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Abstract

This paper documents the seventeenth data release (DR17) from the Sloan Digital Sky Surveys; the fifth and final
release from the fourth phase (SDSS-IV). DR17 contains the complete release of the Mapping Nearby Galaxies at
Apache Point Observatory (MaNGA) survey, which reached its goal of surveying over 10,000 nearby galaxies.
The complete release of the MaNGA Stellar Library accompanies this data, providing observations of almost
30,000 stars through the MaNGA instrument during bright time. DR17 also contains the complete release of the
Apache Point Observatory Galactic Evolution Experiment 2 survey that publicly releases infrared spectra of over
650,000 stars. The main sample from the Extended Baryon Oscillation Spectroscopic Survey (eBOSS), as well as
the subsurvey Time Domain Spectroscopic Survey data were fully released in DR16. New single-fiber optical
spectroscopy released in DR17 is from the SPectroscipic IDentification of ERosita Survey subsurvey and the
eBOSS-RM program. Along with the primary data sets, DR17 includes 25 new or updated value-added catalogs.
This paper concludes the release of SDSS-IV survey data. SDSS continues into its fifth phase with observations
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already underway for the Milky Way Mapper, Local Volume Mapper, and Black Hole Mapper surveys.

Unified Astronomy Thesaurus concepts: Astronomy data acquisition (1860); Astronomy databases (83);

Surveys (1671)

1. Introduction

The Sloan Digital Sky Surveys (SDSS) have been almost
continuously observing the skies for over 20 yr, since the project
began with a first phase in 1998 (SDSS-I; York et al. 2000).
SDSS has now completed four phases of operations (with a fifth
ongoing; see Section §). Since 2017, SDSS has had a dual
hemisphere view of the sky, observing from both Las Campanas
Observatory (LCO), using the du Pont Telescope and the Sloan
Foundation 2.5 m Telescope (Gunn et al. 2006) at Apache Point
Observatory (APO). This paper describes data taken during the
fourth phase of SDSS (SDSS-IV; Blanton et al. 2017), which
consisted of three main surveys: the Extended Baryon Oscillation
Spectroscopic Survey (eBOSS; Dawson et al. 2016), Mapping
Nearby Galaxies at APO (MaNGA; Bundy et al. 2015), and the
APO Galactic Evolution Experiment 2 (APOGEE-2; Majewski
et al. 2017). Within eBOSS, SDSS-IV also conducted two smaller
programs: the SPectroscopic IDentification of ERosita Sources
(SPIDERS; Clerc et al. 2016; Dwelly et al. 2017) and the Time
Domain Spectroscopic Survey (TDSS; Morganson et al. 2015).
SDSS-IV also continued the SDSS Reverberation Mapping (RM)
program to measure black hole masses out to redshifts z ~ 1-2
using single-fiber spectra. Finally, the use of dual observing
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modes with the MaNGA and APOGEE instruments (Drory et al.
2015; Wilson et al. 2019) facilitated the development of the
MaNGA Stellar Library (MaStar; Yan et al. 2019), which
observed stars using the MaNGA fiber bundles during APOGEE-
led bright-time observing.

This suite of SDSS-IV programs was developed to map the
universe on a range of scales, from stars in the Milky Way and
nearby satellites in APOGEE-2, to nearby galaxies in MaNGA,
and out to cosmological scales with eBOSS. SPIDERS
provided follow-up observations of X-ray-emitting sources,
especially from eROSITA (Merloni et al. 2012; Predehl et al.
2014), and TDSS and SDSS-RM provided a spectroscopic
view of the variable sky.

The final year’s schedule for SDSS-IV was substantially
altered due to the COVID-19 pandemic. Originally, the SDSS-
IV observations were scheduled to end at APO on the night of
2020 June 30 and at LCO on the night of 2020 September 8.
Closures in response to COVID-19 altered this plan. APO
closed on the morning of 2020 March 24, and the 2.5 m Sloan
Foundation Telescope reopened for science observations the
night of 2020 June 2. The summer shutdown ordinarily
scheduled in July and August was delayed, and instead SDSS-
IV observations continued through the morning of 2020 August
24. LCO closed on the morning of 2020 March 17, and the du
Pont Telescope reopened for science observations the night of
2020 October 20. The du Pont Telescope was used almost
continuously for SDSS-IV through the morning of 2021
January 21. These changes led to different sky coverages than
were originally planned for SDSS-IV but still allowed it to
achieve or exceed all of its original goals.
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Figure 1. The growth in data volume hosted by the SDSS Science Archive
Server (SAS) since DRS. For a more detailed break down of data volume, see
https://sdss.org/dr17 /data_access/volume.

This paper documents the seventeenth data release (DR17)
from SDSS overall, and is the fifth and final annual release
from SDSS-IV (following DR13: Albareti et al. 2017; DR14:
Abolfathi et al. 2018; DR15: Aguado et al. 2019; and DR16:
Ahumada et al. 2020). With this release, SDSS-IV has
completed the goals set out in Blanton et al. (2017).

A complete overview of the scope of DR17 is provided in
Section 2, and information on how to access the data can be
found in Section 3. We have separate sections on MaNGA
(Section 5), MaStar (Section 6), and APOGEE-2 (Section 4),
and while there is no new main eBOSS survey or TDSS data in
this release, we document releases from SPIDERS and the
eBOSS-RM program as well as eBOSS-related value-added
catalogs (VACs) in Section 7. We conclude with a summary of
the current status of SDSS-V, now in active operations, along
with describing plans for future data releases (Section 8).

2. Scope of DR17

SDSS data releases have always been cumulative, and DR17
follows that tradition, meaning that the most up-to-date
reduction of data in all previous data releases are included in
DR17. The exact data products and catalogs of previous
releases also remain accessible on our servers. However, we
emphatically advise users to access any SDSS data from the
most recent SDSS data release, because data may have been
reprocessed using updated data reduction pipelines, and
catalogs may have been updated with new entries and/or
improved analysis methods. Changes between the processing
methods used in DR17 compared to previous data releases are
documented on the DRI17 version of the SDSS website,
https://www.sdss.org/dr17, as well as in this article.

This data release itself includes over 46 million new files
totaling over 222 TB. Although many of these files replace
previous versions, the total volume of all SDSS files including
all previous versions now exceeds 623 TB on the Science
Archive Server (SAS). The growth of the volume of data on the
SAS since DR8 (which was the first data release of SDSS-III) is
shown in Figure 1.

Table 1 shows the growth of SDSS-IV data separated by
survey and target types across our five annual data
releases. These numbers are a mixture of counts of unique
spectra and unique objects and, while correct to the best of our
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ability, can be subject to change based on which quality control
flags are implemented. We also summarize this information
below:

1. APOGEE-2 is including 879,437 new infrared spectra.'>*
These data come from observations taken from MJD
58,302 to MJD 59,160 (i.e., from 2018 July 2 to 2020
November 7) for APOGEE-2 North (APOGEE-2N) at
APO and from MJD 58,358 to MJD 59,234 (2018
August 29 to 2021 January 20) for APOGEE-2 South
(APOGEE-2S) at LCO, and the new spectra comprise
both the observations of 260,594 new targets and the
additional epochs on targets included in previous DRs.
The majority of the targets are in the Milky Way, but
DR17 also contains observations of stars in the Large and
Small Magellanic Clouds and eight dwarf spheroidal
satellites as well as integrated light observations of both
M33 and M31. Notably, DR17 contains 408,118 new
spectra taken with the APOGEE-S spectrograph at LCO;
this brings the total APOGEE-2S observations to 671,379
spectra of 204,193 unique stars. DR17 also includes all
the previously released APOGEE and APOGEE-2
spectra for a cumulative total of 2,659,178 individual
spectra, all of which have been rereduced with the latest
version of the APOGEE data reduction and analysis
pipeline (J. Holtzman et al. 2022, in preparation). In
addition to the reduced spectra, element abundances and
stellar parameters are included in this data release.
APOGEE-2 is also releasing a number of VACs, which
are listed in Table 2.

2. MaNGA and MaStar are releasing all scientific data
products from the now-completed surveys. This contains
a substantial number of new galaxy and star observations
respectively, along with updated products for all the
observations previously released in DR15 and before.
These updated data products include modifications to
achieve subpercent accuracy in the spectral line-spread
function (LSF), revised flux calibration, and Data
Analysis Pipeline (DAP) products that now use stellar
templates constructed from the MaStar observations to
model the MaNGA galaxy stellar continuum throughout
the full optical and near-infrared (NIR) wavelength range.
MaNGA reached its target goal of observing more than
10,000 nearby galaxies, as well as a small number of non-
galaxy targets, while bright-time observations enable
MaStar to collect spectra for almost 30,000 stars through
the MaNGA instrument. MaNGA is also releasing a
number of VACs (Table 2).

3. There is no change in the main survey eBOSS data
released since DR16, when a total of 1.4 million eBOSS
spectra were released, completing its main survey goals.
However, a number of VACs useful for cosmological and
other applications are released in DR17. The TDSS
survey also released its complete data set in DRI6.
However, ongoing eBOSS-like observations of X-ray
sources under the SPIDERS program and continued
monitoring of quasars under the SDSS-RM program are
released in DR17.

15% The number of spectra are tallied as the number of new entries in the

AllVisit file. Table 1 conveys the numbers of unique targets that come from the
AllStar file.
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Table 1
SDSS-IV Spectroscopic Data in All Releases (DR13-DR17)

Target Category DRI13 DR14 DR15 DR16 DR17

APOGEE-2

Main Red Star Sample 109,376 184,148 184,148 281,575 372,458
AllStar Entries 164,562 277,371 277,371 473,307 733,901
APOGEE-2S Main Red Star Sample 56,480 96,547
APOGEE-2S AllStar Entries 102,200 204,193
APOGEE-2S Contributed AllStar Entries 37,409 92,152

NMSU I-meter AllStar Entries 894 1018 1018 1071 1175

Telluric AllStar Entries 17,293 27,127 27,127 34,016 45,803
MaNGA

All Cubes 1390 2812 4824 4824 11273
Main Galaxy Sample:

PRIMARY v1_2 600 1278 2126 2126 4621
SECONDARY_v1_2 473 947 1665 1665 3724
COLOR-ENHANCED_v1_2 216 447 710 710 1514
Other Targets® 31 121 324 324 1420
MaStar (MaNGA Stellar Library)

All Cubes 0 0 3321 3321 24,130
eBOSS

LRG Samples 32,968 138,777 138,777 298,762 298,762
ELG Samples 14,459 35,094 35,094 269,889 269,889
Main QSO Sample 33,928 188,277 188,277 434,820 434,820
Variability Selected QSOs 22,756 87,270 87,270 185,816 186,625
Other QSO Samples 24,840 43,502 43,502 70,785 73,574
TDSS Targets 17,927 57,675 57,675 131,552 131,552
SPIDERS Targets 3133 16,394 16,394 36,300 41,969
Reverberation Mapping 849° 849° 849° 849° 849°
Standard Stars/White Dwarfs 53,584 63,880 63,880 84,605 85,105

Notes.

4 Data cubes not in any of the three main galaxy samples, including both ancillary program targets and non-galaxy data cubes.

b The number of RM targets remains the same, but the number of visits increases.

4. DR17 also includes data from all previous SDSS data
releases. All MaNGA, BOSS, eBOSS, APOGEE, and
APOGEE-2 spectra that were previously released have all
been reprocessed with the latest reduction and analysis
pipelines. eBOSS main survey data were last released in
DR16 (Ahumada et al. 2020), and SDSS-III MARVELS
spectra were finalized in DR12 (Alam et al. 2015). SDSS
Legacy Spectra were released in their final form in DR8
(Aihara et al. 2011), and the SEGUE-1 and SEGUE-2
surveys had their final reductions released with DR9
(Ahn et al. 2012). The SDSS imaging had its most recent
release in DR13 (Albareti et al. 2017), when it was
recalibrated for eBOSS imaging purposes.

A numerical overview of the total content of DR17 is given
in Table 1. An overview of the VACs that are new or updated
in DR17 can be found in Table 2; adding these to the VACs
previously released in SDSS, the total number of VACs in
SDSS as of DR17 is now 63 (DR17 updates 14 existing VACs
and introduces 11 new ones). DR17 also contains the VACs
that were first published in the mini data release DR16+ on
2020 June 20. DR16+ did not contain any new spectra, and
consisted of VACs only. Most of the VACs in DR16+ were
based on the final eBOSS DRI16 spectra, and these include
large-scale structure and quasar catalogs. In addition, DR16+
contained three VACs based on the DR15 MaNGA sample.
The DR16+ VACs can be found in Table 2, and are described
in more detail in the sections listed there.

3. Data Access

There are various ways to access the SDSS DR17 data
products, and an overview of all these methods is available on
the SDSS website https://www.sdss.org/dr17/data_access/,
and in Table 3. In general, the best way to access a data product
will depend on the particular data product and what the data
product will be used for. We give an overview of all different
access methods below, and also refer to tutorials and examples
on data access available at https://www.sdss.org/drl7/
tutorials/.

For those users interested in the reduced images and spectra
of the SDSS, we recommend that they access these data
products through the SDSS-SAS (https://data.sdss.org/sas/).
These data products were all derived through the official SDSS
data reduction pipelines, which are also publicly available
through SVN or GitHub (https://www.sdss.org/dr17/
software/). The SAS also contains the VACs that science
team members have contributed to the data releases (see
Table 2), as well as raw and intermediate data products. All
files available through the SAS have a data model that explains
their content (https://data.sdss.org/datamodel/). Data pro-
ducts can be downloaded from the SAS either directly through
browsing or by using methods such as wget, rsync, and Globus
Online (see https://www.sdss.org/dr17/data_access/bulk, for
more details and examples). For large data downloads, we
recommend the use of Globus Online. Since SDSS data
releases are cumulative, in that data products released in earlier
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Table 2
New or Updated Value-added Catalogs (DR16+ Where Noted; Otherwise New or Updated for DR17)
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Name (See Section for Acronym Definitions)

Sections

Reference(s)

APOGEE-2

Open Cluster Chemical Abundances and Mapping Catalog
(OCCAM)

Red-Clump (RC) Catalog

APOGEE-Joker

Double-lined Spectroscopic Binaries in APOGEE Spectra
StarHorse for APOGEE DR17 + Gaia EDR3

AstroNN

APOGEE Net: A Unified Spectral Model

APOGEE on FIRE Simulation Mocks

Section 4.4.1

Section 4.4.1
Section 4.4.1
Section 4.4.1
Section 4.4.2
Section 4.4.2
Section 4.4.3
Section 4.4.4

Frinchaboy et al. (2013), Donor et al. (2018, 2020),

N. Myers et al. (2022, in preparation)

Bovy et al. (2014)

A. Price-Whelan et al. (2022, in preparation)

Kounkel et al. (2021)

Queiroz et al. (2020)

Leung & Bovy (2019a, 2019b), Mackereth et al. (2019a)
Olney et al. (2020), Sprague et al. (2022)

Sanderson et al. (2020), Nikakhtar et al. (2021)

MaNGA

NSA Images (DR16+)

SWIFT VAC (DR16+)

Galaxy Zoo: 3D

Updated Galaxy Zoo Morphologies (SDSS, UKIDSS, and DESI)
Visual Morphologies from SDSS + DESI Images (DR16+)
PyMorph DR17 Photometric Catalog

Morphology Deep Learning DR17 Catalog

PCA VAC (DR17)

FIREFLY Stellar Populations

Pipe3D

H 1-MaNGA DR3

The MaNGA AGN Catalog

Galaxy Environment for MaNGA (GEMA)

Spectroscopic Redshifts for DR17

Strong Gravitational Lens Candidate Catalog

Section 5.5.1
Section 5.5.1
Section 5.5.2
Section 5.5.2
Section 5.5.2
Section 5.5.2
Section 5.5.2
Section 5.5.3
Section 5.5.3
Section 5.5.3
Section 5.5.4
Section 5.5.5
Section 5.5.6
Section 5.5.7
Section 5.5.8

Blanton et al. (2011), Wake et al. (2017)
Molina et al. (2020)

Masters et al. (2021)

Hart et al. (2016), Walmsley et al. (2022)
Viazquez-Mata et al. (2021)

Dominguez Séanchez et al. (2021)
Dominguez Sénchez et al. (2021)

Pace et al. (2019a, 2019b).

Goddard et al. (2017), Neumann et al. (2022)
Sanchez et al. (2016, 2018)

Masters et al. (2019), Stark et al. (2021)
Comerford et al. (2020)

Argudo-Ferndndez et al. (2015)

Talbot et al. (2018), M. Talbot et al. (2022, in preparation)
M. Talbot et al. (2022, in preparation)

MaStar
Photometry Crossmatch
Stellar Parameters

Section 6.4
Section 6.5

R. Yan et al. (2022, in preparation)
R. Yan et al. (2022, in preparation)

eBOSS

ELG (DR16+)

LRG (DR16+)

QSO (DR16+)

DR16 Large-scale Structure Multi-tracer EZmock Catalogs
DR16Q Catalog (DR16+)

Lya Catalog (DR16+)

Strong Gravitational Lens Catalog (DR16+)

ELG-LAE Strong Lens Catalog

Cosmic Web Environmental Densities from MCPM

Section 7.1.1
Section 7.1.1
Section 7.1.1
Section 7.1.2
Section 7.1.3
Section 7.1.4
Section 7.2.1
Section 7.2.2
Section 7.2.3

Raichoor et al. (2017, 2021)

Prakash et al. (2016), Ross et al. (2020)
Myers et al. (2015), Ross et al. (2020)
Zhao et al. (2021)

Lyke et al. (2020)

du Mas des Bourboux et al. (2020)
Talbot et al. (2021)

Shu et al. (2016)

Burchett et al. (2020)

data releases are included in DR17, and will have been
processed by the latest available pipelines, we reiterate that
users should always use the latest data release, as pipelines
have often been updated to improve their output and fix
previously known bugs.

The Science Archive Webservers (SAW) provides visualiza-
tions of most of the reduced images and data products available
on the SAS. The SAW offers the option to display spectra with
their model fits, and to search spectra based on a variety of
parameters (e.g., observing program, redshift, and coordinates).
These searches can be saved as permalinks, so that they can be
consulted again in the future and can be shared with
collaborators. All SAW webapps are available from https://
dr17.sdss.org/, and allow for displaying and searching of
images (SDSS-1/II), optical single-fiber spectra (SDSS-1/II,
SEGUE, BOSS, and eBOSS), infrared spectra (APOGEE-1 and
APOGEE-2), and MaStar stellar library spectra. Images and
spectra can be downloaded through the SAW, and previous
data releases are available back to DRS. The SAW also offers
direct links to SkyServer Explore pages (see below).

The MaNGA integral-field data is not incorporated in the

SAW due to its more complex data structure, and can instead
be accessed through Marvin (https://drl7.sdss.org/marvin/;
Cherinka et al. 2019). Marvin not only offers visualization
options through its web interface but also allows the user to
query the data and analyze the data products remotely through
a suite of Python tools. Marvin also offers access to various
MaNGA VAGCs, as described in Section 5.5. Marvin’s Python
tools are available through pip-install, and installation instruc-
tions as well as tutorials and examples are available here:
https:/ /sdss-marvin.readthedocs.io/en/stable/. No installation
is required to use Marvin’s Python tools in SciServer, as
described later in this secti