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Abstract

The fourth generation of the Sloan Digital Sky Survey (SDSS-IV) began observations in 2014 July. It pursues three
core programs: the Apache Point Observatory Galactic Evolution Experiment 2 (APOGEE-2), Mapping Nearby
Galaxies at APO (MaNGA), and the Extended Baryon Oscillation Spectroscopic Survey (eBOSS). As well as its
core program, eBOSS contains two major subprograms: the Time Domain Spectroscopic Survey (TDSS) and the
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SPectroscopic IDentification of ERosita Sources (SPIDERS). This paper describes the first data release from
SDSS-IV, Data Release 13 (DR13). DR13 makes publicly available the first 1390 spatially resolved integral field
unit observations of nearby galaxies from MaNGA. It includes new observations from eBOSS, completing the
Sloan Extended QUasar, Emission-line galaxy, Luminous red galaxy Survey (SEQUELS), which also targeted
variability-selected objects and X-ray-selected objects. DR13 includes new reductions of the SDSS-III BOSS data,
improving the spectrophotometric calibration and redshift classification, and new reductions of the SDSS-III
APOGEE-1 data, improving stellar parameters for dwarf stars and cooler stars. DR13 provides more robust and
precise photometric calibrations. Value-added target catalogs relevant for eBOSS, TDSS, and SPIDERS and an
updated red-clump catalog for APOGEE are also available. This paper describes the location and format of the data
and provides references to important technical papers. The SDSS web site, http: //www.sdss.org, provides links to
the data, tutorials, examples of data access, and extensive documentation of the reduction and analysis procedures.
DR13 is the first of a scheduled set that will contain new data and analyses from the planned ~6 yr operations of

SDSS-IV.

Key words: atlases — catalogs — surveys

1. Introduction

The Sloan Digital Sky Survey (SDSS) has been observing
the universe using the 2.5 m Sloan Foundation Telescope
(Gunn et al. 2006) at Apache Point Observatory (APO) for over
15 yr. The goal of the original survey (2000-2005; York
et al. 2000) was to map large-scale structure with five-band
imaging over ~ sr of the sky and spectra of ~10° galaxies and
~10° quasars. This program was accomplished using a drift-
scan camera (Gunn et al. 1998) and two fiber-fed optical
R ~ 1800 spectrographs (Smee et al. 2013), each with 320
fibers.

The imaging and spectroscopy goals were not entirely
fulfilled in the initial 5 yr period, and thus SDSS-I was
followed by SDSS-II (2005-2008; Abazajian et al. 2009). Its
first goal was to complete the planned initial large-scale
structure redshift survey as the Legacy program. It added
SEGUE (Sloan Extension for Galactic Understanding and
Exploration; Yanny et al. 2009), a spectroscopic survey
focused on stars, and imaged an average of once every 5 days
a ~200 deg® area along the celestial equator with repeated
scans in SDSS-I (“Stripe 82”), to search for Type Ia supernovae
and other transients (Frieman et al. 2008).

The success of SDSS as a cosmological probe, particularly
the detection of the clustering of luminous red galaxies (LRGs)
on the 100 A~ ' Mpc scale expected from baryon acoustic
oscillations (BAOs; Eisenstein et al. 2005), led to the
conception and implementation of BOSS (Baryon Oscillation
Spectroscopic Survey; Dawson et al. 2013) as the flagship
program in the third version of the survey, SDSS-III
(2008-2014; Eisenstein et al. 2011). As part of BOSS,
SDSS-II imaged additional areas in the part of the south
Galactic cap visible from the Northern Hemisphere. At the
conclusion of these observations, the SDSS imaging camera
was retired and is now part of the permanent collection of the
Smithsonian National Air and Space Museum.'?® During the
summer shutdown in 2009, the original SDSS spectrographs
were replaced by new, more efficient spectrographs to be used
by BOSS. The BOSS spectrographs featured expanded
wavelength coverage (3560 A < A < 10400 A), new CCD
detectors with improved read noise, smaller pixels (15 pum),
and improved quantum efficiency, as well as VPH gratings
instead of the original replicated surface relief gratings (Smee
et al. 2013). The two spectrographs were now fed by 500 fibers
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each so that the desired number of redshifts could be reached in
the planned survey lifetime.

During the first year of SDSS-IIT (2008-2009), the SEGUE-
2 survey (C. Rockosi et al. 2017, in preparation) used the
original SDSS spectrographs to observe additional Milky Way
halo fields to target distant halo samplers and trace substruc-
ture. In SDSS-IIT all bright time could be used for scientific
observations with the arrival of two new instruments.
MARVELS (Multi-object APO Radial Velocity Exoplanet
Large-area Survey; Paegert et al. 2015; Thomas et al. 2016)
used a novel multiplexing interferometer to observe 60 stars
simultaneously to search for radial velocity variations caused
by hot Jupiters and close brown dwarf companions. APOGEE
(Apache Point Observatory Galactic Evolution Experiment;
Majewski et al. 2017) used a 300-fiber, R ~ 22,000 H-band
spectrograph (Majewski et al. 2017; J. Wilson et al. 2017, in
preparation) to measure stellar parameters, chemical abun-
dances, and radial velocities, mainly for red giants (Zasowski
et al. 2013).

Since routine operations started in 2000, there have been 13
public data releases. All data releases are cumulative, re-
releasing the best reduction of all previously taken data. The
most recent of these was Data Release 12 (Alam et al. 2015),
which contained all of the SDSS-III data, as well as the re-
reduced data from SDSS-I and SDSS-II. SDSS-I to SDSS-III
imaged 14,555 deg? in the five filters (Fukugita et al. 1996; Doi
et al. 2010). Most of the sky was surveyed once or twice, but
regions in Stripe 82 were observed between 70 and 90 times.
By the time of their retirement, the SDSS spectrographs had
obtained R ~ 1800 optical spectra for 860,836 galaxies,
116,003 quasars, and 521,990 stars. With the BOSS spectro-
graphs, the survey has added data with similar resolution for
1,372,737 galaxies, 294,512 quasars, and 247,216 stars.
APOGEE has contributed high-resolution IR spectra of
156,593 stars. MARVELS had observed 3233 stars with at
least 16 epochs of radial velocity measurements.

The success of the previous SDSS releases and the
continuing importance of the wide-field, multiplexing cap-
ability of the Sloan Foundation Telescope motivated the
organization of the fourth phase of the survey, SDSS-IV
(Blanton et al. 2017). SDSS-IV extends SDSS observations to
many fibers covering the spatial extent of nearby galaxies, to
new redshift regimes, and to the parts of the Milky Way and
dwarf galaxies that are only visible from the Southern
Hemisphere. The MaNGA (Mapping Nearby Galaxies at
APO) survey studies galaxy formation and evolution across a
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wide range of masses and morphological types by observing a
substantial portion of the optical spatial extent of ~10* galaxies
(Bundy et al. 2015). It accomplishes this goal by employing 17
bundles ranging in size between 19 and 127 fibers to cover
targets selected from an extended version of the NASA-Sloan
Atlas'® and 12 bundles of seven fibers for calibration stars.
These integral field units (IFUs) feed the BOSS spectrographs,
providing information on the properties of gas and stars in
galaxies out to 1.5-2.5 effective radii (R,).

Another survey, eBOSS (extended Baryon Oscillation
Spectroscopic Survey; Dawson et al. 2016), shares the dark
time equally with MaNGA. eBOSS will measure with percent-
level precision the distance-redshift relation with BAO in the
clustering of matter over the relatively unconstrained redshift
range 0.6 <z <2.2. This redshift range probes the universe
during its transition from matter dominated to dark energy
dominated. Multiple measurements of the angular diameter
distance (ds(z)) and Hubble parameter (H(z)) from BAO over
the redshifts covered by eBOSS are therefore crucial for
understanding the nature of dark energy. eBOSS will use
spectroscopic redshifts from more than 400,000 LRGs and
nearly 200,000 emission-line galaxies (ELGs) to extend the
final BOSS galaxy clustering measurements (Alam et al. 2017)
by providing two new BAO distance measurements over the
redshift interval 0.6 < z < 1.1. Roughly 500,000 spectroscopi-
cally confirmed quasars will be used as tracers of the
underlying matter density field at 0.9 < z < 2.2, providing the
first measurements of BAO in this redshift interval. Finally, the
Lya forest imprinted on approximately 120,000 new quasar
spectra will give eBOSS an improved BAO measurement over
that achieved by BOSS (Delubac et al. 2015; Bautista
et al. 2017). The three new tracers will provide BAO distance
measurements with a precision of 1% at z=0.7 (LRG), 2% at
7=10.85 (ELG), and 2% at z = 1.5 (quasar), while the enhanced
Ly« forest sample will improve BOSS constraints by a factor
of 1.4. Furthermore, the clustering from eBOSS tracers will
allow new measurements of redshift-space distortions (RSDs),
non-Gaussianity in the primordial density field, and the
summed mass of neutrino species. Extensively observing these
redshift ranges for the first time in SDSS required re-evaluation
of targeting strategies. Preliminary targeting schemes for many
of these classes of objects were tested as part of SEQUELS
(Sloan Extended QUasar, Emission-line galaxy, Luminous red
galaxy Survey), which used 126 plates observed across SDSS-
IIT and SDSS-IV. DR13 includes all SEQUELS data, giving the
largest SDSS sample to date of spectra targeting intermediate
redshift ranges. SDSS-IV also allocated a significant number of
fibers on the eBOSS plates to two additional dark-time
programs. TDSS (Time Domain Spectroscopic Survey; Mor-
ganson et al. 2015) seeks to understand the nature of celestial
variables by deliberately targeting objects that vary in
combined SDSS DR9 and Pan-STARRS1 data (PS1; Kaiser
et al. 2002).

A large number of the likely quasar targets so selected are
also targeted by the main eBOSS algorithms and therefore meet
the goals of both surveys. TDSS-only targets fill ~10 spectra
per square degree. The main goal of the SPIDERS (Spectro-
scopic Identification of eROSITA Sources) survey is to
characterize a subset of X-ray sources identified by eROSITA
(extended Roentgen Survey with an Imaging Telescope Array;

129 http:/ /www.nsatlas.org

Albareti et al.

Predehl et al. 2014). Until the first catalog of eROSITA sources
is available, SPIDERS will target sources from the RASS
(ROSAT All Sky Survey; Voges et al. 1999) and XMM (X-ray
Multi-mirror mission; Jansen et al. 2001). SPIDERS will also
obtain on average ~10 spectra per square degree over the
course of SDSS-IV, but the number of fibers per square degree
on a plate is weighted toward the later years to take advantage
of the new data from eROSITA.

In bright time at APO, APOGEE-2, the successor to
APOGEE (hereafter APOGEE-1) in SDSS-IV, will continue
its survey of the Milky Way stellar populations. Critical areas
of the Galaxy, however, cannot be observed from APO,
including the more distant half of the Galactic bar, the fourth
quadrant of the disk, and important dwarf satellites of the
Milky Way, such as the Magellanic Clouds and some dwarf
spheroidals. SDSS-IV will for the first time include operations
outside of APO as the result of Carnegie Observatories and the
Chilean Participation Group joining the collaboration. A
second APOGEE spectrograph is being constructed for
installation on the 2.5 m du Pont Telescope (Bowen &
Vaughan 1973) at Las Campanas Observatory (LCO) near La
Serena, Chile. When APOGEE-2S begins survey operations in
2017, approximately 300 survey nights on the du Pont
Telescope will be used to extend the APOGEE-2 survey to
the Southern Hemisphere.

Data Release 13 (DR13) is the first data release for SDSS-
IV, which will have regular public, documented data releases,
in keeping with the philosophy of SDSS since its inception. In
this paper, we describe the data available in DR13, focusing on
the data appearing here for the first time. We present overall
descriptions of the sample sizes and targeting and provide a
detailed bibliography of the technical papers available to
understand the data and the surveys in more detail. These
technical papers and the SDSS web site (http: //www.sdss.org)
contain critical information about these data, which here is only
summarized.

2. Overview of the Survey Landscape

The release of DRI13 coincides with the arrival of an
astonishingly rich set of data from ongoing and recently
completed surveys outside of SDSS. Blanton et al. (2017),
Bundy et al. (2015), and Majewski et al. (2017) describe how
the SDSS-IV surveys compare in survey strategy, size, and data
within the wider arena of spectroscopic surveys. We cite here
some key science results for these works to complement our
brief history of SDSS.

Spectroscopic redshift surveys of large-scale structure have
resulted in BAO measurements over a range of redshifts. The
BAO signal has been detected at lower redshift (z ~ 0.1) from
measurements of ~75,000 galaxies in the 6dF Galaxy Redshift
Survey (Beutler et al. 2011). WiggleZ measured the BAO
signal at similar redshifts to BOSS based on redshifts of
~225,000 galaxies. The final WiggleZ results for the 1D BAO
peak (Kazin et al. 2014) and the 2D BAO peak (Hinton
et al. 2017) at z = 0.44, 0.6, and 0.73 agree with the BOSS
results. Still under way is the VIMOS Public Extragalactic
Redshift Survey, which focuses on higher redshifts than
previous work (0.5 < z < 1.2) and will overlap in part with
eBOSS (Guzzo et al. 2014).

When the MaNGA survey began, two pioneering and highly
influential IFU surveys of hundreds of galaxies were bein§
completed: CALIFA (Sanchez et al. 2012) and ATLAS®
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Figure 9. Box plot of the stars with 4100 K < T < 5000 K in four clusters spanning a range in metallicities (M13 = —1.58, M71 = —0.82, M67 = 0.06,
NGC 6791 = 0.37; Holtzman et al. 2015). C and N are not included because their values in a cluster change depending on the evolutionary state of the star as the
result of first dredge-up (e.g., Masseron & Gilmore 2015). A boxed horizontal line indicates the interquartile range and median found for a particular element. The
vertical tails extending from the boxes indicate the total range of abundances determined for each element, excluding outliers. Outliers are shown by crosses.
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Figure 10. Hertzsprung—Russell diagram for all DR13 APOGEE-1 stars. The
calibrated gravities and temperatures are used. The cool stars now clearly fall
into dwarf and giant categories, but the stellar parameters do not merge
smoothly onto the warmer Kurucz-based grid.
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and interesting chemistry exposed (e.g., Hawkins
et al. 2016).

5. The disagreement between the [Ti/Fe] value based on
Til lines and Till lines is yet to be resolved. We are
currently investigating the choice of lines (as noted by
Hawkins et al. 2016) and the effect of 3D and NLTE
corrections.

6. The mean and scatter shown in Figure 9 were calculated
using stars with 4100 K < T < 5000 K. The scatter
becomes noticeably worse if the warmest or coolest stars
in the clusters are included. Warmer stars have weaker
lines in general in the H band, and the coolest stars are
affected by the issues with the cool grid (see below).

The elements included in DR13 are by no means the only
elements/species with lines present in the H band amenable to
abundance analysis. Hawkins et al. (2016), for example,
independently derive Yb, along with many other elements,
for the APOKASC sample (Pinsonneault et al. 2014). We
expect to include additional elements in upcoming data
releases.
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Figure 11. Comparison of the [M/H] derived for Pleiades cluster dwarfs from
DRI2 (red open circles) and DR13 (black filled squares). The Pleiades has
many rapidly spinning stars with rotationally broadened, shallow lines. When
analyzed with the DR12 version of ASPCAP, which did not include rotational
broadening, the best \* fit for the high v sin i stars was achieved for synthetic
spectra with metallicity much lower than that known for the Pleiades.
Therefore, the cluster average was subsolar (red line). In DR13, where the
dwarfs are run through a grid that includes a v sin i dimension, all Pleiades
stars fall close to the correct value (black line), regardless of broadening.

8.3. Synthetic Spectral Grids at T < 3500 K and with
Rotational Broadening

In DR10-12, the synthetic spectral grid used by ASPCAP
(Mészaros et al. 2012; Zamora et al. 2015) was restricted to
temperatures hotter than 3500 K because Kurucz model atmo-
spheres are not available at cooler temperatures. However, many
important APOGEE targets have cooler temperatures, including
the luminous metal-rich M giants in the bulge, cool asymptotic
giant branch stars, and M-dwarf planet hosts. Therefore, we used
custom MARCS (Gustafsson et al. 2008) atmospheres provided
by B. Edvardsson (2017, private communication) to construct
new synthetic spectra. For the stellar atmospheres for the giants,
the atmospheres are spherical; otherwise, they are plane-parallel.
The Kurucz model grid and the new MARCS model grid
overlap between 3500 and 4000 K. In this region, there are some
systematic differences between the results from the two grids; to
provide homogeneous results, DR13 adopts the parameters and
abundances from the analysis with the Kurucz grid.

Figure 10 shows the current parameter space in T, log g,
and [M/H] covered by Data Release 13 stars. It is immediately
apparent that the parameters derived from the MARCS grid do
not match smoothly to the parameters from the Kurucz grid.
Possible explanations include the switch from plane-parallel
Kurucz to spherical MARCS for the giants and/or the large
number of model atmospheres in the MARCS grid that failed to
converge. Because ASPCAP requires a square grid of synthetic
spectra, these “grid holes” were filled by adjacent model
atmospheres. The line list does not have FeH lines, which can
be important features in the atmospheres of cool M dwarfs. We
are investigating the size of the error caused by using incorrect
model atmospheres in the grid, the possibilities of using
alternative methods of interpolating and identifying the best-fit
model, and the addition of FeH lines. H16 provides more
details on the construction of the cool grid and the resulting
stellar parameters. Nonetheless, Figure 10 illustrates the
improved parameter space over DR12, which should aid in
classifying M stars correctly as dwarfs or giants and separate
the early M from the late M stars.
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The APOGEE-1 sample is dominated by giants used to probe
the chemical cartography of the Galaxy (Majewski et al. 2017).
Fewer than 2% of red giants rotate at speeds detectable at the
APOGEE spectrograph resolution (de Medeiros et al. 1996;
Carlberg et al. 2011). Therefore, the first versions of ASPCAP
did not include rotational broadening as a dimension in the
synthetic spectral grid, which substantially reduced the comput-
ing time. However, dwarf stars, of which there are >20,000 in
APOGEE-1, are frequently rapidly rotating, especially if they are
young. For DR13, we added a dimension to the synthetic
spectral grid where spectra were broadened by a Gaussian
kernel. To keep the computing time reasonable, and in
acknowledgment of the small effect that C and N abundances
have on the atmospheres of warm dwarfs, we fixed the [C/M]
and [N/M] grids to solar values. The [C/Fe] and [N/Fe] values
reported for dwarfs in DR13 are calculated from windows after
the best-fit parameters are determined, in similar fashion to the
other individual elements. Figure 11 shows the improvement in
the stellar parameters for members of the Pleiades star cluster.
Some of the dwarfs in this young cluster are rotating with
vsini>50kms™'. In DR12, ASPCAP found a bestfit
solution for metal-poor stars. The shallower the lines because
of rotational broadening, the more metal-poor the star was
reported to be. With the DR13 grid, there is no longer a
prominent trend in [M/H] with v sin 7, and the mean value of the
cluster is now at the expected metallicity.

8.4. Data Access

Data access via the CAS and SAS is similar to that for DR12
(Holtzman et al. 2015); “dr12” should be replaced with “dr13”
in the path name or DR13 as the context in CASJobs. Some of
the tag/column names have been modified. While raw
abundances are still given in the FELEM arrays, “calibrated”
abundances are now presented in X_H and X_M arrays, as well
as in individual X_FE tags/columns. For dwarfs, there is now a
column in the allStar fits file on the SAS or in the aspcapStar
table on the CAS that reports the v sin i. DR13 also includes a
new catalog of red-clump stars based on the new ASPCAP
parameters, following the method of Bovy et al. (2014),
available at the location described in Table 2.

9. The Future

SDSS-IV will continue to add to the SDSS legacy of data
and data analysis tools in upcoming data releases. DR14 is
scheduled for 2017 July 31, and there will be yearly data
releases until the end of the survey in 2020. For MaNGA,
future data releases will include more data cubes of galaxies
that are currently being observed. DR14 will include 2744
additional galaxies observed by MaNGA. In DRI15, a data
interface system that includes web- and python-based tools to
access a data analysis pipeline that carries out continuum and
emission-line fitting to provide estimates of stellar and gas
kinematics, emission-line fluxes, and absorption-line index
measurements will be released. In addition, MaNGA has
started a bright-time observing program, piggybacking on
APOGEE-2, to build a stellar library. These reduced optical
stellar spectra will be included in DR15. For eBOSS, future
data releases will provide sufficient redshifts of LRGs, ELGs,
and quasars to be of cosmological interest, on its way to the
goals described in Section 1. For example, DR14 contains the
spectra for 2480 deg® observed by eBOSS. TDSS and
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SPIDERS will also release many more spectra, redshifts, and
classifications for variable and X-ray-emitting objects, respec-
tively. For APOGEE-2, the next data release (DR14) will
contain spectra for an additional 98,882 stars from the
APOGEE-2N spectrograph at APO observed under SDSS-IV,
and DR16 and subsequent DRs will provide spectra taken with
both the APOGEE-2N and APOGEE-2S spectrographs at
LCO. In addition to observing red giants as the main target
category, data will be obtained for RR Lyrae stars in the bulge,
dwarf spheroidal galaxies, the Magellanic Clouds, Kepler
Objects of Interest, and targets in the K2 fields.
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