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Abstract

This paper documents the sixteenth data release (DR16) from the Sloan Digital Sky surveys over-
all, and the fourth from the fourth phase (SDSS-IV). This is the last data release which contains
data (spectra and redshifts) from the Extended Baryon Oscillation Spectroscopic Survey (eBOSS).
DR16 also includes the first data from the Apache Point Observatory Galactic Evolution Explorer
2 (APOGEE-2) Southern Observing, as well as more data from APOGEE-2 in the North. There
is also the final data from the Time Domain Spectroscopic Survey (TDSS) and new data from the
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SPectroscipic IDentification of ERosita (SPIDERS). There is no new data from the Mapping Nearby
Galaxies at Apache Point Observatory (MaNGA) survey (or the MaNGA Stellar Library “MaStar”)
in this data release.
Subject headings: Atlases — Catalogs — Surveys

1. INTRODUCTION
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51 Observatório Nacional, Rio de Janeiro, Brasil
52 Department of Physics and Astronomy, Western Washing-

ton University, 516 High Street, Bellingham, WA 98225, USA
53 Departamento de F́ısica, CCNE, Universidade Federal de

Santa Maria, 97105-900, Santa Maria, RS, Brazil
54 National Astronomical Observatories of China, Chinese

Academy of Sciences, 20A Datun Road, Chaoyang District,
Beijing 100012, China

55 Department of Physics, University of Helsinki, Gustaf
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México, Apdo. Postal 20-364, México
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de México, Ensenada, Baja California, México
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and SPIDERS, nearby galaxies in MaNGA, and the
Milky Way and its stars in APOGEE-2.

This paper documents the sixteenth data release from
SDSS (DR16) in a series that began in 2001 (Stoughton
et al. 2002). It is the fourth from SDSS-IV (following
DR13: Albareti et al. 2017; DR14: Abolfathi et al. 2018
and DR15: Aguado et al. 2019). DR16 contains two
important milestones:

• It contains the final data from eBOSS, complet-
ing that redshift survey. DR16 therefore marks the
end of a twenty-year stretch during which SDSS
was continuously performing a redshift survey of
the universe, producing the largest catalog of spec-
troscopic galaxy redshifts by a factor of ten. DR16
has DETERMINE THE NUMBER redshifts
of unique galaxies.

• It contains the first data from APOGEE-2S, which
is mapping the Milky Way from the du Pont Tele-
scope at LCO, in the southern hemisphere. The
SDSS facilities are now operating in two hemi-
spheres, yielding a view of all of the components
of the Milky Way.

paragraph highlighting other smaller things,
TBD from other sections

2. SCOPE OF DR16

DR16 is a cumulative data release, following the tradi-
tion of previous SDSS data releases. This means that
all previous data releases are included in DR16, and
data products and catalogs of these previous releases
will remain accessible on our data servers. However, we
strongly advise to always use the most recent SDSS data
release, as data will have been reprocessed using updated
data reduction pipelines, and catalogs may have been up-
dated with new entries and/or improved analysis meth-
ods. Any of these changes between DR16 and previous
data releases are documented in this paper and on the
DR16 website https://www.sdss.org/dr16.

The content of DR16 is given by the following sets of
data products:

1. eBOSS is releasing X new optical spectra of galax-
ies and quasars with respect to its previous SDSS
data release. These targets were observed between
MJD X and Y (real dates), and bring the total
number of spectra observed by eBOSS to X. This
number includes spectra observed as part of the
TDSS and SPIDERS sub-surveys, as well as the
spectra taken as part of the eBOSS reverberation
mapping ancillary program. All spectra, whether
released previously or for the first time in this data
release have been processed using the latest version
of the eBOSS data reduction pipeline X. In addi-
tion to the spectra, eBOSS is also releasing catalogs
of redshifts, as well as various value-added catalogs.
DR16 is the last SDSS data release that will con-
tain new eBOSS spectra, as this survey has now
finished.

Kentucky, 505 Rose St., Lexington, KY, 40506-0055, USA

2. APOGEE-2 is including X new infrared spectra of
mostly stars in the Milky Way, as well as X. This
includes X spectra observed with APOGEE-2South
at Las Campanas Observatory in Chile, mostly cov-
ering targets X. These new spectra were taken be-
tween MJD X and Y (real dates) for APOGEE-
2North (Apache Point Observatory), and MJD X
and Y (real dates) for APOGEE-2South. DR16
also includes all previously released APOGEE and
APOGEE-2 spectra, which have been re-reduced
with the latest version of the APOGEE data re-
duction and analysis pipeline. In addition to
the reduced spectra, element abundances and stel-
lar parameters are included in this data release.
APOGEE-2 is also releasing a number of value-
added catalogs.

3. MaNGA and MaStar not releasing any new spec-
tra in this data release, and the spectra and data
products included in DR16 are therefore identical
to the ones that were released in DR15. However,
MaNGA is contributing a number of value-added
catalogs in DR16, that are based on the DR15 sam-
ple and data products.

4. As mentioned before, since SDSS data releases are
cumulative, DR16 also includes data from all pre-
vious SDSS data releases. The eBOSS ALSO
BOSS?, APOGEE and APOGEE-2 spectra
that were previously released have all been
reprocessed with the latest reduction and
analysis pipelines. The MaNGA and MaS-
tar data were last updated in DR15 (Aguado
et al. 2019), and the SDSS-III MARVELS
spectra were finalised in DR12 (?). SDSS
Legacy Spectra were released in its final
form in DR8 (?), and the SEGUE-1 and
SEGUE-2 surveys had their final reductions
released with DR9 (?). The SDSS imag-
ing had its most recent release in DR13
(Albareti et al. 2017), when it was recal-
ibrated for eBOSS imaging purposes. IS
THIS TRUE?

An overview of the total content of DR16, with number
of spectra included, is given in Table 1 QUESTION
FROM KLM: Do we like the history - going from
DR13 numbers to cumulative DR16, or want to
cut this down? AMW: I kind of like to see the
progression here. If possible, also include RM as
I mention these above?. An overview of the value-
added catalogs that are new or updated in DR16 can be
found in Table 2; adding these to the VACs previously
released in SDSS, the total number of VACs in DR16 is
X.

3. DATA ACCESS

Will contain links to SAS and CAS. Make clear how
to see difference between APOGEE-2 North and South.
Links to value added catalogs. Links to APOGEE-2 and
eBOSS spectra in SAW, repeat that MaStar also avail-
able here. Marvin to access MaNGA data. Highlight
that there will be some more MaNGA VACs included
into Marvin. Although not data access as such, men-

https://www.sdss.org/dr16
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TABLE 1
Reduced SDSS-IV spectroscopic data in DR16

Target Category # DR13 # DR13+14 # DR13+14+15 # DR13+14+15+16

eBOSS
LRG samples 32968 138777 138777

ELG Pilot Survey 14459 35094 35094
Main QSO Sample 33928 188277 188277

Variability Selected QSOs 22756 87270 87270
Other QSO samples 24840 43502 43502

TDSS Targets 17927 57675 57675
SPIDERS Targets 3133 16394 16394

Standard Stars/White Dwarfs 53584 63880 63880

APOGEE-2
All Stars 164562 263444 263444

NMSU 1-meter stars 894 1018 1018
Telluric stars 17293 27127 27127

APOGEE-N Commissioning stars 11917 12194 12194
MaNGA Cubes 1390 2812 4824 4824
MaNGA main galaxy sample:

PRIMARY v1 2 600 1278 2126 2126
SECONDARY v1 2 473 947 1665 1665

COLOR-ENHANCED v1 2 216 447 710 710
MaStar (MaNGA Stellar Library) 0 0 3326 3326
Other MaNGA ancillary targets1 31 121 324 324

1 Many MaNGA ancillary targets were also observed as part of the main galaxy sample, and are
counted twice in this table; some ancillary targets are not galaxies.

TABLE 2
New or Updated Value Added Catalogs

Description Section Reference(s)

eBOSS ELG classification §4.2.1 Zhang et al. (2019)
eBOSS Lyman-α VAC §4.2.2 H. du Mas des Bourboux in prep.
SDSS Galaxy Single Fiber FIREFLY §4.2.3 Comparat et al. (2017)
eBOSS QSO catalogs §4.2.4 Lyke et al. in prep.
eBOSS lenses §4.2.5 M. Talbot et al. in prep.
eBOSS ELG, LRG and QSO LSS catalogs §4.2.6 eBOSS Team in prep.
SPIDERS X-ray clusters §4.4.3 Kirkpatrick et al. in prep.
SPIDERS Rosat and XMM-Slew Sources §4.5 Dwelly et al. (2017)
SPIDERS Multiwavelength Properties of RASS and XMMSL AGNs §4.5.1 Dwelly et al. (2017); Salvato et al. (2018)
SPIDERS black hole masses §4.5.2 Coffey et al. (2019)
APOGEE-2 red clumps §5.8.1 Bovy et al. (2014)
APOGEE-2 astroNN §5.8.2 Leung & Bovy (2019a)
APOGEE-2 Joker §5.8.3 A. Price-Whelan et al., in prep
APOGEE-2 OCCAM §5.8.4 Donor et al. (2018)
APOGEE-2 GravPot §5.8.5 J. Fernández-Trincado et al. in prep.
MaNGA NSA images §6.1 Blanton et al. (2011)
MaNGA PCA §6.2 Pace et al. (2019a,b)
MaNGA DESI Morphology §6.3 Vázquez-Mata et al. in prep.
APOGEE-2 StarHorse Freidrich
MaNGA SEDMorph Vivienne

tion Voyages if Britt and Rita are OK with advertising
availability?

4. EBOSS: FINAL SAMPLE RELEASE

Need summary paragraph of the eBOSS experiment,
with justification and references to survey and TS tech-
nical papers. Add summary sentence for science re-
sults, but depends on timing WRT final cosmology re-
sults. Opening paragraph for high-level legacy overview.
Should include SPIDERS/TDSS as well if they are to be
included in this section.

Make sure to cite SDSS/BOSS Spectrographs (Smee
et al. 2013)

4.1. Main eBOSS Section

eBOSS is done, summarize legacy of cosmological sur-
veys within SDSS, state years. eBOSS provides a spec-

troscopic sample over the redshift range 0.6 < z < 2
using direct tracers (state why this is important) and
supplements the Lyman-alpha forest sample of BOSS
by adding XXX z > 2 new quasars per sqdeg and re-
observations of XXX known lyman-alpha forest quasars
per square degree that benefit from additional signal-to-
noise. KD to improve text

4.1.1. Scope and Summary

Now eBOSS in specifics: Describe TS papers, target
densities, redshift ranges, and successful redshift rates.
Using successful redshifts as the metric, describe incre-
ment in data relative to DR14 (previous eBOSS release):
The new release adds XXX sqdeg of spectroscopic cov-
erage of luminous red galaxies and quasars, comprising
XXX new LRG and YYY new quasars. New release
also features the complete ELG program, covering XXX
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sqdeg and XXX spectroscopically confirmed ELG over
the redshift interval 0.6 < z < 1.1. With the comple-
tion of eBOSS, the BOSS and eBOSS samples provide
six distinct target samples covering the redshift range
0.2 < z < 3.5, as summarized in Table X. Show foot-
print for each target class from BOSS/eBOSS, with sur-
face densities. -Julian Bautista or Ashley Ross to provide
summary statistics

4.1.2. Changes to the Spectral Reduction Algorithms

The data in DR16 were processed with v5 13 0 of the
idl pipeline. This is the last version of the software
that will be used for studies of large-scale structure with
the SDSS telescope. Describe what is different between
v5 13 0 and the DR14 release. Provide some summary
figures and statistics of how these algorithmic changes
affect the spectral data quality. Add a table with short
description of pipeline versions since DR9, include the
following columns: data release, pipeline version, biggest
algorithmic change. Julian Bautista to write.

4.1.3. Anticipated Cosmology Results

Describe plans for final studies. The DR16 paper is
likely to come out before the eBOSS papers are posted
to arXiv, but after the eBOSS papers are posted to the
SDSS publications list. Do we reference the whole se-
quence of cosmology papers (in prep)? We could then
provide direct references to these papers when we re-
spond to the referee. Or do we just refer to published
works and describe the overall plan to publish the final
samples? KD to write.

4.2. eBOSS Value Added Catalogs

KD: should we divide VACs into those for final
cosmology stuudy and those for galaxy/quasar
science? We should make sure that we define the
purpose of these catalogs and how we recommend
that they be used.

4.2.1. Classification of 0.32< z <0.8 eBOSS emission line
galaxies

This catalog gives the classification of 0.32 < z <
0.8 eBOSS emission line galaxies into four types: star-
forming galaxies, composites, AGNs and LINERs. It also
contains the parameters: [OIII]/Hβ, [OII]/Hβ, [OIII] line
velocity dispersion, stellar velocity dispersion, u−g, g−r,
r − i, i − z that are used for classification. The classi-
fication is based on a random forest model trained us-
ing z < 0.32 emission line galaxies labeled using stan-
dard optical diagnostic diagrams (Zhang et al. 2019).
The codes, data and models are available at https:
//github.com/zkdtc/MLC_ELGs

4.2.2. Lyman-α Forest Transmission VAC

Cosmology Catalog This VAC contains the esti-
mated fluctuations of transmitted flux fraction in the
analysis pixels of the Lyman-α and Lyman-β spectra re-
gion of DR16Q quasars. In total, 211,375 line-of-sights
contribute to the Lyman-α spectral regions and 70,626 to
the Lyman-β one. This VAC contains everything needed
to compute the 3D auto-correlation of Lyman-alpha ab-
sorption in two different spectral regions (e.g . du Mas
des Bourboux 2019). When combined with the DR16Q

quasar catalog, this VAC allows to also compute the 3D
quasar x Lyman-alpha 3D cross-correlation. These two
correlations are used to measure the Baryonic Acoustic
Oscillations at z ∼ 2.33.

4.2.3. FIREFLY Stellar Population Models of SDSS Galaxy
Spectra (single fiber)

We determine the stellar population properties, age,
metallicity, dust reddening, stellar mass, and star for-
mation history for all single fiber spectra classified as
galaxies that were published in this release (including
those from SDSS-I, II, III and IV). This is an update
of the calculation done by Comparat et al. (2017) on
the galaxy spectra of the fourteenth data release. We
perform full spectral fitting on individual galaxy spectra
using the firefly126 code (Wilkinson et al. 2015; God-
dard et al. 2017b,a; Wilkinson et al. 2017). We make
use of high spectral resolution stellar population mod-
els from Maraston & Strömbäck (2011). Calculations
are carried out using the Chabrier (2003) stellar initial
mass function and two input stellar libraries MILES and
ELODIE (Sánchez-Blázquez et al. 2006; Falcón-Barroso
et al. 2011; Prugniel et al. 2007). We publish all cata-
logs of properties through the SDSS web interfaces (value
added catalogue and sci-server) and hand out individual
best-fit model spectra through the firefly website127 This
catalog contains the newly completed samples of eBOSS
LRG and eBOSS ELG and will be useful for a variety of
studies on galaxy evolution and cosmology Bates et al.
(e.g. 2019).

4.2.4. eBOSS Quasar Catalog

Cosmology Catalog Beginning with SDSS-I, SDSS
has maintained a tradition of releasing a visually-
inspected quasar catalog alongside major data releases.
The new SDSS-DR16Q catalog (DR16Q; Lyke et al.
in prep) represents the most recent, and largest, cat-
alog of known unique quasars within SDSS. To en-
sure completeness, quasars from previous catalog releases
(DR7Q; Schneider et al. 2010, DR12Q; Pâris et al. 2017)
have been combined with observations from eBOSS in
SDSS-IV. The catalog will contain data for more than
750k unique quasars, including redshifts from visual in-
spections, principle component analysis (PCA), and the
SDSS automated pipeline. For appropriate objects the
catalog will also contain information about broad absorp-
tion line (BAL) troughs, damped Lyα (DLA) absorbers,
and emission line redshifts (via PCA). As in previous re-
leases, DR16Q will also contain data from GALEX (Mar-
tin et al. 2005), UKIDSS (Lawrence et al. 2007),
WISE (Wright et al. 2010), FIRST (Becker et al. 1995),
2MASS (Skrutskie et al. 2006), ROSAT/2RXS (Boller
et al. 2016a), XMM-Newton (Rosen et al. 2016), and
Gaia (Gaia Collaboration et al. 2018). To facilitate anal-
yses of pipeline accuracy and automated classification, a
superset will be released containing ∼ 1.4 million unique
observations for objects targeted as quasars from SDSS-
I/II/III/IV.

KD: this is a pretty important catalog as it is
the last in the line of many QSO catalogs. It

126 https://github.com/FireflySpectra
127 https://firefly.mpe.mpg.de/

https://github.com/zkdtc/MLC_ELGs
https://github.com/zkdtc/MLC_ELGs
https://github.com/FireflySpectra
https://firefly.mpe.mpg.de/
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may be worth adding some statistics on the cat-
alog and describing the evolution. For example,
describe philosophy behind DR12Q, DR14Q, and
DR16Q catalogs, with references. What algorith-
mic changes were implemented from one quasar
catalog to the next? What redshift approach was
used for DR16Q (refer back to redrock discus-
sion for PCA approach). DLA, BAL approach,
with references. Provide table of statistics on how
DR16Q catalog is different from DR14Q.

4.2.5. eBOSS Strong Gravitational Lens Detection Catalog

We present a catalog of 700 probable and 400 likely
candidate strong galaxy gravitational lens systems dis-
covered by the presence of higher redshift background
emission-lines in eBOSS galaxy spectra for Data Re-
lease 16. Our Spectroscopic Identification of Lensing Ob-
ject (SILO) program extends the method of the BOSS
Emission-Line Lens Survey (BELLS; Brownstein et al.
2012) and Sloan Lens ACS (SLACS; Bolton et al. 2006)
survey to higher redshift, and has recently been applied
to the spectroscopic discovery of strongly lensed galaxies
in MaNGA (SILO; Talbot et al. 2018). Although these
candidates have not been studied by a focussed followup
imaging survey, we do provide an analysis of existing
imaging from the SDSS Legacy Survey and the Dark
Energy Spectroscopic Instrument (DESI) Legacy Sur-
veys (Dey et al. 2019). This catalog includes the results
of a manual inspection process, including grades and
comments for each candidate, where we consider the ef-
fects of sky contamination, low signal-to-noise emission-
lines, improper calibration, weak target emission-lines,
systematic errors, gaussian modeling, and potential lens-
ing features visually identified within the available imag-
ing.

4.2.6. eBOSS Large Scale Structure

KLM: Is this in or out? DR16 includes full reduc-
tions of the completed set of observed eBOSS spectra.
From these data large-scale structure (LSS) VACs are
created, which, together map the 3D structure of the
Universe from redshift 0.6 to redshift 2.2. These maps
are carefully constructed so as to allow unbiased cosmo-
logical inference, the results of which are summarized in
eBOSS science team (in prep. I). Three distinct samples
were observed by SDSS-IV and used to produce LSS cata-
logs: luminous red galaxies (LRGs; Prakash et al. 2016);
emission line galaxies (ELGs; Raichoor et al. 2017); and
quasars (Myers et al. 2015). The details of their cat-
alog construction are presented in eBOSS collaboration
(in prep. II), with further details on the ELG sample
presented in Raichoor et al. (in prep.). Some statement
about what we learned about cosmology from these cat-
alogs (?) Some statement about what public could do
with these catalogs (?)

4.3. SPIDERS

SPIDERS (Spectroscopic IDEntification of EROSITA
Sources) was originally designed as a multi-purpose
follow-up program of the SRG/eROSITA all-sky sur-
vey (Merloni et al. 2012; Predehl et al. 2016), with
the main focus on X-ray selected Active Galactic Nu-
clei (AGN) and clusters of galaxies. Given the delay in

the launch of SRG (which took place in July 2019, i.e.
after the end of the eBOSS survey) the program was
re-purposed to target the bright X-ray sources from the
ROSAT All-Sky Survey (RASS Voges et al. 1999, 2000)
and XMM-Newton (X-ray Multi-mirror Mission; Jansen
et al. 2001), which will be eventually better character-
ized by eROSITA.

All SPIDERS spectra taken since the beginning of
SDSS-IV have targeted either point-like X-ray sources
from the revised data reduction of ROSAT (2RXS Boller
et al. 2016a) and XMM-Slew (Saxton et al. 2008) cat-
alogs, or red-sequence galaxies in clusters detected by
ROSAT (CODEX catalogue, Finoguenov et al. in prep.)
or by XMM (XClass catalogue Clerc et al. 2012) samples.

In addition to the these programs, completed and fully
released in DR16, the eROSITA Performance Verifica-
tion survey (eFEDS) data set is currently planned to be
available by November 2019 and should consist of 120
deg2 observed to the final eROSITA all-sky survey depth
over an equatorial field overlapping with the GAMA09
survey window. To address at least part of the original
goals of SPIDERS (eROSITA follow-up) within SDSS-
IV, we plan to dedicate a special set of 12 special plates
for these targets, to be observed in Spring 2020, and re-
leased as part of the final SDSS-IV DR17. An extensive
eROSITA follow-up program, instead, is planned for the
next generation of the survey, SDSS-V (Kollmeier et al.
2017).

4.4. Clusters of Galaxies

With SPIDERS and in DR16, 2,740 X-ray selected
clusters (out of a total of 4,114) were spectroscopically
confirmed. It constitutes the largest cluster spectroscopic
sample ever build.

4.4.1. Target selection update

A substantial fraction of SPIDERS fibers are targeting
galaxies selected via the red-sequence technique around
candidate X-ray galaxy clusters (Rykoff et al. 2012,
2014). The systems were found by filtering X-ray pho-
tons over-densities in the RASS with an optical cluster
finder. The targeting strategy and the parent samples
relevant to most of the targets are fully described in Clerc
et al. (2016).

We added in chunk eboss20 a few SPIDERS RASS CLUS
targets obtained by extending the red-sequence search
up to five times the cluster virial radius in CODEX clus-
ters detected through their weak-lensing signature (Shan
et al. 2014). Moreover, we introduced three new target
subclasses, taking advantage of deeper optical datasets
that enable cluster member measurements at higher red-
shifts:

• SPIDERS CODEX CLUS CFHT: following the proce-
dure described in Brimioulle et al. (2013), pointed
CFHT/Megacam observations and CFHT-LS fields
provide deep (u)griz photometry. 54 spectra
were acquired with the corresponding bit mask
EBOSS TARGET2 = 6;

• SPIDERS CODEX CLUS PS1: 249 high-redshift (zλ >
0.5) CODEX cluster candidates were searched
for red-sequence counterparts in PanStarrs PS1
(Flewelling et al. 2016) using a custom algorithm.
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129 spectra were acquired with the corresponding
bit mask EBOSS TARGET2 = 7;

• SPIDERS CODEX CLUS DECALS: these targets are
output of a custom red-sequence finder code ap-
plied to DeCALS photometric data128 (Dey et al.
2019). 48 spectra were acquired with the corre-
sponding bit mask EBOSS TARGET2 = 8.

4.4.2. Galaxies and redshifts

The sky area covered by eBOSS/SPIDERS spectro-
scopic plates129 amounts up to 5, 350 deg2; it defines the
area relevant to DR16 SPIDERS galaxy cluster science
and catalogues (Clerc et al. in preparation). A total
of 48,013 galaxy redshifts are matched to red-sequence
galaxies, regardless of any actual membership determi-
nation. Of those, 26,527 are SPIDERS targets specifi-
cally. The additional redshifts were collected from past
SDSS-I, II, III (including SEQUELS) and other eBOSS
programs. The median i-band magnitudes of the ac-
quired targets are ifiber2 = 20.0 and icModel = 18.5 and
most of the spectra are typical of red, passive galaxies at
0.05 . z . 0.7, displaying characteristic absorption fea-
tures (Ca H+K, G-band, MgI, NaD, etc.) Such magni-
tude and redshift ranges and the purposely narrow spec-
tral diversity make the automated galaxy redshift deter-
mination a straightforward task for the eBOSS pipeline,
that is well-optimised in this area of the parameter space
(Bolton et al. 2012). In total, 47,492 redshifts are suc-
cessfully determined with a ZWARNING NOQSO = 0. The
remaining ∼ 1% showing a non-zero flag are mainly due
to non-existent data or insufficient signal to noise ratios;
their small number allows a treatment on a case-by-case
basis.

4.4.3. VAC: SPIDERS X-ray clusters catalog for DR16

Within the DR16 eBOSS area, 2,740 X-ray clusters
showing a richness λOPT > 10 were spectroscopically val-
idated based on galaxy redshift data from SDSS-I to -IV
in their red-sequence. A total of 32,326 valid redshifts
were associated with these galaxy clusters, leading to a
median number of 10 redshifts per red sequence. The
process of this validation is a combination of automatic
and manual evaluations (Kirkpatrick et al. in prep.). An
automated algorithm performed a preliminary member-
ship assignment and interloper removal based on stan-
dard iterative σ-clipping methods. The results of the
algorithm were visually inspected by six experienced
galaxy cluster observers (totalling eleven since the be-
ginning of the survey), ensuring at least two indepen-
dent inspectors per system. A Web-based interface was
specifically developed for this purpose: using as a start-
ing point the result of the automated algorithm, the tool
allows each inspector to interactively assess membership
based on high-level diagnostics and figures (see Figure 16
in Clerc et al. 2016). A final decision is made by each
inspector whether to validate the system as a bonafide
galaxy cluster or mark as ”unvalidated” in cases where
the data is lacking. Validation is in most cases a conse-
quence of finding three or more red-sequence galaxies in
a narrow redshift window all within the X-ray estimated

128 http://legacysurvey.org/decamls/
129 Chunks eboss1–5, 9, 16, 20, 24, 26, 27 and boss214, 217.

viral radius, compatible with them all being galaxy clus-
ter members. A robust weighted average of the cluster
member redshifts, provides the cluster systemic redshift.
A majority vote was required for each system to be finally
”validated” or ”unvalidated”; in the former case, an addi-
tional condition for agreement is the overlap of the cluster
redshifts’ 95% confidence intervals. For cases without a
clear majority, additional inspectors were asked to eval-
uate, or else a discussion amongst inspectors was held in
order to reach a new consensus.

4.5. X-ray point like sources

Throughout SDSS-IV, the SPIDERS program has
been providing spectroscopic observations of ROSAT and
XMMSL2 sources in the BOSS footprint (Dwelly et al.
2017). For ROSAT sources, the major difficulty lies
in the identification of secure counterparts of the X-ray
sources at optical wavelength, given the large positional
uncertainties. To solve this problem, the Bayesian cross-
matching algorithm NWAY (Salvato et al. 2018) was
used, in combination with priors based ALLWISE (Cutri
et al. 2013) infrared (IR) color-magnitude distributions
which, at the depth of the 2RXS and XMMSL2 sur-
veys, can distinguish be- tween X-ray emitting and field
sources. WISE positions were matched to photometric
counterparts in SDSS.

In addition to those targeted during
eBOSS/SPIDERS, a large number of ROSAT and
XMMSL1 sources (not always targeted as such) received
spectra during the SDSS-I/II (2000–2008 York et al.
2000) and the SDSS- III (Eisenstein et al. 2011) BOSS
(2009–2014 Dawson et al. 2013) surveys.

By combining these with SDSS-IV spectra, the spec-
troscopic completeness achieved by the SPIDERS survey
as of SDSS DR16 in the ∼ 5, 300 deg2 of the eBOSS foot-
print area is ∼ 53% for the ROSAT sample as a whole
(10,590 sources), raising to ∼ 63% considering only high-
confidence X-ray detections and to ∼ 87% considering
sources with high-confidence X-ray detections and opti-
cal counterparts with magnitudes in the nominal eBOSS
survey limits (17 ≤ mFiber2,i ≤ 22.5). Outside the
eBOSS area, the spectroscopic completeness of this sam-
ple is lower: ∼ 28% for the sample as a whole, ∼ 39%
considering only high-confidence X-ray detections, and
∼ 57% considering sources with high-confidence X-ray
detections and optical counterparts with magnitudes in
the nominal survey limits. ALL NUMBERS TO BE
VERIFIED ONCE MORE before submission

Comparat et al. (in preparation) presents the SPI-
DERS spectroscopic survey of X-ray point-like sources,
and a detailed description of the associated DR16 Value
Added Catalogs, that we summarize below.

4.5.1. VACs: Multiwavelength Properties of RASS and
XMMSL AGNs

We present the multiwavelength characterization over
the area covered by the SEQUELS and eBOSS DR16 sur-
veys (∼ 5300 deg2 TBC) of two highly complete samples
of X-ray sources:

1. The ROSAT All-Sky Survey (RASS) X-ray source
catalog (2RXS Boller et al. 2016a)

2. The XMM-Newton Slew Survey point source cata-
log (XMMSL Saxton et al. 2008, version 1.6).
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We provide information about the X-ray properties of
the sources as well as of their counterparts at longer
wavelengths (optical, IR, radio) identified first in the
All-WISE IR catalog via a Bayesian cross-matching al-
gorithm (Dwelly et al. 2017; Salvato et al. 2018). We
complement this with dedicated visual inspection of all
the SDSS spectra, providing accurate redshift estimates
(with objective confidence levels) and source classifica-
tion, beyond the standard eBOSS pipeline results. These
two VACs supersede the two analogous ones published in
DR14.

4.5.2. VAC: Spectral Properties and Black Hole Mass
Estimates for SPIDERS SDSS DR16 Type 1 AGN

This VAC contains optical spectral properties and
black hole mass estimates for the SDSS DR16 sample of
X-ray selected SPIDERS type 1 AGN. This is the DR16
edition of an earlier SPIDERS VAC covering SPIDERS
type 1 AGN up to SDSS DR14, which was presented
by Coffey et al. (2019) and Aguado et al. (2019). As
part of the SPIDERS programme (Dwelly et al. 2017),
X-ray sources detected by both the Second ROSAT All-
Sky Survey catalogue (2RXS; Boller et al. 2016b) and the
second XMM-Newton Slew survey catalogue (XMMSL2;
Saxton et al. 2008) were followed up with SDSS opti-
cal spectroscopy. The spectral regions around the MgII
and Hβ emission lines were fit using a multicomponent
model in order to derive optical spectroscopic properties
as well as derived quantities such as black hole mass es-
timates and Eddington ratios. This resulted in a sample
of 8867 X-ray selected type 1 AGN with optical spectral
measurements. Visually confirmed redshifts and X-ray
luminosity measurements are also included in this cata-
logue. For further details on the production of this VAC,
see Coffey et al. (2019).

4.6. TDSS

[Draft update from SA] The Time Domain Spectro-
scopic Survey (TDSS), a subprogram of eBOSS in SDSS-
IV, is providing the first large-scale, systematic follow-up
spectroscopic survey to characterize photometric vari-
ables. The completion of eBOSS observations discussed
above correspondingly marks the completion of TDSS
observations, as TDSS also relies on the BOSS spectro-
graphs, using a small fraction (about 5%) of the optical
fibers piggybacking on eBOSS plates. TDSS observa-
tions thus effectively also concluded with eBOSS data
collection in February of 2019, and with the full TDSS
spectroscopic data included in DR16.

There are three main components of TDSS, each now
with data collection complete:

(1) The primary TDSS spectroscopic targets are se-
lected from their variability within Pan-STARRS1 (PS1
multi-epoch imaging photometry, and/or from longer-
term photometric variability between PS1 and SDSS
imaging data (e.g., see Morganson et al. 2015). TDSS
single epoch spectroscopy (SES; Ruan et al. 2016)) of
these targets establish the nature (e.g., variable star vs.
variable quasar, and subclass, etc) of the photometric
variable, and in turn often then suggest the character
of the underlying variability (e.g., pulsating RR Lyrae
vs. flaring late-type star vs. cataclysmic variable, etc).
Accounting for the relevant SDSS-IV (and a pilot pro-
gram, known as SEQUELS, in SDSS-III) observations,

new optical spectra have been collected for more than
108,000 such TDSS photometric variables through DR16.
Also accounting for spectra of similar additional TDSS
variables fortuitously already having spectra within the
earlier SDSS archives, of order one-third of the TDSS
variables are spectroscopically classified as variable stars,
and most of the other two-thirds are variable quasars.

(2) Another 6,500 TDSS spectroscopic fibers in SDSS-
IV are allotted to repeat spectra of known star and
quasar subclasses of unusual and special interest, antici-
pated or suspected to exhibit spectroscopic variability in
few epoch spectroscopy (FES; e.g., see MacLeod et al.
2018). A recent specific example of the latter, are TDSS
spectra of nearly 250 dwarf Carbon stars that provide
strong evidence of statistical radial velocity variations in-
dicative of subclass binarity (e.g., Roulston et al, 2019).

(3) The more recently initiated TDSS Repeat Quasar
Spectroscopy (RQS; also see MacLeod et al. 2018)pro-
gram obtains multi-epoch spectra for 16,500 known
quasars, sampling across a broad range of properties in-
cluding redshift, luminosity, and quasar subclass type
(i.e., with a larger sample size, but also a greater ho-
mogeneity and less a priori bias to specific quasar sub-
classes than the TDSS FES programs), all of which have
at least one earlier epoch of SDSS spectroscopy already
available in the SDSS archive. The RQS program espe-
cially addresses quasar spectral variability on multi-year
timescales, and in addition to its own potential for new
discoveries of phenomena such as changing-look quasars
or broad absorption line (BAL) variability and others,
also provides a valuable (and timely) resource for plan-
ning of yet larger scale multi-epoch quasar repeat spec-
tral observations anticipated for the Black Hole Mapper
program in the future SDSS-V (see below).

In total, TDSS has selected or co-selected (in the lat-
ter case, often with eBOSS quasar candidate selections)
more than 131,000 spectra in SDSS-IV that probe spec-
troscopy in the time-domain. All such quality spectra
are available in DR16.

Does this go here? QSO Reverb Mapping Overview
(Shen et al. 2015)

5. APOGEE-2: FIRST RELEASE OF SOUTHERN
HEMISPHERE DATA, AND MORE FROM THE NORTH

5.1. Introduction

General statements about APOGEE-2 Duration.
Commencement of Southern Survey. Number of stars
included in DR16. Scientific areas encompassed.

Make sure to cite APOGEE Data Proc Pipeline (Nide-
ver et al. 2015), APOGEE-2 Target Selection (Zasowski
et al. 2017).

5.2. APOGEE-2 Southern Survey Overview

Extended description of APOGEE-2S

• Southern instrument blip [publication from Wilson
et al. highlighted]

• Southern commissioning

• Operations and current performance

• Description of scope and departures from Northern
Survey
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5.3. General APOGEE-2 Targeting

• AP-2N: inclusion of two ancillary program calls; no
BTX as not a part of DR16

• AP-2S: core science observations only; extended de-
scription of External Programs

• AP-2S: Mention of Santana et al. (in prep)

• All APOGEE: Addition of relevant targeting flags

5.4. APOGEE DR16 Data Products (DRP+ASPCAP)

• Highlight DR16-related DRP changes; radial veloc-
ity data

• Highlight DR16-related ASPCAP changes; stel-
lar atmospheric parameters and individual element
abundances

1. line list enhancements

2. employment of only MARCS model atmo-
spheres for entire synthetic spectral grid

3. generation of Cerium abundances

4. ASPCAP fitting in giants across new C and
N dimensions

• Mention of Jonsson et al. (in prep)

5.5. Data Quality

• Anticipated gains in quality (modest).

• Brief nod to APOGEE-associated VACs for DR16

5.6. Future

Note from KLM - possibly move to the Future
section

• AP-2N: BTX program inclusion

• AP-2N: Mention of Beaton et al. (in prep)

• AP-2S: Extension of Southern Survey to goal sci-
ence areas of K2 fields and substellar companions

• Description of final APOGEE-2 data release

5.7. Images/Plots/Graphics

1. APOGEE-2 DR16 Scope/Field Coverage [plot]

2. AP-2S Instrument on duPont Telescope; Schemat-
ics [picture/image]

3. Figure 1 from Jonsson et al. [plot]

4. Demonstration of DR16 Quality (comparison with
literature and prior data releases) [plot]

5.8. APOGEE Value Added Catalogs

A number of value added catalogs based on APOGEE
data are included in DR15.

5.8.1. APOGEE red-clump catalog

DR16 contains the latest version of the APOGEE red-
clump (APOGEE-RC) catalog. This catalog is created in
the same way as the DR14 version of the catalog, with a
more stringent log g cut compared to the original version
of the catalog (Bovy et al. 2014). The catalog contains
39,675 unique stars, about 30% more than in DR14. We
include proper motions by matching to the Gaia DR2
catalog (Gaia Collaboration et al. 2018).

5.8.2. APOGEE-astroNN

The APOGEE-astroNN value-added catalog contains
the results from applying the astroNN deep-learning code
to APOGEE spectra to determine stellar parameters, in-
dividual stellar abundances (Leung & Bovy 2019a), dis-
tances (Leung & Bovy 2019b), and ages (Mackereth et al.
2019). Full details of how all of these quantities are de-
termined from the DR16 data are given in Section 2.1
of Bovy et al. (2019). In addition, properties of the or-
bits in the Milky Way (and their uncertainties) for all
stars are computed using the fast method of Mackereth
& Bovy (2018) assuming the MWPotential2014 gravita-
tional potential from Bovy (2015). Typical uncertainties
in the parameters are 60 K in Teff, 0.2 dex in log g, 0.05
dex in elemental abundances, 5 % in distance, and 30 %
in age. Orbital properties such as the eccentricity, max-
imum height above the mid-plane, radial, and vertical
action are typically precise to 4 to 8 %.

5.8.3. APOGEE-Joker

The APOGEE-Joker VAC contains posterior sam-
plings over binary star orbital parameters (i.e. Keple-
rian orbital elements) for 224,401 stars with 3 or more
APOGEE visit spectra that pass a set of quality cuts (as
described in Price-Whelan et al., in prep.). The sam-
plings are generated using The Joker, a custom Monte
Carlo sampler designed to handle the very multi-modal
likelihood functions that are natural to sparsely-sampled
or noisy radial velocity time series (Price-Whelan et al.
2017, 2018). For some stars, these samplings are uni-
modal in period, meaning that the data are very con-
straining and the orbital parameters can be uniquely
summarized; In these cases, we provide summary in-
formation about the samplings such as the maximum
a posteriori sample values. Based on some simple cuts
comparing the maximum likelihood posterior sample to
the likelihood of a model for each source in which the
radial velocities are constant (both quantities are pro-
vided in the VAC metadata), we estimate that there
are & 25, 000 binary star systems robustly detected by
APOGEE. The vast majority of these systems have very
poorly constrained orbital parameters, but these poste-
rior samplings are still useful for performing hierarchi-
cal modeling of the binary star population paramters
(e.g., period distribution and eccentricity parameters) as
is demonstrated in Price-Whelan et al. (in prep.).

5.8.4. APOGEE-Open Cluster Chemical Abundances and
Mapping

The goal of the Open Cluster Chemical Abundances
and Mapping (OCCAM) survey is to create a uniform
(same instrument, same analysis pipeline) open cluster
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dataset. We combine proper motion (PM) and radial ve-
locity (RV) measurements from Gaia DR2 (Gaia Collabo-
ration et al. 2018) with RV and metallicity measurements
from APOGEE to establish membership probabilities for
each star observed by APOGEE near an open cluster. In
this second VAC from the OCCAM survey, we do not im-
pose a minimum number of reliable member stars as in
Donor et al. (2018), but we do enforce a visual quality
cut based on each cluster’s PM cleaned CMD. A detailed
description of the updated methods will be provided in
Donor et al. (in prep). The final VAC includes 126 open
clusters and 10191 APOGEE stars in the vicinity of those
clusters. Average RV, PM, and average abundances for
reliable ASPCAP elements are provided for each cluster,
along with the visual quality determination. Member-
ship probabilities based individually upon RV, PM, and
[Fe/H] are provided for each star.

5.8.5. GravPot16-VAC: Stellar Orbits for APOGEE DR16

We present a VAC that contains an entry for every
source observed on both the northern and southern hemi-
sphere by the SDSS-IV Apache Point Observatory Galac-
tic Evolution Experiment (APOGEE-2) in common with
Gaia DR2, giving information about each star and its
derived quantities, in particular, precise Galactic Or-
bital Elements. The stellar orbits were integrated into
both an axisymmetric model and a model including the
Galactic bar potential through the galaxy modeling algo-
rithm calledGravPot16130, which fits the structural and
dynamical parameters to the best we know of the recent
knowledge of our own Milky Way galaxy. We adopt a
simple Monte Carlo scheme to construct the initial condi-
tions for each object, taking into account the uncertain-
ties in the radial velocities provided by the APOGEE-
2 survey, the absolute proper motions provided by the
European Space Agency’s Gaia mission (Gaia DR2),
and the Photo-astrometric distances provided by the
StarHorse algorithm, in order of seeing how much the
orbital properties change, considering the errors of the
measurements, and at the same time, how the Galactic
bar affects them. With this initial data, some parameters
were obtained in each orbit, such as the angular momen-
tum vector and the orbital energy per unit mass, E, in
the axisymmetric case, and the orbital Jacobi constant,
EJ , which is conserved in the reference frame where the
bar is at rest. This unprecedented homogeneous dataset
allows us to give a short overview of these quantities in
this paper. For reference, the solar position R� = 8.3
kpc, and Z� = 11 pc, the local kinematic parameters
VLSR = 239 km/s (for the motion of the local standard
of rest), and [U,V,W]� = [−11.10, −12.24 , +7.25 ] km/s,
in line with Brunthaler et al. (2011), and a bar angle of
20 deg, and a bar mass of 1.1×1010 Solar mass, in line
with Fernández Trincado (2017; PhD.-Thesis). We use
a right-handed, Cartesian Galactocentric coordinate sys-
tem, where the X axis is oriented toward l = 180 deg.,
and the Y axis is oriented toward l = 270 deg. (the disk
rotates toward l ∼ 90 deg.). This VAC is described in
greater detail in J. Fernández-Trincado et al. in prep.

6. MANGA: VALUE ADDED CATALOGUES ONLY

130 https://gravpot.utinam.cnrs.fr

MaNGA continues to observe galaxies at APO as de-
scribed in (Drory et al. 2015; Yan et al. 2016), and fol-
lowing the end of eBOSS observing, now uses all dark
time at APO. For DR16 there is no new data release of
MaNGA data cubes or analysis products; all remaining
data will be released in DR17. However a number of
MaNGA related VACs are provided which we document
here.

6.1. NASA Sloan Atlas Images and Image Analysis

We are releasing the underlying image and image anal-
ysis for the NASA Sloan Atlas (NSA). The methods used
are described in Blanton et al. (2011) and Wake et al.
(2017). Briefly, for a set of nearby galaxies of known red-
shift (z < 0.15) within the SDSS imaging area, we have
created and analysed GALEX and SDSS images. This
analysis forms the basis for the MaNGA targeting, and
resulted in the v1 0 1 NSA catalog released originally
with DR14. We are now releasing the images which were
analyzed to create those parameters. The data set in-
cludes the original catalogs from which the NSA sample
was drawn, the mosaic images and inverse variance im-
ages that were analyzed, the deblending results for each
object, the curve-of-growth and aperture corrections for
each object, and other intermediate outputs. We expect
that this data set may be useful for reanalysis of the
GALEX or SDSS imaging. The full data set is large (15
terabytes) and therefore any users interested in using a
large fraction of it are encouraged to make special ar-
rangements to transfer the data through Globus rather
than through other methods.

6.2. MaNGA Principle Component VAC

The MaNGA-PCA VAC provides resolved and inte-
grated (aperture-corrected) stellar masses for galaxies
in MaNGA, building on DRP version v2 5 3, DAP ver-
sion 2.3.0, and using PCAY (https://www.github.com/
zpace/pcay) version 1.0.0 (Pace et al. 2019a). A library
of continuous stellar populations (CSPs) are used to train
a principal component analysis (PCA) model. Both the
CSP spectra and the resulting principal component (PC)
basis set are included in the VAC.

The resolved masses are found by adopting the PC sys-
tem as a basis set for fitting the stellar continuum regions
of MaNGA spectra, and using the goodness-of-fit of each
synthetic spectrum for a given observed spectrum, to de-
fine a marginalized posterior probability density function
for the observed spectrum’s i-band stellar mass-to-light
ratio. The median of that distribution is adopted as the
fiducial stellar mass-to-light ratio of a spaxel (line of sight
in a galaxy), and multiplied by the i-band luminosity to
get an estimate for the stellar mass. At this time, i-band
stellar mass-to-light ratio and i-band luminosity maps
(both in solar units) are released. Stellar mass-to-light
ratios have been vetted against synthetic spectra, and
found to be reliable at median signal-to-noise ratios be-
tween 2 and 20, across a wide range of dust attenuation
conditions, and across the full range of realistic stellar
metallicities. Typical ”random” uncertainties are ap-
proximately 0.1 dex (including age-metallicity degenera-
cies and uncertainties induced by imperfect spectropho-
tometry), and systematic uncertainties induced by choice
of training star formation histories could be as high as

https://gravpot.utinam.cnrs.fr
https://www.github.com/zpace/pcay
https://www.github.com/zpace/pcay
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0.3 dex, but are believed to be closer to 0.1 to 0.15 dex
(Pace et al. 2019a).

In addition to resolved maps of stellar mass-to-light
ratio and i-band luminosity, a catalog of total stellar-
masses for MaNGA DR16 galaxies is provided. We pro-
vide the total mass inside the IFU (after interpolating
over foreground stars and unreliable measurements). We
also supply two possible exterior masses intended to cor-
rect for mass falling outside the spatial grasp of the IFU:
the first adopts the median stellar mass-to-light ratio of
the outermost 0.5 effective radii, and the second (recom-
mended) adopts a mass-to-light ratio consistent with the
(g - r) color of the NSA flux minus the flux in the IFU
(Pace et al. 2019b).

6.3. Visual Morphology from DESI Images

A new morphology catalogue is presented, based on
a pure visual morphological classification. From a new
uniform treatment of the SDSS images in combination
with deeper images from the DESI Legacy Imaging Sur-
veys DECaLS, BASS and MzLS (DESI; Dey et al. 2019),
it is plausible to identify various structural features for
a more definite morphological classification following the
method implemented in Hernández-Toledo et al. (2010).
The visual morphological classification is carried out
judging three-panel mosaic images, a gray logarithmic-
scaled r-band image, a filter-enhanced r-band image and
the corresponding gri colour composite image using SDSS
and DESI images. This catalogue contains the T-Type
morphology, visual attributes (barred, edge-on, tidal de-
bris) and the CAS parameters (Concentration, Asym-
metry and Clumpiness; Conselice 2003) from the DESI
images. This new MaNGA Visual Morphology catalogue
is described in more detail in Vázquez-Mata et al. (in
prep.).

7. CONCLUSIONS AND FUTURE PLANS

This data release, which is the sixteenth over all from
SDSS (DR16) is the last release of cosmological survey
data from SDSS (as part of the eBOSS survey), and the
first release of data from Southern hemisphere observing
as part of APOGEE-2S. DR16 contains no new data from
the MaNGA survey part of SDSS-IV.

SDSS-IV has one final year of operations remaining,
and is planning a further one final public data release.
That data release, which will be the seventeenth from
SDSS overall (DR17), will comprise all remaining data
taken by all surveys in SDSS-IV. What follows is a brief
summary of the intended contents of DR17

• Due to an accelerated pace of observing in Febru-
ary 2018-2019, eBOSS has finished observing, and
so DR16 is the final data release for the eBOSS
survey (with the exception of plates in the SPI-
DERS (and TDSS?) programmes. The success-
ful launch of the eROSITA satellite (Predehl et al.
2014) means there will be SPIDERS plates for fol-
lowup of eROSITA targets).

• MaNGA is observing in all remaining dark time
from APO (since March 2019), and is on sched-
ule to meet, or slightly exceed its intended goal
of 10,000 galaxies. In addition MaNGA has been
(provisionally?) awarded time to observe a subset

of galaxies at an exposure time four times deeper
than the typical survey.

• APOGEE-2 continues to observe from both the
Northern (APO) and Southern (LCO) hemisphere.
DR16 is the first release of data from the Southern
hemisphere.

7.1. SDSS-V

Starting in 2020, after SDSS-IV has ceased observa-
tions at APO and LCO, the next generation of SDSS —
SDSS-V — will begin (Kollmeier et al. 2017). SDSS-V is
a multi-epoch spectroscopic survey to observe nearly six
million sources using the existing BOSS and APOGEE
spectrographs, as well as very large swathes of ISM in the
Local Group using new optical spectrographs and a suite
of small telescopes. SDSS-V will operate at both APO
and LCO, providing the first all-sky “panoptic” spectro-
scopic view of the sky, and will span a wide variety of
target types and science goals.

The scienntific program is divided into three “Map-
pers”. The Milky Way Mapper (MWM) is targeting mil-
lions of stars with the APOGEE and/or BOSS spectro-
graphs, ranging from the immediate solar neighborhood
to the far side of the Galactic disk and the MW’s satel-
lite companions. The MWM will probe the formation
and evolution of the MW, the physics and life-cycles of
its stars, and the architecture of multi-star and plane-
tary systems. The Black Hole Mapper (BHM) is target-
ing nearly half a million SMBHs and other X-ray sources
(including newly discovered systems from the eROSITA
mission) with the BOSS spectrograph in order to char-
acterize the X-ray sky, measure black hole masses, and
trace black hole growth across cosmic time. Finally, the
Local Volume Mapper (LVM) employs a wide-field opti-
cal IFU and new optical spectrographs (with R ∼ 4000)
to map ∼3000 deg2 of sky, targeting the ISM and stellar
populations in the MW and several local galaxies. These
maps will reveal the physics of star formation and of the
interplay between stellar populations and the surround-
ing ISM.

SDSS-V builds upon the operational infrastructure and
data legacy of earlier SDSS programs, but it includes
several key new developments. Among these are the re-
tirement of the SDSS plug-plate system and the intro-
duction of robotic fiber positioners in the focal planes of
both 2.5 meter telescopes at APO and LCO. These focal
plane systems (FPS) enable more efficient observing and
larger target densities than achievable in previous SDSS
surveys. In addition, the LVM is facilitated by the con-
struction of [[HOW MANY]] ≤1 meter telescopes at both
observatories, linked to six new optical spectrographs
based on the DESI design [[cite?]]. SDSS-V continues
the SDSS legacy of open data policies and convient, effi-
cient public data access, with improved data distribution
systems to serve its large, diverse, time-domain, multi-
object and integral-field data set to the world.
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