 0.15 (6) 9.6 (19) N2243
NGC 2420 —0.20+ 0.06 (4) 9.0 N2420
NGC 2682 M67 —0.01+0.05 (4) 9.4 M67
NGC 4147 -1.78+0.08 (7) GC N4147
NGC 5024 M53 -2.06+ 0.09 (7) GC M53
NGC 5272 M3 -1.50+ 0.05 (7) GC M3
NGC 5466 -2.31+0.09 (7) GC N5466
NGC 5634 -1.88+0.13 (8, 9) GC N5634SGR2
NGC 5904 M5 -1.33+£0.02 (7) GC M5PALS
NGC 6171 M107 -1.03+0.02 (7) GC M107
NGC 6205 M13 -1.58+0.04 (7) GC M13
NGC 6229 -143 (8, 10, 11) GC N6229
NGC 6341 M92 -2.35+0.05 (7) GC M92
NGC 6715 M54 -1.49+0.02 (8, 12) GC M54SGRC1
NGC 6791 +0.47 + 0.07 (13) 9.6 N6791
NGC 6819 +0.09+ 0.03 (14) 9.2 N6819
NGC 6838 M71 -0.82+0.02 (7) GC M71
NGC 7078 M15 -2.33+0.02 (7) GC M15
NGC 7089 M2 -1.66+ 0.07 (7) GC M2
NGC 7789 +0.02+ 0.04 (4) 9.2 N7789
Palomar 5 -1.41+0.20 (8, 15, 16) GC M5PALS
Rererences.  — (1) [Sestito etal.[(2008), (Z) Paulson et al. (2003), [(3yesblom etal.

dm) (4] Jacobson etldl. (2011), [(5) Barrado v Navasetiak [2001),

(ni

mog) GBIEEniE(ZOm) mmmv” (1984),

dIQB)
(1998), (18] Carraro et al.(2002), (

[mal [{(2007), (14)

mﬂﬂ (12) _Carrefta ét @:oa
Bragag |a Bragaglia et 3l.[{2001), (1%) Geisler ef ere al._(1997), ( M) (17)_Perryman et al.
M@mm

Nore. — Metallicities from the_Harris[(2010) catalog (ref. 8) lealseen shifted from their
original values onto the scale [of Carretta étfal. (2009);qiheted uncertainties are drawn from
the original references cited and are therefore approgmat
2 A “GC” denotes a globular clustelr (Haifis 1996, 2010). Oplaister ages without a reference
are drawn from WEBDAhhttp://www.univie.ac.at/webda/.

S/N ~ 70, a level sfiicient for measuring the stellar param-

In contrast to the selection of field RG stars, the importance

eters and abundances of some elements. This strategy allowsf particular stars in the halo fields varies wildly, from the

us to probe to fainter magnitudes without investing twice th
number of visits for a given field to increase th&NSrom
~70 to 100 for only a few stars.
apogeetargetl= 29 set.

Unlike the densely-packed clusters, the halo fields outside
of the cluster boundaries have a very low density of stars, ne
cessitating the targeting of stars which would otherwise be
avoided. For example, fibers remaining after all possihle-cl
ter members and WashingteBDO51 giants have been as-
signed may be placed on stars lacking Washingi@DO51
classification or even on WashingteRDO51 dwarfs. In the
cluster halo fields and other fields with Washingi@DO51
photometry, the fibers available for these lower priorigrst
are generally dticiently few in number that we do not at-
tempt to sample the stars evenly in magnitude, like Xife
sampling scheme for the “standard” target selection diesdri
in §4.5 instead, these targets are chosen (if there are enough
to present a choice) at random with respect to magnitude. (Fo
the halo fields without WashingteiiDDO51 data, the stars are
sampled using the method described for the short cohorts in
§4.3) In addition, for most halo fields, we widen the color
range relative to the “standard” target selectiah{[Kg]o >
0.3, rather than 0.5; Append&.) to increase the number
of potential targets, especially in the higher priorityssas
described below.

invaluable cluster members to the low priority field dwarfs.
To ensure that we are targeting the most useful stars fiest, th
“Faint” targets have bit halo globular cluster target selection algorithm separstiars
into the following priority classes based on their desiigbi

1. cluster members confirmed via high resolution optical

spectroscopy, with existing measurements of stellar pa-
rameters and abundances (ranging from a few stars to
>50 stars in the most well-studied clusters),

. cluster members confirmed via proper motions (proper

motion-based membership probabilit$0%)

. cluster members confirmed via radial velocity (RV)

measurements,

. likely cluster members with proper motion membership

probability 50— 90%,

. “faint” cluster members confirmed via high resolution

optical spectroscopy,

. “faint” cluster members confirmed via proper motions

(probability>90%),

. “faint” cluster members confirmed via RV measure-

ments,


http://www.univie.ac.at/webda/
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8. “faint” likely cluster members with proper motion multiple clusters provides a direct assessment of the chemi

membership probability 58 90%, cal evolution of the Galactic disk over the past several Gyr.
The open cluster population thereby provides a rich dataset
9. SEGUE overlap target§§.9), through which the star-formation history and chemical evol

10. “faint’ SEGUE overlap targets tion of the Galaxy can be explored and compared to the pre-
' ' dictions from numerical chemodynamical models.
11. Washingtor-DDO51 giants §3.3 with (J-Kg)o > 0.3, APOGEE'’s wavelength coverage allows it to probe heav-
ily reddened clusters previously inaccessible to many -spec
12. *faint” Washington+ DDO51 giants with § — Ks)o > troscopic surveys, and the RV precision idfisient to dis-
0.3, tinguish the kinematical signature of cluster member candi
. . dates from that of the underlying stellar disk. Furthermore
13.red (U — Ko > 05) targets without Washing-  yhe gpectral resolution of APOGEE enables measurement of
ton+DDO51 gianfdwarf classification, both [FgH] and [o/Fe] with the precision required for full
14. blue (03 < [J - Kg]o < 0.5) targets without Washing- Ch%r]?'dﬁ?g rgi;:::]agﬁgfgsoggg Ccl;lljussfte;rmcear?\3%ras£teasrsl;al|ing
ton+DDOS1 giantdwarf classification, and serendipitously within APOGEE's fields were identified in
15. Washingtor-DDO51 dwarfs with § — Kg)o > 0.3. the online catalog based 6n Dias et al. (2002), and the ma-
) o ] ) jority have no spectroscopically confirmed members. Lists
This prioritization scheme is absolute in the sense thas sta of candidate members were generated using the methodology
of a higher priority class will always be selected over a star (g pe explained in detail by Frinchaboy et ah prep. Fig-
from a lower priority class within the same cohort (excepsio  re[T7 demonstrates the stages of this identification. In sum-
are noted in Append[g.2). Stars belonging to multiple prior-  mary, this method isolates overdensities in both the spatia
ity classes are submitted as members of their highest dlaiss b anq extinction distributions of stars within a few clustadii
may have multiple targeting bitmasks set from the multiple of the published cluster center (with stellar extinctiores d
classes. The cluster members argiisiently valuable thatwe  jyed using the RICE techniqlie; Majewski ef al. 2011). Then,
ignore any 2MASS quality flags for these stars. The cluster j _ k) color andH magnitude limits, as well as visual ex-
member lists, along with the membership probabilities Base amination of the corresponding NIR CMD, are used to iden-
on spectroscopy, RVs, and proper motions, will be presentedify the highest-priority cluster stars, particularly Semost
in subsequent papers analyzing the APOGEE data. All of thejikely to be cluster RC or RGB stars. Though the open clus-
calibration cluster member stars have bigeetarget2=2  ters have significantly lower stellar spatial density thaamgn
andor 10 set, as appropriate, Washingt@DO51 giants or  of the calibration clustersiz.J), we still minimize fiber col-
dwarfs have biapogeetargetl= 7 or 8 set, respectively, and |isions by distributing targets among multiple designstfa
SEGUE overlap targets have bipogeetargetl= 30 set. cluster’s field, to maximize the final number of cluster tasge

We utilize the same target selection algorithm for the few gpserved. Open cluster candidate members targeted wéth thi
long non-cluster halo fields, with the obvious exceptiorheft  method have biapogeetargetl= 9 set.

cluster member classes; the prioritization for these figtlaits

with any SEGUE overlap targets that are present. 8. ADDITIONAL TARGETS
) The wavelength coverage of APOGEE, combined with the
7.2. Open Clustergr Cluster Candidates observational cadence and multi-fiber capability, enahles

In addition to the well-studied stellar clusters in Tafle  wide range of science beyond the primary survey goals. A
APOGEE is targeting a large number of open clusters andnumber of secondary target classes have been defined to meet
cluster candidates in the disk that either have no previmssm  additional science goals, which either were included in the
surements of cluster parameters (i.e., age, distancgiiFe original survey scheme or have arisen from the community as
or only have measurements based on a very small number oAPOGEE’s capabilities became better understood. Here, we
stars. The detection and study of open clusters have proven t present a brief overview of the customized targets founden t
be of great benefit tou-nderstanding the chemo-dynamics ofAPOGEE sample.
the Galactic disk (e.glL, Fri€l 1995). Open clusters represe . . . .
single stellar popu(lat?ons ata singl)e disrfcance, with a cgﬁm 8.1. Special Galactic Bulge Giants and Supergiants
chemical composition and a common age. But unlike globu- Extensive photometric and spectroscopic studies have
lar clusters, the open clusters as a population span theidng targeted Baade’s Window, a low-extinction region of the
ages necessary to trace the recent history of star formiation bulge at (,b) ~ (1°,-4°), and other bright bulge stars with
the disk. With comparisons to theoretical stellar isocles)n  lower-than-average extinction. Thesfoets have resulted
the cluster’s age, distance, and metallicity can be estichat in a moderate sample of bulge stars, especially in Baade’s
from photometry alone. Window, with well-determined parameters and chemical

In addition, spectroscopiaatasets of open cluster mem- abundances from medium- and high-resolution spectroscopy
ber stars provide (i) a precise estimate of the mean kinemat-APOGEE is also targeting many of these stars to calibrate the
ics for the cluster, (ii) independent estimates of the mean ASPCAP pipeline, confirm and expand upon the interesting
chemical abundances of the system, and (iii) RV member-abundance patterns observed in some of the stars, and

ship discrimination, which tightens the constraints omg®i  probe the abundances and kinematics of the bulge. Our
(i) and (ii). Furthermore, spectroscopically-derived mhe  sample includes late-type bulge giants frmith
istry can be combined with stellar photometry to break the ), mg IﬁOG), [ Zoccali et al.[_(2006),
age-metallicity-distance degeneracies inherent in isow  [Lecureur et dl. [(2007),_Fulbright eflal. (2007), Cunha &t al.
fitting and to determine robust ages for the stellar popula- (2008)/ Meléndez et al. (2008), Ryde el al. (2009), Rydeélet a
tion. The combination of ages and chemical compositions for (2010), and Alves-Brito et all (2010), all observed withtig
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Fic. 11.— Selection of candidate open cluster members, usinG B&802 as an examplda): Spatial distribution of stars within 2 cluster radR)(of the
cluster center (inner dashed ring:= 2 arcmin, outer dashed ringR2= 4 arcmin). All stars are shown as black points, open bludesrare overplotted on the
stars within 1.R that meet the extinction criteria shown(in), and filled blue squares are overplotted on the final higbrityitargets.(b): Distribution of A(Ks)
extinction values for all stars withinR(black points). Open blue circles are overplotted on thtee svithin 1.2Rand with 0< A(Ks) < 0.25. (c): 2MASS CMD
of all stars within R (black points). Open blue circles are on the stars defingh)irand the dashed lines enclose the color-magnitude zonetusetect the
final target sample, indicated by solid blue squares. An Qi7isdchrone[(Girardi et al. 2002) with distance modylus 12.5 and reddenindg(J — Ks) = 0.35
is shown in red.

resolution R > 30,000). We also include targets from earlier  In two fields 358+00 and GALCEN, we specifically tar-
studies at lower resolution (1600 < R < 30,000), namely  get~38 AGB candidates from the samplemh al.
the work of [McWilliam & Rich (1994), [ Rich & Origlia ~ (2003), who used D and CO absorption, ISOGAL mid-IR
(2005), and Zoccali et al. (2008). excesses, and light-curves to identify these stars basttion
There is considerable overlap among these studies — forhigh mass-loss rates, chemical composition,/andariabil-
example, all of the stars in the samples| of Meléndezlet al.ity. These targets have g H < 12, a range chosen to assure
(2008), Ryde et all (2009), and Alves-Brito et %I. %Ologewer high continuum AN but also to avoid saturation, given the
selected from the stars observed earlier et al.potential 1- 2 magH-band variability. The final sample was
(2006). Since dferent wavelength ranges, instruments, and selected and prioritized based on the presence of extaat pho
techniques were used when analyzing these overlapping samtometry (spanning.2 — 15um), low-resolution near-IR spec-
ples, they provide an excellent measure of the systematie sc tra (JHK bands| Schultheis etlal. 2003), mid- to far-IR spec-
ter between studies. Coordinates and 2MASS names for thdra (e.g., from ISO oSpitze}, andor high resolution optical
stars identified only b the.fiS) numbers are drawn spectra with characterization of Li and s-process elements
.(2011)

from Table 1 o all of which make these valuable sources for cross-calimat
In addition to the Baade’s Window studies, APOGEE has of stellar parameters and abundances. These AGB targets

a number of targets in common with the BRAVA (Rich et al. have among the coolesffective temperaturesS{; < 3500
2007; Kunder et al. 2012) and ARGQOS (Ness ¢t al. 2012) sur-K) in the APOGEE stellar sample, which makes them use-

veys. Both of these programs were carried out from the South-ful for developing and testing the ASPCAP pipeline at the
ern hemisphere, while APOGEE operates from the North, butlow end of the temperature grid (Garcia Perez etimlprep;
the surveys complement each other in the bulge. These$argemmﬁ2). Included in this sample are sonteeof t
— ~175 from ARGOS and-90 from BRAVA — are located intrinsically brightest AGB stars in the bulge (e.g., thesth
in APOGEE'sBAADEWINandBRAVAFREHields. Mpol < —7), which may comprise the most massive AGB stars
In a total of eight bulge and inner midplane fields with< (see e.gl, Garcia-Hernandez et al. 2006, 2009).
| < 20°, we target~110 giants and supergiants with existing  Furthermore, this bulge AGB sample provides the opportu-
HK-band low-resolution spectroscopy fram_Comeron et al. nity to study AGB nucleosynthesis in a relatively high metal
(2004). This subsample is drawn from the larger Comeron licity environment. For example, théC/3C isotopic ratio,
et al.spectroscopic catalog, which consists of stars withwhich is not easily accessible at optical wavelengths ise¢he
K < 10, with strong CO bands, and without contamina- O-rich stars, can be derived from molecular features irtthe
tion from detector artifacts or nearby bright sources, as as band APOGEE spectra (Smith etlal. 2012) and used as an in-
sessed from visual inspection of NIR imaging (see details dicator of “hot bottom burning” (e.g., Garcia-Hernane¢al.
in [Comerbn et dll_2004). In th&ALCEN field, spanning [2007). Ca, Na, and Al are other important elements accessi-
the Galactic Center, we also include M supergiants from ble by APOGEE that are expected to be strongly altered by
the Quintuplet and Central clusters with abundances mea+the nucleosynthetic processes experienced by AGB stars (e.
sured from high resolution spectroscopy (Carr et al. 2000;Karakas et &l. 2012, and references therein). Finally, m co
Ramirez et al._20( 20 0;_Cunha et al. 2007; Davies kgt al. 12009),trast to ordinary M giants, AGB stars have a complex atmo-
other giants and supergiants selected by low resolien  spheric structure that poses large challenges to reliabl m
band spectroscopy (Schultheis et al. 2003; Blum ket al.|2003;eling of their atmospheres. Given their large pulsation am-
[Mauerhan et al. 2007; Mauerfian 2008; Liermann ket al.|2009,plitudes, AGB stellar atmospheres can only be described by
and M. Schultheis, T. R. Geballe, and C. DeWitt, private com- advanced hydrodynamical model atmospheres that are cou-
munication), and probable supergiants, as identified bl the pled with dust formation (e.d., Hofier 2012). The sample of
JHKs photometry, within ®@5° of the Galactic midplane. AGB stars for APOGEE will provide important inputs for de-
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veloping and testing these complex model atmospheres.

In the targeting bitmasks for all of these stars,
apogeetarget2= 11 indicates a spectroscopically-confirmed
giant, apogeetarget2 = 12 indicates a supergiant, and
apogeetarget?2 = 2 indicates the star is also a stellar
parameter arfdr abundances standard.

8.2. Sagittarius dSph Core and Tails

The Sagittarius (Sgr) dwarf spheroidal (dSph) galaxy is one

of the most massive of the Milky Way’s surviving satellite

galaxies (exceeded only by the Magellanic Clouds), and its

distorted core and extensive tidal tail§ey an opportunity to

observe the ongoing process of * galactlc cannibalism” that n
ur present-day GaIaX),

has been so influential in assembling
e.g., Ibata et al. 1994; Newberg etlal. 2002; Ma|ewsk| et al.
2003 ) The core of Sgr lies30 kpc from the Sun in the

direction of the Galactic Center, with a latitudd 2> below

the midplane, and the tails have been observed to wrap mor

than 360 around the Milky Way. The properties of these
components — including kinematics and metallicity gradi-
ents [(Chou et al. 2007; Keller et/al. 201.0; Chou ét al. ?
— record the history of not only the Sgr dSph itself but also
its interaction with the Milky Way.

APOGEE has placed fields covering the Sgr core and
In the stream
fields, candidate Sgr members are targeted based on a s

multiple locations along the tidal streams.

lection of 2MASS M giants[(Majewski et Bl. 2003). In the

core, the same M giant selection process is used, supple;
mented by targets with membership based on kinematics de:

rived from medium resolution spectroscody ¢ 15,000;

[Frinchaboy et dl. 2012). The target bitmasks of these stars
have bitapogeetargetl= 26 set.

8.3. Kepler Targets

Since its launch in 2009, NASAKepler satellite has been
monitoring the photometric variations efL.5 x 10° stars in
a 105 deg patch of sky towards the constellation Cygnus
(Borucki et al/ 2010).Keplers high temporal resolution and

010)

21

were allocated 40 visits in total (approximately 40 hours of
integration), with unique targets selected for each visiait
field.

By combining fields that APOGEE had already planned to
observe during Year 1 (e.g., those containing the open clus-
ters NGC 6791 and NGC 6819) with the 40 additional vis-
its to APOGEEKepler fields over the course of the survey,
the plan is to target10,000 stars within th&epler survey
footprint. The final count will be dependent on weather and
fiber collisions. The spatial density of potential targetioas
the Keplerfield of view determines the distribution of the 40
allotted visits among the 21 APOGB#kepler fields, though
each field is guaranteed at least one visit. idiplertargets
the APOGEEKepler fields are required to lie within the
magnitude range £ H < 11 and have anfiective tempera-
ture cooler than 6500 K, as determined by Pinsonneault et al.
(2012).

Stars with detected solar-like oscillations comprise tlze m

?onty (~87%) of the sample. These includé40 dwarfs ob-

served withKeplers “short cadence” mode, with the remain-
ing spots reserved for8000 red giant targets with longer-
period oscillations. Because the number of available candi
dates for these spots is much larger (Kepler dataset con-
tains~16,000 red giants; e.d., Hekker etlal. 2011), a number
of important subsets were prioritized first, such as the sam-

‘?Ie of giants identified by th&epler Asteroseismic Consor-

lum as having high 8! detections. Other valuable popula-
tions include members of théepleropen clusters NGC 6791,
NGC 6819, NGC 6811, and NGC 6866, all of which have
targeting bitapogeetargetl = 9 set. Probable members of
the Galactic halo were selected using Washington photom-
etry, proper motions, and low resolutioR (~ 2000) spec-
tra from MARVELSSEGUE target pre-selection data. Rapid
rotators and stars with unusual seismic properties were als
identified and included in the higher priority groups. The re
maining targets in the asteroseismic sample were priedtiz
based on a number of factors, including brightness andtengt
of the Kepler observation baseline. If the evolutionary state
was known from seismic measurements of mixed modes (e.g.,

photometric precision have led not only to the discovery of Bedding et al. 2011), first ascent RGB stars were favored over

many extra-solar transiting planets1(15 confirmed planets

RC stars to avoid complications due to mass loss on the upper

and thousands of candidates, as of April 2013) but also to theRGB.

further development of asteroseismology (the study ofastel
pulsations) as a unique and powerful probe of stellar interi

A smaller fraction £13%) of the sample was reserved
for other interesting stars in thigepler field, the bulk of

ors in large samples of stars. Through the analysis of solar-which comprise a distinct ancillary program targetint200

like oscillations, fundamental stellar parameters, ssamass
and radius (and thus I@j, can be determined with high accu-
racy (e.g.. Stello et 4. 2009: Gilliland etlal. 2010). In ditdah

to providing calibration data for ASPCAP, the combination

cool dwarfs, as described in Appen@@xI1 The remaining
APOGEEKepler targets include all oKeplers planet-host
candidates identified in Batalha et al. (2012) that meetthe
mag and Ty restrictions given above, along witt88 eclips-

of these parameters with APOGEE'’s high-precision chemicaling binary stars identified during the asteroseismic amalys

abundances enables measurements of stajfjasto < 20%
accuracy. Ages are notoriouslyfi¢ult quantities to obtain
for field (i.e., non-cluster) stars, but they are crucialgoob-
ing such Galactic properties as the star formation histary,
dial mixing dficiency, and age-metallicity relation.

(see also AppendK.3).

All targets with asteroseismic detections have targeting
bit apogeetargetl = 27 set, and the planet-host candidates
have targeting biapogeetargetl= 28 set, In additionUBV
and griz photometry acquired for many of thi€epler tar-

To that end, APOGEE has adopted a targeting plan to tilegets (Brown et al. 2011; Everett eflal. 2012) will be provided

theKeplerfield. By fortuitous coincidence, the size of a sin-
gle ~7 deg APOGEE field is well matched to that of a sin-

gle Kepler CCD module projected on the sky, and because

the magnitude distribution of red giants in tkeplerfield is
dominated by stars within the range<7H < 11, a one-hour
visit is suficient to achieve APOGEE’s goal of/8 = 100
for the majority ofKeplergiants. The 21 “APOGEKepler’
fields, each centered on one I&épler's 21 module centers,

where available.

8.4. SEGUE Overlap Targets

The Sloan Extension for Galactic Understanding and Ex-
ploration (SEGUE] Yanny et al. 2009), one of the SDSS-
Il programs, obtainedgrizimaging and medium-resolution
optical spectroscopyR ~ 1800) for ~240,000 targets,
which span almost all stellar types and populations and re-
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side primarily in the Milky Way halo. SEGUE-2 con- e proper motions, which were collected to provide cor-
tinued this approach, observingl20,000 stars during the rected coordinates on the drilled plates hatused in
first year of SDSS-IlIl operations (Rockosi et ah, i reﬂ . the selection of normal APOGEE targets.
The SEGUE Stellar Parameters Pipeline (SSPP; Lee etal. . . . .
20084.b] Allende Prieto etldl. 2008) has calculat@idative A subset of this supplementary information will also be
temperatures, surface gravities, and metallicities ferspec- ~ Provided for non-targeted 2MASS sources in the APOGEE
tra in both surveys. fields. . . ,
Overlap betwéen the SEGUE-1 and -2 pointings and the  Furthermore, DR10 will contain tables of APOGEE's
APOGEE halo fields provides SEGUESPP targets forinclu-  fields, designs, and plates (identified by their respectve |
sion in the APOGEE sample, increasing the number of starsCation, design, and plate IDs) along with their useful infar
with which to test ASPCAP and inform its development. Ap- tion:
proximately~1000 SEGUE targets were targeted at least once : . ; i .
by APOGEE in Year 1, with further visits to these anti00 * ;:ggjtli)r? ségtgal g;)s(l)(r’dgrl]igg’sbgﬁg:gﬁgg fCYlIJSSI;[Z’r)?nd classi
additional stars anticipated in Years 2—3. These targets we
selected based solely on their location within the APOGEE e designs:angular radius, shgrhediunilong cohort ver-

FOV and theiH magnitudes, and all have lzipogeetargetl sions, shoymediunjlong fiber allocations, and cohort
= 30 set. magnitude ranges; and
8.5. Ancillary Programs e plates:hour angle, temperature, and observation epoch

In keeping with SDSS tradition, the APOGEE team an- for which each was drilled.

nounced calls for ancillary science proposals — one before Wwe anticipate annual releases of APOGEE data with each
commissioning operations began, and a second one halfwaysDSS-11I Data Release, which will also include all previgus
through Year 1 observations. In totat5% of APOGEE's  released data, improved with updated software or analysis

fiber-visits are allotted to ancillary science programsijcth  where possible, to produce a homogeneous set of data.
range in scope from a single 1-hour integration on a partic-

ular star to multiple designs with all science fibers in each . .
dedicated to the ancillary program. All of these data will be _ We thank Michael Blanton, Jo Bovy, Nathan De Lee, Jim
available along with the other APOGEE spectra in the dataGUnn Inese lvans, Sarah Martell, Demitri Muna, and Young
releases according to the timeline of their observation. Sun Lee for useful discussions and assistance with documen-
Descriptions of the science goals and target selection pro-{ation and targeting, and we are very grateful to the WISE
cesses for each ancillary program may be found in Ap- team for graciously permitting us access to their pre-sglea
pendix@ In addition to their individual program bitmask Photometric data. GZ has been supported by a NASA Earth

flags (TabldD), all ancillary targets have bapogeetargetl & Space Science Fellowship and an NSF Astronomy & As-

— 17 set. trophysics Postdoctoral Fellowship under Award No. AST-
1203017. JAJ and PF were supported in part by the National
9. TARGETING INFORMATION TO BE INCLUDED IN DATA Science Foundation under Grant No. PHYS-1066293 and the
RELEASES hospitality of the Aspen Center for Physics. GZ and DF are

The first public release of APOGEE data is in the summer grateful to the Astrophysical Research Consortium (ARC)
of 2013, as part of the SDSS-IIl Data Release 10 (DR10).and the Sloan Digital Sky Survey (SDSS) for bestowing on

This release comprises data — reduced spectra, RVs, besthem Young SDSS Astronomer Travel Assistance Awards to
fit Synthetic Spectra, basic stellar paramete‘f&f’( |Ogg, attend SDSS Collaboration Mee“ngs. DF also thanks the

[Fe/H], microturbulence), and abundances/§€], [N/Fe], to- Spanish Ministerio de Ciencia e Innovacion for supportirsy
tal [o/Fe]) — from the first year of survey operations, span- research. ,
ning September 2011 to July 2012. Funding for SDSS-IIl has been provided by the Alfred

In addition, where availabie, supplementary informationo P. Sloan Foundation, the Participating Institutions, the N
each target will be provided to help users account for any rel tional Science Foundation, and the U.S. Department of
evant observational biases present in their queried datase ~ Energy Qfice of Science. The SDSS-IIl web site is
cluding: http://www.sdss3.org/.

SDSS-IIl is managed by the Astrophysical Research Con-
e the photometry and photometric uncertainties used sortium for the Participating Institutions of the SDSS@ibl-
in the target selection, from 2MASSpitzerIRAC, laboration including the University of Arizona, the Braai
WISE, and our owrM, T,, and DDO51 photometry; Participation Group, Brookhaven National Laboratory, Uni
) versity of Cambridge, Carnegie Mellon University, Univigrs
e WISE photometry from the first all-sky data release, as of Florida, the French Participation Group, the Germani@art
well as any pre-release data used in the target selectionjpation Group, Harvard University, the Instituto de Astsida
de Canarias, the Michigan Statimtre DamgJINA Participa-
- ; : tion Group, Johns Hopkins University, Lawrence Berkeley
2?3&?&12;}2:22%329'09'Cal measurements for the National Laboratory, Max Planck Institute for Astrophysic
' Max Planck Institute for Extraterrestrial Physics, New Mex
 RJCE and SFD reddening and extinction values (thoseiCO State University, New York University, Ohio State Urive
used in the target selection and other values); sity, Pennsylvania State University, University of Portsth,
Princeton University, the Spanish Participation Groupi-Un
¢ the dwarfgiant classifications for stars with Washing- versity of Tokyo, University of Utah, Vanderbilt Univergijt
tor+DDO51 data; and University of Virginia, University of Washington, and Yale

e UBVgriz photometry and stellar parameters de-
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University. This publication makes use of data productsifro
the Two Micron All Sky Survey, which is a joint project of the

oratoryCalifornia Institute of Technology, funded by the Na-
tional Aeronautics and Space Administration. This work is

University of Massachusetts and the Infrared Processidg an also based in part on observations made witlSpiézer Space

Analysis CentgCalifornia Institute of Technology, funded

Telescopewhich is operated by the Jet Propulsion Labora-

by the National Aeronautics and Space Administration and tory, California Institute of Technology under a contradthw
the National Science Foundation, and from the Wide-field In- NASA. We acknowledge use of NASA's Astrophysics Data

frared Survey Explorer, which is a joint project of the Unive
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APPENDIX
GLOSSARY

This Glossary contains SDSS- and APOGEE-specific termgyalhich will appear throughout the survey documentatiah an
data releases, particularly focusing on those terms liteelye ambiguous or unfamiliar to those unaccustomed to wgnkiith

SDSS or APOGEE data.

Ancillary Target: Target observed as part of an approved ancillary prograntilteeUAPOGEE's capabilities for interesting
science beyond the primary survey goa8.Band AppendiiC).

ASPCAP: "APOGEE Stellar Parameters and Chemical Abundances Rgelthe software pipeline used to calculate basic
stellar parameterg{g, log g, [FeH], [a/H], £) and other elemental abundances (Garcia Perez &t atep).

Cohort: Set of targets in the same field observed together for the sameéer of visits §4.4). A given plate may have multiple

cohorts on it.

Design: Set of targets selected together for drilling on a plate atgd; may consist of up to one each of short, medium, and long
cohorts. A design is identified by an integer Design ID. Chiag@ single target on a design results in a new design.

Design ID: Unique integer assigned to each design.

Fiber Collison: An attempt to place, on the same design, two targets sepabgtéess than the diameter of the protective
ferrules around each fiber (the APOGEE ferrules are 71.®aiosdiameter). The SDSS-III plate design software will
assign only the higher-priority target to be drilled; thevés-priority target is “rejected”.

Field: Location on the sky, defined by central coordinates and sa@B). Fields can be identified by a string Field Name (e.g.,

“090+08") or integer Location ID (e.g., 4102).
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Location ID: Unique integer assigned to each field on the sky.

Normal Targets: Science targets selected with the data quality criterilmra@nd magnitude criteria, and magnitude sampling
algorithms as defined i§d of this paper. Contrasted with “special” targets — e.qg.jliarg and calibration targets.

Plate: Unique piece of aluminum with a design drilled on it. Notetthéile “plate” is commonly used interchangeably with
“design”, multipleplatesmay exist for the samaesign(i.e., set of stars). For example, two plates can have idantrgets
but be drilled for observations atftkrent hour angles, temperatures, or epochs, making thaqmeipilates with dierent
plate IDs.

PlateID: Unique integer assigned to each aluminum plate.

RJCE: The Rayleigh-Jeans Color Excess method (Majewskilet allg@ltechnique for photometrically estimating the line-of
sight reddening to a star, which APOGEE uses to calcula&npiat targets’ intrinsic NIR colors§@.3).

Sky Targets: Empty regions of sky observed on each plate in order to rerti@mvatmospheric airglow lines and underlying sky
background from the observed spect§a.p).

Special Targets. Science targets selected with criteria other than the nalngmality, color, and magnitude criteria outlined in
§4. Examples include known calibration cluster membgisd) and ancillary program target§g.5).

Targeting Flag & Bits: A “flag” refers to one of two long integers assigned to evergeain a design, each made up of 31
“bits” corresponding to dferent selection or assignment criter§22). APOGEE's flags are namexpogeetargetland
apogeetarget2 See Tabl@8for a list of the bits currently in use.

Telluric Standards: Blue (hot) stars observed on each plate in order to corredhftelluric absorption lines in the spectra

($5.D.

Visit: APOGEE'’s base unit of observation, equivalent to approtéfgane hour of on-sky integration. Repeated visits areluse
both to build up signal and to provide an measure of RV stgk{ii.g., for the detection of stellar companions).

Washington+DDO51: Adopted abbreviation for the combination of WashingibandT, photometry wittDDO51photometry,
used in the classification of dwggfant stars in many of the halo field$$@.2andg.]).

DETAILS OF CALIBRATION CLUSTER TARGET SELECTION
Magnitude Distribution and Color Ranges

The complex prioritization scheme and low target densith@halo made the magnitude sampling of the general sugdes) (
unnecessary. Instead, we selected targets within a pridass starting with the longest cohort of the field and wogkour way
down to the shorter cohort(s) because “long” and “mediunficsts needed to be included in multiple plate designs. Wiglaich
cohort for a given priority class, the targets were randosalypled in apparefi magnitude. For some fields, we limited the
number of fibers of a given priority class and cohort type.sTdhoice increased the total number of targets by prefednti
selecting brighter stars, which require fewer visits.

The targets with pre-existing high resolution data afé&ently valuable and rare that they were selected withootarcut or
any other criterion. Proper motion, radial velocity, andZ3F= overlap targets were selected with an uncorrectedis) > 0.3
color cut. For the non-cluster members, we extended thiagitrcolor limit of the general survey td ¢ Kg)o > 0.3 because the
lower average metallicity of halo stars will tend to makeittleelors bluer. The stars without WashingtddDO51 luminosity
classifications were further subdivided into two prioritgsses based on color: red {Ks]o) > 0.5) and blue (B > [J-Kg]o) <
0.5). As noted indl6.2 the use of a dereddened color cut will preferentially edeluery late type dwarfs due to overcorrected
blue colors, improving the giafawarf ratio of the sample.

Departures from the Cluster Target Selection Algorithm

In some special cases, the actual target selection devfrat@dthe standard cluster target selection algorithm. Herenote
those changes and thfected fields:

e M3, M53, N4147, N5466, N5634SGR2, VOD1, VOD2, VOD3+486and221+84 — no color cut on proper motion, RV,
and SEGUE overlap targets.

e N4147, VOD1, 18642, and221+84 — the color cuts for the field stars were done using uncordectdors instead of
dereddened colors.

e M3, M53, N5466, N5634SGR2, VOD&nd VOD3 — all targets with bitapogeetargetl = 6 set (star selected with
no dereddening) should have bipogeetargetl = 4 set instead because these targets were selected usingVREBEE
dereddening.

e N4147and186+42— Washingtor-DDO51 stars were selected sequentially in right ascenbidrihe magnitude sampling
was still essentially random.
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e VOD1l1and221+84— Washingtor DDO51 targets were randomized but with unknown seed, sothesy be reconstructed
from the target list.

e N4147,VOD1, 18642, and221+84 — the prioritization of targets following the selection aégts were red (uncorrected
[J - K] = 0.5) dwarfs, then blue (8 < uncorrectedJ — K¢] < 0.5) dwarfs, and finally unclassified stars with uncorrected
[J - K¢] = 0.3. This reordering was due to an error in the bookkeeping athvstars were unclassified and which were
dwarfs. While this scheme is suboptimal, these fields willibeful for characterizing thetect of the color cuts on dwarfs
and unclassified stars.

e M3, M53, N4147, N5466, N5634SGR2, VOD1, VOD2, VOD3+486and221+84— a fiber jacket diameter of 70 arcsec
was assumed, which was not conservative enough to avoidladions.

e M53— The WashingtonrDDO51 data foM53, used for the giaridwarf classifications, come from twoftérent observa-
tions that overlapped this field. In comparing the photoynaird giantdwarf classes for stars in both observations, there
was a great deal of discrepancy. Most of thedences, however, appear to be due to the fact that one obfesvations
has null values for many of the stars in common. In the casesenboth observations have non-null photometry, the values
agree fairly well €0.1 mag) in the magnitude range of our potential targets. \&ewareful to use the photometry from
the better observation where available and use the photpifinein the other observation only if needed.

e 221+84 — The open cluster Melotte 111 (Coma star cluster in ComarBegs atd = 96 pc) is in the field, so Wash-
ingtor-DDO51 dwarfs (Priority 15§7.7) are prioritized over stars without WashingsddDO51 photometry (Priority
13-14).

e M15— No WashingtoADDO51 photometry was obtained for this relatively lowiatie p ~ —27°) field. In addition to
known cluster members from previous abundance work, pnoymion, and RV studies, probable cluster members were
identified based org(- i) colors within 0.05 mag of the cluster fiducial (both the fiddhand SDSSugrizphotometry from
/An et al[2008).

DETAILS OF ANCILLARY PROGRAMS
M31 Globular Clusters

One ancillary program (PI: R. Schiavon) represents theugstof APOGEE for extragalactic science: the targetingabgiar
clusters in M31. By studying the chemical composition ardrmal kinematics of M31 clusters observed in integratgltli.e.,
each cluster observed with a single fiber), this program aatiermine the abundance pattern of M31’s old halo and bulge t
an unprecedented level of detail, provide insights intodtae formation timescales in the halo and bulge, and canstie
initial mass function of their first stellar generations. @BEE will greatly expand upon the set of elemental clustendbnces
obtained in optical studies (e.g., Colucci et al. 2009; Sabn et all 2012) by determining abundances of elementsasiCh—
the most abundant metal and a key indicator of the timesdéatestar formation — which lack lines at optical wavelengthat
can be used in integrated line studies. Other key elementssible by APOGEE include C, N, and Na, whose abundances
based on optical spectra are uncertain or unavailableetlieg Further, these data will allow for the derivation miernal
velocity dispersions for the target sample’s massive ehsst

From the initial list of more than 350 M31 globular clustefzaldwell et al! 2009)~250 objects brighter thakl = 15.0
were targeted, along with the M31 core, M32, and M110. Taaisothe integrated cluster spectra from that of the backgtou
(unresolved) M31 stellar populations, each observatioa cluster in the vicinity of the M31 bulge was accompanied bg o
of a very nearby “non-cluster” background region, idealllO arcsec fiset from the cluster. As this distance is significantly
smaller than the fiber collision radius of APOGEE fiberd @ arcmin), simultaneous observations of the cluster acidround
positions could not be made. We adopted a scheme wherebyesignd were made, each containing a mixture of clustertearge
and background regions for clusters on thtkerdesign. Globular clusters at large M31-centric distanagaijnst a faint stellar
background, do not require background region counterpadsvere instead targeted on both plates.

Both cluster targets and background regions are considaegets” for this ancillary program and have bipogeetargetl
= 18 set. The background regions are also flagged as sky fibéhesa platesapogeetarget2= 4), since they serve the same
purpose as the regularly-selected sky fibgEs2) — representation of the typical unresolved sky backgrdaorhde field — and
can be used in the APOGEE data reduction pipeline in the rahaf\airglow lines from spectra of both non-cluster and M31
cluster targets.

Ages of Red Giants

In addition to the 21 “APOGEBkepler’ fields (§8.3, one ancillary program (PI: C. Epstein) is targeting twddieobserved
by theCoRoTsatellite (Baglin et al. 2006). These lie on opposite sidab® Galaxy, withCOROTAat (|, b) ~ (212, -2°) and
COROTCat (,b) ~ (38,-8°). BecauseCoRoTstars probe the disk at a range of Galactocentric radii, tosyplement the
Keplersample stars, most of which lie near the solar circle. As widKeplersample, the seismic information available for the
CoRoTstars permits the determination of fundamental stellaap@ters — including age — and the extension of this type of
data to a range of Galactocentric radii is invaluable toissidf how Galactic properties evolved over time.

The CoRoTset of RG stars with seismic detections was selected frorsaheple analyzed in Mosser et al. (2010). Approx-
imately 120 stars were targeted in tB®ROTAfield, and approximately 360 i@OROTG because of the higher number of
candidate targets i@OROTGC a targeting strategy was employed similar to that for thia@Ge Center fieldSALCEN division
of targets into three one-visit short cohorts and one thisiémedium cohort.
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Both KeplerandCoRoTtargets in this ancillary program have bjpogeetargetl= 22 set, and targets in th&eplerfields also
have bitapogeetargetl= 27 set.

Eclipsing Binaries

One ancillary program (Pls: S. Mahadevan and S. W. Flemmg)adnitoringKepler eclipsing binary (EB) systems to derive
their dynamical mass ratios. Although masses and radii baes measured to the3% level for nearly 300 EBS (e.g.,
Torres et all 2010), low-mas®(< 0.8M,) and longer-periodR > 5 days) systems remain under-explored. Keelerdataset
(883 is an valuable source of EBs, providing nearly continuaxstemely high-precision photometiy (Caldwell eft'al. 2010
that has been used to detect thousands of EBs across a wigeafstellar parameters and orbital periods (Coughlin/é2Gil1;
PrSa et dl. 2011; Slawson etlal. 2011). When combined witb-8eries spectroscopy to measure precise RVs|(e.g., Benal
[2012), these EBs will ffer some of the best empirical constraints for next-genanatiellar models.

The sample oKepler EBs comes from the catalogs|of Prsa etlal. (2011) and Slaetsaln(2011) and includes targets in two
APOGEE fields that overlaidepler pointings N6791andN6819. By design, the target selection imposed a minimum amount
of selection cuts in order to explore as diverse a range béstind orbital properties as possible. The sample taayetimited
to EBs withH < 13 and classified as having a “detached morphology” (i.€luelng those binaries that experience Roche lobe
overflow), which minimizes the number of model parametensaddition to theKeIersamIe 4 EBs detected using ground-
based photometry (Devor et al. 2008), the well-studied Efesy CV Boo 8) and the M dwarf spectroscopi
binary GJ 3630_(Shkolnik et al. 2010) are included as analysiibrators.

A total of ~115 EB systems in 5 APOGEE fields are targeted, and all hagettag flag bitapogeetargetl= 23 set.

M Dwarfs

M dwarfs make excellent candidates for planet searchesochueh their ubiquity and the increased RV signal of a plaméteé
Habitable Zone (HZ; Kasting et al. 1993), relative to the egfanet around an F, G, or K star. The M dwarf planet popuiatio
is beginning to be uncovered, with30 planetary systems around M dwarfs discovered through &\ations, transits, and
microlensing. These systems include a possible planegititharound GJ 667C _(Anglada-Escudé et al. 2012) and the-supe
Earth GJ 1214b (Charbonneau €t al. 2009). Due to their Bitrioptical faintness, M dwarfs of subtypes later thavi4 are
difficult targets for optical RV and transit searches.

However, the coming generation of NIR precision-RV plangtsys, such as HPE (Mahadevan et al. 2010) and CARMENES

0), will be able to seardficeently around hundreds of nearby M dwarfs. These survellsequire
careful target selection in order to sample a range of statbandances and slow projected rotational velocities. BEB is
particularly well-suited for the study of nearby M dwarfschese these stars emit a much higher fraction of their tatairfi the
NIR Y-H-band spectral region (@— 1.8um) than in the optical, enabling the study of later type stfaas can be observed with
current optical instruments.

The primary goals of this ancillary program (Pls: S. Mahaae\C. H. Blake, and R. Deshpande) are to constrain theootti
velocities and compositions af1400 M dwarfs and to detect their low mass companions thré&ygkariability measurements
(Deshpande et alin prep). As vsini estimates exist in the literature for orh800 M dwarfs, this sample will increase the
number of available M dwar§sini measurements by nearly a factor of five. By using metallisépsitiveH-band features,
including some blended K and Ca lines (Terrien et al. 20129, lzootstrapping 6 targets with previous metallicity estimates,
we can derive metallicities for these M dwarfs, a measurémetoriously dificult to make directly because of their complex
spectra. Finally, the multiplicity of M dwarfs and the ratebmth brown dwarf and high-mass giant planet companions to M
dwarfs can be probed via RV variability (along with dirécthand imaging; Deshpande et ah prep), particularly in the subset
of M dwatrfs that will have=12 APOGEE epochs, with time baselines beginning years belfiedicated NIR RV planet searches
come online.

Targets are drawn from two primary sources: the LSPM-Noathlog of nearby stars (LSPM-N; Lépine & Shara 2005) and
thelLépine & Gaidds (2011, LG11) catalog of nearby M dwanfsich are both proper motion-selected catalogs. The LSPM-N
sample required a simple color cut & ¢ K) > 4 to select dwarfs of subtype M4 and later; the LG11 cataloggpaly includes
extensive color and reduced proper motion cuts aimed attsgjeM dwarfs. For calibration, several targets are inetiithat
are known planet hosts, RV standards,/anthave previous sini or [Fe/H] estimates. We also include five M dwarfs that are
Keplerobjects of interest (Borucki etlal. 2010), and three L dw@#gson et all 2003; Phan-Bao ef/al. 2008). In total0% of
APOGEE's fields contain at least one M dwarf ancillary tafggbgeetargetl= 19) in all or most of the visits to the field.

Members of the Globular Cluster Palomar 1

Palomar 1 (“Pal 1" hereafter) is a faint, potentially yourghmlar cluster that may be associated with the Monocerag Ri
or Galactic Anti-center Stellar Stream (Rosenberg et #8b¢ Crane et al. 2003), and whose spatial position, youeg aud
extended tidal tails (Niederste-Ostholt et al. 2010) makegood candidate for a recently accreted object curremitiergoing
disruption by the Milky Way. Its metallicity has only recgnibeen estimated from a very small sample of stars, whossrspaso
suggest other abundance patterns unusual for globulaecdSakari et al. 2011). APOGEE accepted an ancillaryqsai(P!:

I. lvans) to perform the first large-scale spectroscopigeyof this red, faint, sparse cluster, with the goal of tiglkibnstraining
the cluster’s metallicity and exploring its potentiallpusual chemistry in even more dimensions. Since Pal 1 igytitdo have
-1.0 < [Fe/H] < -0.5, the bulk of the APOGEE survey field and cluster stars (&aple[7) will provide a good comparison
sample for a detailed fierential analysis, including a focus on the chemidBdas of cluster age, environment, and accretion
history.

36 http://www.astro.keele.ac.uk/jkt/debcat/
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The cluster targets were selected with a combination of 2BlASd SDSS photometry. The initial selection comprised 2BAS
stars in a 90 arcmin radius near the cluster cemtbr£ 130065, 19.028) that satisfied the following criteria: (i) no neighboring
object within 6 arcsec, (iJHKs photometric quality flags of “A” and all other contaminatifiaags null, and (iii) 11< H < 14.5.
Then the sample was trimmed to those stars bracketetl-+K() by isochrones at the most probable boundaries of the cluste
age and metallicity: a 12 Gyr isochrone at [FH& = —0.5 and a 5 Gyr isochrone at [Ad] = —1.0, assuminde(J — Kg) = 0.112
and a distance modulus of 15.76 (Rosenberglet al. 1998ade8mi et all 2007; Hartis 20110).

After all the 2MASS-selected candidates were matched WwighDSS DR7 photometric database (Abazajianlet al.l 2009), an
additional cut in @, g — r) space was performed. As the few existiungy isochrones for RGB stars are rather inconsistent at
the possible age range of the cluster, stars along the plB&B locus were randomly selected, with even sampling &etw
0.5 < (g-r) < 1.6. Also included are the three stars identified as cluster Ineesnbyl Rosenberg etlal. (1998a). The highest
targeting priority was assigned to stars that satisfied elgction criteria and were within 10 arcmin of the clustentee
Targeting priority outside the cluster center was thenga®sl randomly. In all~250 cluster candidate members are being
observed as part of this ancillary program, and all havestarg flag bitapogeetargetl= 24 set.

Bright Optical Calibrators

In addition to the stellar parameter and abundance catity #rgeted in well-studied clusters and the bulge, the BEBdisk
and halo fields contain a number of field stars that have beeesubject of optical high-resolution spectroscopic staidi@éne
ancillary program (PI: D. Fabbian) is focusing on thesedtsgvith a trifold goal: (i) to compare abundances and atmesp
parameters derived using APOGEE's IR spectra with thoskeriterature derived from optical spectra; (i) to test acced
3D stellar model atmospheres (elg., Fabbianlet al.|201®@)2f.a complement to observations of even closer stars veith w
determined angular diameters and very accurate parajlares(iii) to establish kinematic and chemical membershiphe
Galactic thin disk, thick disk, or halo, which remain uneémtfor some of the targets.

The target list for this program comprises stars from theARTool Stars” Spectral LibraBl (Rayner et dl. 2009) and stars
observed by Reddy et! 03) and Reddy et al. (2006) at MaRidObservatory, limited to those witth < 12.5 falling within
APOGEE'’s existing disk and halo fields at the time of the figgt for ancillary programs. Of these objects, roughly ha# a
brighter thanH = 5, the brightest magnitude permitted for even APOGEE sitilcalibrator standards, and thus cannot be
targeted via the standard mode of observations. Howevesgtlstars can be observed using the alternate observingsmode
described iri4.4 All of the ~20 stars have targeting flag lipogeetargetl= 20 set.

Massive Stars: Red Supergiants and Their Progenitors

One ancillary project (PI: A. Herrero) is targeting OB starsl red supergiants (RSGs) in a two-pronged study of obdcure
massive stars. The first goal is to compile a spectral libcdignown OB stars superior to existing libraries in terms gf,S
which is important for very hot weak-lined stars, and pattcly of OB stars too highly obscured for more traditional Or
optical studies. These objects’ young ages imply that tledigct the present properties of the ISM, and their rapidgiai
means that even a relatively small sample of these starsda®us with multiple snapshots offidirent evolutionary phases. As
the progenitors of supernovae, OB stars are some of the pridnaers of galactic chemical evolution. The early-typars for
this part of the ancillary program are drawn from the Gata@iStars Spectroscopic Survey (Sota &t al. 2011), in wHiabf a
the stars have a well-established spectral type and luiitynzass.

The second goal of this ancillary program is to observe a mrmbmain-sequence stars and RSGs located in the massive
star-forming regions nedr ~ 30°. These regions, often referred to collectively as the SouBomplex (e.g.,_Davies etlal.
[2007;Negueruela etldl. 2012), contain a large number of imeaglsl < 10°M,) but highly-obscured clusters in which only
the RSGs have been observed spectroscopically. Multigleris to explain this high concentration of massive chsshave
been proposed, including (i) the interaction of the Milky YAWdong bar” with the Scutum spiral arm producing a localized
starburst (e.gl, Lopez-Corredoira et al. 1999) and (&)thojection along our line of sight of a dense star-fornrating with a
Galactocentric radius similar to the length of the long Bére lack of absolute luminosity or robust distance estishges so far
prevented clear discrimination between these scenarios.

APOGEE observations will enable higher precision spectpi parallaxes for the RSGs and help establish clusterbraem
ship for early-type stars still on the main sequence. ChR&Gs for this study are selected to have Bl < 10, (J - K) > 0.75,
and color index @ < Qr < 0.4 (following/Comeron et al. 2002), while the unevolved stare selected using the IR pseudo-
color technique aof Negueruela et al. (2010) and have mad@dtas faint aél < 14.8. All of the ~150 targets for this ancillary
program have targeting flag l@pogeetargetl= 25 set.

Kinematics of Young Nebulous Clusters

Stellar kinematics in star-forming regions are sensitraedrs of the physical processes governing the formatidneanly
evolution of stars, planets, and stellar clusters. Theocitds of young stars can reveal how dynamics within a mdé&atloud
influence protostellar mass accretion and the onset of neggegation and evaporation in stellar clusters (.g., Tafi[2006;
Allison et alll2009; Cottaar etal. 2012). Similarly, kinemmally identified protostellar multiple systems are kejilmators for
pre-main sequence evolutionary tracks ( 1,994 influence of age and environment on the binary poprigg.g.,
IMelal2003] Praio 2007), and, potentially, the formation heeisms of planetary systems.

The INfrared Spectroscopy of Young Nebulous Clusters @ogtN-SYNC; Pls: K. Covey and J. Tan) is conducting a dethile
kinematical survey of the Perseus Molecular Cloud, a unitptaral laboratory for understanding how gas removal inftes
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the dynamics of young clusters. The Perseus cloud is bredHkst two young sub-clusters: IC 348~8 Myr old, optically
revealed cluster that exhibits evidence of mass segregftichman et al. 2003; Schmeja et 2001
NGC 1333, a<1 Myr old, heavily embedded cluster with little evidenceffoass segregation (Wilking etlal. 2004; Schmeja et al.
[2008). IC 348 and NGC 1333 therefore represent a rare opptyrto compare directly the kinematical properties of tvasters
that share similar initial conditions but have significgrtifferent present-day evolutionary states.

Since the Perseus cloud is larger than the maximum APOGEE @V, distinct fields were defined for each of the two clus-
ters:1C348andN1333 Targets in the IC 348 cluster were selected from catalogiister members assembled by Luhman &t all.
(2003) and Muench et al. (2007), and from a sample of canelidaster members identified at large radii using data frodewi
field surveys (e.g., th8pitzerc2d survey, USNO-B, and 2MASS; Muench et al.prep). Targets in the NGC 1333 cluster were
selected using catalogs assembled by Getman ét al.| (2@08enken et all. (2006), Gutermuth et lal. (2008),[and Wirettaii
(2009/2010), supplemented with other cluster membersifiehin numerous studies over the past two decades (mastdog
assembled by Rebull et aln prep).

As with the calibration clusterg[{. 1), multiple designs were made for each young cluster to veddder conflicts, in addition
to sampling multiple epochs for spectroscopic binary idieation. IC 348 and NGC 1333 were targeted with six and three
distinct designs, respectively. The highest priority &sgin each cluster are those with<8 H < 125, which were further
sorted according to their extinction-correctdgl magnitudes (with brighter ones at higher priority) to eesilvat the survey is
as complete as possible for higher mass stars. Once fibetssleadallocated to all accessible targets Witk 12.5, additional
cluster members withl > 12.5 were assigned to all designs for that field. After accownfiam all possible cluster members, any
fibers remaining in a design were assigned to normal APOGHERi€ targets.

To mitigate the impact of pre-main sequence (PMS) binariesys on interpretation of the above clusters’ velocity dispns,
IN-SYNC also targets-115 PMS members of the cluster NGC 2264 (in both designs of @GEPBfield203+04) to provide an
independent measurement of the frequency of PMS binariagets in NGC 2264 Were selected using catalogs that igentif
cluster members via elevated X-ray emissm-ﬂ(}ﬂb emission[(Sung et &l. 2008), or mid-IR excet al.
[2009). Of these;75% were selected as having9H < 12.9 and prioritized for fiber aIIocation in order of descendfdg- K)
coIor The remaining-25% of the targets were selected from a sample of IR variabtgified fromSpitzermonitoring of
NGC 2264 by the YSOVAR prograrm (Morales-Calderon €t al.12@D12) and were included to establish the extent to which IR
variability may limit a PMS star’s RV stability.

All targets from the IN-SYNC ancillary program have targetilagapogeetarget2= 13 set.

The Milky Way’s Long Bar

One outstanding puzzle of the inner MW is the nature of thea@a “long bar”, defined here as the observational feature
characterized by increased star counts in the near sideeafitier disk (8 < | < 30°) to differentiate from the boxy, bar-like
bulge and from the potential “nuclear” bar (Alird 2001; Nystma et al_2005; Shen et al. 2010; Robin et al. 2012). Afteais
observed in the early 1990s in mid-IR surface brightnesssniltz & Spergel 1991; Dwek et al. 1995), multiple groupsldag
to identify the stellar component of this structure fouratisy conflicting results on its shape and orientation, véittange of
line-of-sight angles spanning25-60 (e.g., Hammersley et al. 2000; Benjamin €1 al. 2005; L oBerredoira et al. 2007).

Our understanding of the stellar kinematics and chemisttiié bar region is relatively sparse as well. We do not knowhmu
about how the overall motion of the bar around the Galactict€ecompares to the rotation of the stellar disk or to thation
of the bulge, nor do we know much of the internal dynamics efllar, such as the RV dispersion as a function of galactic
longitude or the shapes of stellar orbits trapped in itspide(though APOGEE has begun to shed light on this lattestjan;
see Nidever et al. 2012). While these parameters are rellagasily obtained for external galaxies and are used o ¢iasify
the existence and strength of extragalactic bars (e.gjk&ui& Merrifield|1995; Merrifield & Kuijken 1999; Chung & Bugai
[2004), we have not yet been able to place the MW confidentigguence with these other bars. Furthermore, N-body models
suggest that bars may be highl§extive at migrating stars radially in the inner parts of gaa, thus modifying the signatures
of mergers and star formation events (€.g., Friedli &t é3419Vozniak 2007).

One ancillary program (Pl: G. Zasowski) is targetingj/5 long bar RC giants in 11 fields spannirfig8l < 27° and|b| < 4°.

The RC targets for this program were drawn from the 2MASS FptzerGLIMPSE, and WISE catalogs and selected as having
mid-IR 4.5um magnitudes within 0.4 mag of the mean RC star count pealchtfedd’sl, as measured in GLIMPSE and WISE
magnitude distributions, which show a clear “bump” due te liar at these longitudes (Zasowski et al. 2012). In addiatn
targets meet (i) the same photometric data quality req@resnas the normal APOGEE targe$g.{), (ii) a dereddened color
criteria of 05 < (J — K)o < 0.8, and (jii) a magnitude limit oH < 12.75 or 13.94, depending on the number of visits planned to
the field.

All RC targets from this program have targeting flagdpbgeetarget2= 14 set.

Characterization of Early-Type Emission-Line Stars

Due to the need to remove telluric absorption from the olestspectra, APOGEE has targeted and observed nearly three
dozen early-type (OBA) stars on each plate since the beggnufi the survey; see the description of these calibratodstlagir
selection in§5.1 A small fraction of these stars observed during the first péadPOGEE were found to have emission-line
spectra, dominated by double-peaked Brackett lines, with@bout a third of them noted as emission-line stars initbesture.
Historically, emission-line stars have been identifiedint presence of such lines in their spectra (thougimottith the
additional criterion of a NIR or MIR excess; e.g hois 1976; Zickgraf 1998) and grouped together under the tiBe”
“Ble]” stellar type label, but the emission is caused b&etent physical mechanisms that depend on the evolutioteyg ©f the
star. With the exception of certain stellar types with maufarly distinctive spectra (e.g., Wolf-Rayet stars), tremission-line
stars cannot be better characterized without time-intenkigh-resolution spectroscopy.
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For many of these objects, the APOGEE spectra provide théfghk-resolution, high-8l view of the emission line profiles.
APOGEE'’s procedure of visiting (most) fields multiple timesables a multi-epoch analysis of these line profiles, whah
be used not only to identify binary systems but also to traafations in the strengths and profile shapes of the emisisies.

In turn, these variations may be used to trace the densitgtstie of circumstellar disks or shells (elg., Wisniewslale 2007;
[Stefl et al[ 2009). In addition to analyzing the sample of seitously observed emission-line stars (i.e., thoseentesi as
telluric calibrators), this ancillary program (PI: D. Chojwvski) is deliberately targeting 25 known Be stars (cfessivia their
optical spectra and drawn from the Be Star Spectra Databaseer et all. 2011) that fall within APOGEE fields and hale: 10

and 0 — Ks) < 0.5.

Furthermore, comparison of the Be telluric calibrator suthgle with the full APOGEE telluric calibrator sample wiliqvide
statistics on the B8 ratio and population characteristics, including the emeal binary fraction of Be stars (compared to single
B stars) and its connection to the class’s spectral praefé.g,. Kriz & Harmanéc 1975; Kogure & Leling 2007). We nog th
due to the diiculty of identifying luminosity class using-band spectra annﬁOl), the APOGEE ddtbevi
complemented with optical spectroscopy where possible.

The targets from this program that were selected as knownaBg Isave targeting flag kdipogeetarget2= 15 set.

Kepler Cool Dwarfs

In addition to the extensivéeplerasteroseismology samplB3and AppendiiC.2), APOGEE is targeting 1200 ofKepler’s
cool dwarfs, observations of which will serve a number of ptementary scientific goals (PI: J. van Saders). While iatat
periods measured from the starspot modulatioKeyler light curves make it possible to extend the sample of fieldsstath
measured ages to include objects that are (on average)ihbéoisasteroseismology, detailed abundances from APO&tble
the investigation into metallicity biases in the gyrochotwyy relations (e.g.. Mamajek & Hillenbrand 2008; Meibotak2009),
which have thus far been neglected. This collection of caarfls also represents a valuable comparison sample to Heetoan
of Keplerplanet host candidates, since orl§% of these particular dwarfs have also been identified asnpiat planet hosts.
In particular, this sample will facilitate comparisonsweéen the abundances and abundance patterns (e.g., inogfraersus
volatile elements) of single stars and planet host starslatioaships that have important implications for the pleioemation
process (e. 06).

Targets were selected to have<7H < 11, Te¢ < 5500K, and logg > 4.0, where #&ective temperatures and gravities were
obtained from theepler Input Catalog (KIC| Brown et al. 2011) with thEs corrections of Pinsonneault et 12). An
additional~50 M dwarf candidates that have been continuously monitbyeldepler with magnitudes slightly above the the
H = 11 faint limit were also included because of their high sceermpact — for example, many stars identified as M dwarfs
in the KIC have subsequently been classified as giants vidtgrsensitive spectral indices (Mann etlal. 2012), a figdivith
implications for the interpretation of planet search ressahd analyses of the frequency and properties of planés.hdsese
late-type stars are drawn from the sample of Mannlet al. (@t while many were already included in the ancillary ¢atigt
using theT¢; and log g requirements described above, the remaining (faintegtctdowere also included for completeness.

All targets from this ancillary program have targeting figgpgeetarget2= 16 set.

Newly Discovered and Unstudied Open Clusters

While not deviating significantly in essence from the oparstr target selection algorithm and goals describeffig this
ancillary program (PI: R. L. Beaton) was granted dedicateer§ because its proposed targets include one clusternvdigzb
by the ancillary team (Zasowski et ail, presg. The other clusters were initially identified by the auteetbcluster search of
the 2MASS catalog by Froebrich et al. (2007) — FSR 0494 and G%&#% — but to date, no follow-up study has been made to
determine the clusters’ basic parameters. In additiongd gelection based on reddening and location in the CMDyfathe
~13 targets per cluster were constrained to have photometcertainties inJ, H, Ks, and [45u] of <0.1 mag.

Targets from this program have targeting flagdmbgeetarget2= 17 set.




