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ABSTRACT

We present an early version of Rubin Data Preview 2 (DP2), the second data preview from the
National Science Foundation—Department of Energy Vera C. Rubin Observatory. Early Data Preview 2
(EDP2) comprises coadds, detection catalogs, and ancillary data products; eventually, the full DP2 will
also include single-epoch images and difference images, but any analysis begun on EDP2 will require no
modification. DP2 is derived from observations acquired by the LSST Science Camera (LSSTCam) on
the Simonyi Survey Telescope at the Summit Facility on Cerro Pachén, Chile, primarily during the on-
sky commissioning campaign between 2025-04-25 and 2025-09-21, supplemented by observations taken
between 2025-10-25 and 2026-01-06 that overlap the commissioning footprint. The DP2 footprint
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comprises the Science Validation wide-area survey, five Deep Drilling Fields, and a number of targeted
small-field regions, including Trifid and Lagoon, Prawn, M49, and New Horizons, all observed as part
of the Rubin First Look campaign. Each field was imaged in up to six broad photometric bands,
ugrizy, and coadded to produce deep imaging covering an estimated 3,000 deg?. The addition of
single-visit-only areas expands the total DP2 footprint to an estimated 15,000 deg?, with coverage
in at least one filter. The median per-visit PSF FWHM across the wide-area survey ranges from
1.17 arcsec in the z band to 1.26 arcsec in g and r bands, with the sharpest fields reaching ~ nan”.
COSMOS, the deepest field, reaches estimated coadded 50 depths of u=26 mag, g=26.8 mag, r=26.3
mag, 1=26.1 mag, 2z=25.3 mag, y=23.9 mag. DP2 contains 790 million distinct astrophysical objects,
of which X are extended in at least one band in coadds, and X solar system objects, of which X are new
discoveries. DP2 is approximately 59.15 TB in size and is available to Vera C. Rubin Observatory data
rights holders via the Rubin Science Platform, a cloud-based environment for the analysis of petascale
astronomical data. Based on a roughly five-month primary observing baseline and covering only part
of the eventual LSST footprint, DP2’s area, depth, and multiband coverage nonetheless support a

broad range of early science investigations ahead of LSST Data Release 1.

Keywords: Rubin Observatory - LSST

1. INTRODUCTION

The National Science Foundation (NSF)-Department
of Energy (DOE) Vera C. Rubin Observatory is a
ground-based, wide-field optical-near-infrared facility on
Cerro Pachoén in northern Chile, built to carry out the
Legacy Survey of Space and Time (LSST) (Ivezi¢ et al.
2019). The observatory is named in honor of Vera C.
Rubin, whose observations in the latter half of the 20th
century established the first compelling empirical case
for dark matter (Rubin & Ford 1970; Rubin et al. 1980).
Its 10-yr survey will image the entire visible southern sky
every 3—4 nights, reaching a coadded depth of ~ 27 mag
in the r-band across an 18000 deg? footprint (Bianco
et al. 2022).

At the heart of the facility is the 3.2 gigapixels-
gigapixel LSST Science Camera (LSSTCam), mounted
on the 8.4 m (6.5 m effective aperture) Simonyi Survey
Telescope (Stalder et al. 2024). Together they deliver an
instantaneous field of view of 9.6 deg? in six broadband
filters, ugrizy (320-1050 nm), with seeing-limited image
quality. The system’s étendue of 319 deg?m? exceeds
that of any previous optical facility by over an order
of magnitude, enabling the rapid, deep, all-sky cadence
that underpins Rubin’s four core science themes: the
nature of dark energy and dark matter; a census of the
solar system; the transient and variable optical sky; and
the structure of the Milky Way (Ivezié¢ et al. 2019). An
automated Data Management System processes tens of
terabytes of images per night to produce science-ready
data products within minutes of each observation for a
global community of scientists.

This paper presents Rubin’s third Data Preview, Data
Preview 2 (DP2) (NSF-DOE Vera C. Rubin Observatory

2025), and the first to be based entirely on LSSTCam
data. It marks the conclusion of the Rubin commission-
ing program and the transition to full survey operations.
DP2 is a reprocessing of all science-grade exposures ac-
quired with LSSTCam during on-sky commissioning and
the initial phase of early operations, prior to the formal
start of the LSST on 2026-06-29. As such, it represents a
natural boundary and provides a comprehensive dataset
that captures the on-sky performance of the as-built sys-
tem at the end of the Rubin construction project.

Two earlier Data Previews preceded DP2 as part of
the Rubin Early Science Program (Guy et al. 2026), es-
tablished to provide the community with early access
to data products and services needed to produce high-
impact science during the period spanning commission-
ing through the first Data Release. Data Preview 0
(DP0) was based on simulated LSST-like data (LSST
Dark Energy Science Collaboration (LSST DESC) et al.
2021) and served primarily to stand up early versions of
the Rubin Science Platform (RSP) and prepare the com-
munity for data access at scale. Data Preview 1 (DP1)
(NSF-DOE Vera C. Rubin Observatory 2025) delivered
the first data products derived from on-sky observa-
tions using science-grade exposures acquired with Rubin
Commissioning Camera (LSSTComCam) (Stalder et al.
2022, 2020; Howard et al. 2018; SLAC National Acceler-
ator Laboratory & NSF-DOE Vera C. Rubin Observa-
tory 2024); a 144-megapixel, single-raft instrument used
during early commissioning prior to the installation of
LSSTCam on the Simonyi Survey Telescope. DP2 su-
persedes both in scope, fidelity, and scientific depth.

DP2 contains 29756 science-grade exposures acquired
over 158 nights between 2025-04-16 and 2025-09-21, cov-
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ering a total sky area of 15,000 deg? across 85 fields. The
data products include raw and calibrated single-epoch
images, coadded images, difference images, source de-
tection catalogs, and a range of derived data products.
The release totals approximately 59.15 TB and contains
around 790 million distinct astronomical objects. Full
release documentation is available at https://dp2.1sst.io.

Because DP2 is drawn from a commissioning and
early-operations data rather than from the more uniform
and systematic LSST, its images and derived products
reflect a system that was still being commissioned and
tuned. LSSTCam’s greater scale and complexity rela-
tive to LSSTComCam introduced systematics with no
direct counterpart in DP1. For much of the campaign
the Active Optics System (AOS) closed loop converged
on a slightly mis-calibrated focus target, imprinting a
spatially varying defocus across the focal plane that was
only corrected on sky in December 2025 and that re-
mains visible in the point-spread function (PSF) of a
large fraction of DP2 exposures. Delivered image qual-
ity and PSF ellipticity did not consistently meet LSST
design requirements in wide-area survey-mode obser-
vations by the close of commissioning; and stray- and
scattered-light artifacts, sky-background systematics in
crowded fields, and a chromatic PSF dependence®* were
identified and only partially mitigated in DP2 process-
ing. These effects, their diagnosis, and the mitigations
applied are described in §2 and §5.

Unlike the systematic, rolling revisit pattern that will
characterize the LSST, DP2’s observing cadence is op-
portunistic: fields and filters were prioritized to serve
AOS and Science Pipelines commissioning rather than
to build a representative time series. The Science Val-
idation survey footprint was repeatedly re-scoped over
the course of the science validation campaign due to the
competing demands of engineering tests and filter avail-
ability, which was constrained by hardware issues for
part of the campaign. Visit counts and time sampling
therefore vary substantially and idiosyncratically from
field to field, and DP2 should not be read as a preview
of LSST’s eventual survey cadence, revisit statistics, or
depth-accumulation pattern.

DP2 is being delivered in two phases across the Jul—-
Dec 2026 window. The first phase, Early DP2 (EDP2),
comprises the deep coadd images and all associated cat-
alogs, including new cell-based coadds and the first re-
leases of the Object Shear (§3.2.3) shape-measurement
catalog and the Isolated Star Stellar Motions catalog
(§3.2.2). EDP2 is targeted for 2026-07-27. The sec-

24 1,SSTCam has no atmospheric dispersion corrector

ond phase, DP2, adds the visit-level single-epoch and
difference images, completing the full release, and is ex-
pected in the Oct—Dec 2026 range. Data products deliv-
ered as EDP2 will be incorporated into DP2 unchanged,
without additional reprocessing (Guy et al. 2026). This
phased delivery follows directly from Rubin’s hybrid
cloud architecture (O’Mullane et al. 2024a), in which sci-
ence data products are stored at the United States Data
Facility (USDF) and served to users via the US Data
Access Center (DAC) in Google Cloud. Deep coadd im-
ages and catalogs are hosted directly in Google Cloud
and are therefore unaffected by hybrid-cloud readiness,
allowing them to ship as EDP2. Visit-level images,
however, must be streamed from the USDF, and the
necessary capacity is not yet fully in place, introduc-
ing timing uncertainty for the second phase. Delivery
of the Prompt Data Products follows the same logic.
The Prompt Products DataBase (PPDB), Rubin’s real-
time catalog of transient, variable, and moving-object
detections, does not depend on USDF-Google Cloud
bandwidth and is therefore prioritized as the second
Early-Operations delivery milestone, following EDP2
and preceding the full DP2 release, expected in the
Sep—Oct 2026 range. Prompt images (raw images, Pro-
cessed Visit Images, and difference images), which do re-
quire that bandwidth, have been deprioritized relative to
EDP2 and the PPDB and are expected to become avail-
able only in the Oct—Dec 2026 range, following both.

DP2, like all Rubin Data Previews and Data Releases,
is subject to a 2 yr proprietary period; during this time
access is restricted to LSST data rights holders (Blum
& the Rubin Operations Team 2020) via the RSP (Jurié
et al. 2019), Rubin’s cloud-based data science platform
(Jurié¢ et al. 2019). After the proprietary period, DP2
will be made public, though access through Rubin DACs
in the US and Chile will remain limited to data rights
holders (Blum & the Rubin Operations Team 2020). Al-
ternative public access mechanisms have not yet been
finalized.

The structure of this paper is as follows. Section 2 de-
scribes the observatory system and its status at the close
of commissioning, the fields included in DP2, and the
observing strategy employed. Section 3 summarizes the
data products in the release. The processing pipelines
are described in Section 4, followed by data validation
and performance characterization in Section 5. Section 6
describes the RSP. Section 7 outlines Rubin’s commu-
nity support model. A summary and outlook toward the
start of formal LSST Data Releases is given in Section 8.

All magnitudes are quoted in the AB system (Oke &
Gunn 1983) unless otherwise specified.


https://dp2.lsst.io

2. COMMISSIONING WITH LSSTCAM

3. OVERVIEW OF THE CONTENTS OF RUBIN
DP2

In this section we describe the data products that are
included in DP2. Data rights holders can access all of
these data products via one or more of the data services
outlined in §6. For programmatic reasons, the precise
names of the data product can differ slightly depending
on which data service is being used to retrieve them.
For this reason, we use descriptive names throughout
this section and provide their equivalent names used in
the data services in Table 1. We note that some data
products are not available in all data services; such cases
are indicated in Table 1.

As with DP1, all the data products described in this
section fall under one of five categories:

e Science Images, including pre-processed Raw Im-
ages, Visit Images, and Deep Coadd images;

o (Catalogs of astrophysical Sources and Objects de-
tected and measured in the aforementioned science
images. We also provide the reference catalog that
was constructed to astrometrically and photomet-
rically calibrate the data during processing;

e Maps, which provide non-science-grade visualisa-
tions of the data;

e Ancillary Data Products, such as the values of the
configuration parameters that were used during
data processing, processing logs, and calibration
data products;

e Metadata, in the form of tables containing in-
formation about each visit and visit image, such
as visit pointing coordinates, exposure times, and
data quality summary statistics.

We expect that the Science Images and Catalogs will
be the most heavily used categories. We expect Sci-
ence Images and Catalogs to be the most commonly
used categories for science, while Maps, Ancillary Data
Products, and Metadata remain important for facilitat-
ing science exploitation via visual inspection, as well as
for transparency, EPO, media, and citizen-science ac-
tivities such as Zooniverse. While the categories of data
products in DP2 are the same as in DP1, this second
Data Preview contains a wider range of data product
types compared to DP1. This is principally due to the
science processing pipeline being in a more mature state
compared to the first data preview. In the following sec-
tions we clearly indicate those data product types which
are new to DP2.

As with DP1, the science processing pipelines use a
skymap to structure how processing is organized spa-
tially. The skymap divides the sky into a series of equal-
area tracts, which are then subdivided into a number of
patches. The tracts are arranged in rings of constant
decl., starting at the southern pole and having an in-
dex number that increases first by increasing R.A. and
then by increasing decl.. The skymap that was gener-
ated for DP2 processing contains a total of 18938 tracts
spanning the whole sky, 2174 of which were covered dur-
ing the science validation observing campaign, including
the small field surveys. Each DP2 tract covers approx-
imately 2.8 deg?, and contains 10 x10 patches, both
the same as for the DP1 skymap. Tracts are defined to
have equal area, and so the amount by which neighbor-
ing tracts overlap varies with decl., with tracts near the
celestial poles overlapping more than those near the ce-
lestial equator. The minimum area of overlap between
tracts is 1/0. Within a tract, the area of overlap between
neighboring patches is a constant 60”0. As a result, each
patch covers an area of 0.034 deg?, which is larger than
the tract area divided by the number of patches in a
tract. Excluding the overlap region, the area covered
uniquely by a single patch is 0.028 deg?.

Although the tract and patch configuration is un-
changed between DP1 and DP2, the two skymaps differ
at the cell level for Deep Coadds. Patches are further
subdivided into cells for the sole purpose of enabling the
construction of cell-based coadds with a continuous PSF
(§3.1.3). Unlike patches, cells are not exposed to the
user, and one cannot specify nor retrieve an individual
“cell” from an image. Instead, cells are used during the
construction of what re termed cell-based coadds (refs).
A region of an input image is included in a given cell
if, and only if, it covers the entire cell. This guaran-
tees that every pixel within a cell is built from exactly
the same set of input images, so the PSF is well-defined
and effectively constant across the cell, with disconti-
nuities confined to the cell boundaries. Such cell-based
coaddition was not implemented during the production
of DP1, and was only used to produce the Deep Coadds
in DP2. Template Coadds in DP2 do not utilize cells.
In the case of DP2 Deep Coadds, there are 22 x22 cells
per patch, including the patch overlap region (the patch
overlap region is 1 cell wide). There is no overlap be-
tween neighboring cells.

3.1. Science Images

Science images are images taken with the intent of
scientific analysis of astronomical objects, as opposed to
calibration images (e.g., bias, darks, flats) or engineering
images, which serve to calibrate or test the instrument
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Table 1. Summary of dataset types released in EDP2, together with the names by which they are referred to within the

QServ database and the Data Butler.

Dataset Type QServe Name

Butler Name

Deep Coadd -
Object dp2.0bject

Isolated Star Stellar Motions dp2.IsolatedStarStellarMotions

Object Shear dp2.ShearObject
Source dp2.Source

Forced Source dp2.ForcedSource

Forced Source at DIA Object dp2.ForcedSourceOnDiaObject

DIA Object dp2.DiaObject
DIA Source dp2.DiaSource
Solar System Object dp2.SSObject

MPCORB dp2.mpc__orbits

Calibration Reference Catalog -

Survey Property Maps -

HiPS Maps -
Skymap -
Standard Passbands -

Object Scarlet Models -

Deep Coadd Input Summary -

Visit dp2.Visit
Visit Detector dp2.VisitDetector

Visit Summary -

deep_coadd
object
isolated_star_stellar_motions
object_shear_all
source
object_forced_source
dia_object_forced_source
dia_object
dia_source
ss_object
the_monster_20250219
deepCoadd_<PROPERTY>_consolidated_map_<STATISTIC>
skyMap
standard_passband
object_scarlet_models
deep_coadd_input_summary
visit_table
visit_detector_table

visit_summary

and telescope regardless of whether they happen to be
pointed at the night sky. DP2 provides all images in the
acquisition and processing chain, from the raw, unpro-
cessed science and calibration images through to fully
calibrated visit images, coadds, and template images.
Most science analyses will start from the Deep Coadd
images and the single-epoch Visit images. While it is
possible for users to recreate their own Processed Visit
Images (PVIs) from the raw and calibration data, we do
not expect anyone will need to do so.” One important
difference between DP1 and DP2 is the format of the
Science Images (Bosch 2026). In the case of DP2, the
format of the datasets are such that they are more com-
patible with external packages, in particular Astropy. It
is, however, straightforward to convert back to “legacy”
DP1-style datasets for backwards-compatability.

3.1.1. Raw Images

Note: Raw Images are NOT included in EDP2,
but we describe them here as it provides useful
context for the dataset types that are included in
EDP2. Raw images will be included in DP2; the

number of raw images in DP2 will be provided
at that time.

Raw Images are those that are produced by the cam-
era following an exposure. They are the initial input
science images to the pipelines and have not undergone
any processing. Each active detector in LSSTCam (§77)
produces one Raw Image per exposure. Each exposure
therefore results in up to 180 Raw Images, although
some exposures taken during the observing campaign
resulted in fewer than 180 Raw Images due to the prob-
lematic detectors described in §2 and occasional readout
failures.

All LSSTCam detectors have 16 amplifier segments,
arranged in two rows of eight, each reading out its own
~ 1 megapixel region in parallel to enable the fast (~ 2
second) full focal-plane readout (§?7?). These sections
are evident in the Raw Images. Despite LSSTCam con-
taining detectors from two different vendors, all Raw
Images have the same dimensions: 4608 x 4096 pixels.
However, the two types of detectors have slightly differ-
ent numbers of overscan and pre-scan pixels, meaning
the number of exposed pixels differs between detector



type. This difference is reflected in the dimensions of
the Visit Images (§3.1.2), which have had the prescan
and overscan regions removed during data processing.

3.1.2. Visit Images

Note: Visit Images are NOT included in EDP2,
but we describe them here as it provides useful
context for the dataset types that are included in
EDP2. Visit Images will be included in DP2; the
number of Visit Images in DP2 will be provided
at that time.

Visit Images are the first scientifically useful images
to be produced by the science processing pipeline. They
are the result of removing instrument signatures from
the raw input images, followed by multiple rounds of
background subtraction and photometric and astromet-
ric calibration (see §4). There is one Visit Image for
every raw input image that successfully passed through
the first stage of the science processing pipelines. As
such, there are up to 180 Visit Images for each of the
exposures taken during the observing campaign.

During instrument signature removal (ISR), the sci-
ence processing pipeline removes the overscan regions
from the input raw images. The Visit Images there-
fore only contain the pixels that were exposed during
the observation: 4072 x4000 pixels in the case of the
ITL detectors, and 4096 x4004 pixels in the case of the
e2v detectors. Unlike raw images, Visit Images consist
of three image planes: a science image plane, a vari-
ance plane, and a mask plane. The science image is
the processed exposed image, whereas the variance im-
age persists the uncertainty associated with the value of
the corresponding pixel in the science image. The mask
image indicates pixels that are flagged for various differ-
ent reasons, such as saturated pixels, pixels associated
with detected sources, bad pixels, etc. All three images
contain the same number of pixels in each dimension.

3.1.3. Coadds

Note: Template Coadds are NOT included in
EDP2. They will be included in DP2.

Once produced, individual Visit Images covering the
same patch of sky (as defined by the skymap) in the
same band are coadded to form coadd images. Two dif-
ferent types of coadd images are included in DP2: Deep
Coadds and Template Coadds, both of which are de-
scribed in the following subsections. The production of
each type of coadd image follows broadly the same pro-
cess, which is described in detail in §?7 but, to summa-
rize, it involves the selection of Visit Images (in terms of
patch coverage and band, and image quality), the warp-
ing of those Visit Images onto a common pixel grid, and

the coaddition of those warped images. The main dif-
ference that distinguishes each type of coadd are the
selection of the Visit Images. As a result, the structure
of the datasets is the same for each type: each coadd
contains three planes corresponding to the science im-
age plane (i.e., the coadd), the variance plane, and the
mask plane, with all three containing the same number
of pixels in each dimension. Up to two different back-
ground models are included in the coadd datasets: the
background that was subtracted to create the final coadd
and, in the case of the gri band Deep Coadds, a back-
ground that can be added-back to create “Visualization
Coadds” which, while not recommended for science, can
be useful for visualization. Each coadd also contains a
position-dependent PSF model, WCS information, plus
various other metadata.

The same skymap was used for each type of coadd
in DP2, meaning they all cover the same on-sky area,
including some overlap with their neighbouring coadds
(see the introduction to this section). A single coadd,
irrespective of type, contains 3300 x3300 equal-sized
square pixels, including overlap; each pixel is 072 on
each side. There are up to six coadds of each type per
patch - one for each of the six LSSTCam bands. While
the sky coverage of coadds is similar between types and
bands, they are not exactly the same due to the differ-
ent Visit Image selection functions for each type, and
differences in sky coverages in each band.

The number of Visit Images that contribute to a coadd
varies across the patch. This is true even if a patch is
fully covered by all the visits that targeted that area be-
cause of the presence of chip gaps between neighbouring
detectors. The Survey Property maps (see §3.3.1) can
be consulted to gain an insight into the total exposure
time, and thus the number of contributing Visit Im-
ages, at any point within a coadd. Since each coadd
image always covers an entire patch, it is not uncom-
mon for regions of a coadd image to have zero Visit
Image coverage. This is especially the case on the edges
of an observed field. Such regions of a coadd may con-
tain seemingly valid values (i.e., not necessarily zeros or
NaNs), but will instead be indicated by the NO_DATA flag
in the mask image plane. It is therefore crucial that the
mask image plane is consulted when analysing any type
of coadd.

Deep Coadds—As the name suggests, Deep Coadds go
down to the faintest magnitudes of the three types of
coadd. Two basic selection criteria were used to select
visits for inclusion in Deep Coadds. The first criterion
is seeing-based and selects visits with a mean (over all
detectors) PSF FWHM<1”7. The second criterion is
depth-based and uses the concept of “effective exposure
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time”, which is the exposure time that would be needed
under nominal conditions to achieve the same signal-
to-noise as the visit in question (Bernstein et al. 2016).
Our specific selection uses the transparency component
of effective exposure time, and selects visits in which
the whole-system transparency was such that the trans-
parency component of the effective exposure time was
> 0.75 times the actual exposure time (corresponding to
~ 0.16 mag of extinction relative to nominal conditions).
Following the selection of visits, a second round of selec-
tion is applied at the detector (i.e., Visit Image) level.
These per-detector selection criteria are summarised in
Table 2. Together, these selections aim to maximise
the depth of the coadd while still ensuring good image
quality. As highlighted at the start of this subsection,
a key difference between the Deep Coadds released in
DP2 versus those released in DP1 is that the DP2 Deep
Coadds are cell-based whereas the DP1 Deep Coadds
were not.

There are a total of 925460 Deep Coadds in DP2.

3.2. Catalogs

Catalogs contain data for detections in the images de-
scribed in §3.1, except the Calibration catalog, which
contains reference data obtained from previous surveys.
Observatory-produced metadata tables are described in
§3.5. Rubin adopts a naming convention in which the
term “object” refers to an astrophysical object, whereas
the term “source” refers to a single-epoch detection of
that object. As such, sources are associated with de-
tections in single-epoch Visit Images and Difference Im-
ages, whereas objects are associated with detections in
multiepoch coadds. Photometric quantities in catalogs
are stored as fluxes rather than magnitudes, with fluxes
measured in nanojanskies (1 nJy = 1073 Wm™2Hz !
). Fluxes are preferred for multiepoch observations, as
they can be averaged across epochs, unlike magnitudes.
Additionally, flux measurements on difference images
(§3.1) are computed against a template, representing
a flux difference. Additionally, flux measurements on
difference images (§3.1) are computed relative to a tem-
plate and can therefore be negative, particularly for faint
sources in the presence of noise.

The catalogs described below each vary in terms of
their specific columns but most contain: one or more
unique identification numbers, positional information,
multiple types of flux measurements (e.g., aperture
fluxes, PSF fluxes, Gaussian fluxes, etc.), and a series of
Boolean flags indicating characteristics such as satura-
tion or cosmic-ray contamination for each source or ob-
ject. The solar system catalogs SSObject and SSSource

deviate from this general structure in that they instead
contain orbital parameters for all known asteroids.

Where applicable, quantities are prefixed with the
band in which they were measured, and all measured
properties are reported with their associated 1o uncer-
tainties. For example, g_ra and g_raErr in the Object
catalog refer to R.A. and its uncertainty, measured in
the g band. Fluxes for various apertures are provided
together with an uncertainty and a flag, and named in
the format [band_lap[size]Flux, where [size] is the
aperture diameter in pixels, and [band_] is used where
applicable (e.g., in the object catalog, but not in the
source catalog; see §3.2.4 and §3.2.1). For example, g_-
ap03Flux, g_ap03FluxErr, g_ap03Flux_flag provide
the flux, uncertainty and a flag measured within a 3.0
pixel aperture in the g band. Similarly for flux measure-
ments using difference algorithms, e.g. g_psfFlux pro-
vides the flux derived using the PSF model as a weight
function, forced on ¢ band.

All of the catalog types that were released as part of
DP1 have been retained in DP2, although in some cases
additional columns have been added for DP2; we high-
light prominent additional columns in the subsections
below. There are also a number of additional catalogs
in DP2 that do not have DP1 equivalents. Through-
out this section, we provide high-level overviews of the
contents of each catalog, rather than listing and de-
scribing each column. Instead, full searchable catalogue
schemas, including column descriptions, are provided at
https://sdm-schemas.lsst.io/.

All catalogs except the Calibration Reference Catalog
are stored in the Qserv database (§6.5.1) and accessible
via TAP, with an online DP2 catalog schema available
at https://sdm-schemas.Isst.io/dp2.html. Catalog data
are also accessible via the Data Butler (see §6.2.2).

3.2.1. Object

The Object catalog contains data on all objects de-
tected with a greater than 50 significance in the Deep
Coadds. With coadd images produced on a per-band
basis, a > 50 detection in one or more of the bands will
result in an object being included in the Object catalog.
For cases where an object is detected at > 5o in more
than one band, a crossmatching has been performed be-
tween bands to associate an object in one band with its
counterpart(s) in the other bands. As such, each entry
in the Object catalog associates objects across multiple
bands. The objects reported in the Object catalog have
also undergone deblending; in the case of blended detec-
tions, only the deblended child objects are included in
the catalog. As with the Source catalog, the criterion
for inclusion in the Object catalog is a > 50 detection in


https://sdm-schemas.lsst.io/
https://sdm-schemas.lsst.io/dp2.html

Table 2. Per-detector PSF-quality selection cuts for inclusion in Deep Coadd images.

Parameter

Description

Numerical cut

PSF FWHM

Same FWHM calculation as the visit-level cut, evaluated < 1.8 arcsec

per detector rather than averaged over the visit.

Median ellipticity residual

Median of \/e? 4 €3 between the PSF model and mea- < 0.19
sured star shapes.®

psfStarScaledDeltaSizeScatter Robust scatter of PSF size residuals, scaled by the median < 0.07

PSF size.
psfTraceRadiusDelta

Max—min of the PSF trace radius evaluated on a grid < 4.4 pixels

across the unmasked detector pixels.

psfApFluxDelta

Max—min of the model PSF aperture flux (normalized) < 1.6

across the unmasked detector.

psfApCorrSigmaScaledDelta

Max—min of the PSF aperture correction across the de- < 0.15

tector, scaled by psfSigma.

starEMedian
starUnNormalizedEMedian

nPsfStar

Median star ellipticity, 1/e2 + €2.%

Same, computed from unnormalized second moments.” < 2.3 (all bands)

< 0.2 (all bands)

Number of PSF-candidate stars available on the detec- > 6 per band

tor; below this the PSF model is not considered well-

constrained.

ber = (Iow — Iyy)/(Tow + Iyy), €2 = 21y /(Iuw + Iyy), where Iy, Iy, Iy are the adaptive second moments of the

PSF /star.

b Unnormalized equivalent: /(I — Iyy)? + (21.y)?, i.e. without dividing by Ine + Iyy.

one of the Deep Coadds prior to deblending, yet the posi-
tions and fluxes of objects are reported postdeblending.
Hence, it is possible for the Object catalog to contain
objects whose flux-to-error ratios are less than five in all
bands.

In addition to the general information mentioned
above (i.e., IDs, positions, fluxes, and flags), the Ob-
ject catalog also includes basic shape and extended-
ness information. While they may be included in future
Data Releases, no photometric redshifts, Petrosian mag-
nitudes (Petrosian 1976), proper motions or periodicity
information are included in the DP2 object catalogs.

The Object catalog contains data for 790 million ob-
jects in DP2.

3.2.2. Isolated Star Stellar Motions

The Isolated Star Stellar Motions catalog contains the
proper motions and parallaxes of isolated stars. Rubin
uses a specific definition for an isolated star. Candidate
isolated stars must be point-like (i.e., unresolved) detec-
tions with a signal-to-noise ratio of between 8 and 1000,
and must not be flagged as blended. All such candi-
dates within a given tract are spatially matched using a
1”matching radius across all visits and bands covering
said tract. Should the average position of a candidate
have no other candidate within 2”, then it is considered
to be an isolated star.

The Isolated Star Stellar Motions catalog pro-
vides a best-fit position (ra, dec), proper motion in
masyr~! (raPM, decPM), and parallax in mas at a ref-
erence epoch; the raPM parameter already includes the
cos(decl.) factor. The reference epoch in MJD is in-
cluded as a column (epoch) in the catalog. An isolated
star’s proper motion and parallax are calculated by fit-
ting its position across all per-visit detections, plus any
detection in our calibration reference catalog (§3.2.11)
that is matched to within 0//1 of the star’s average po-
sition. The catalog also contains 1o uncertainties for
each each of the five aforementioned positional param-
eters (ﬁve columns: raErr, decErr, raPMErr, decP-
MErr, parallaxErr), plus a further ten columns con-
taining off-diagonal covariance parameters (x_ x _Cov,
e.g, ra_raPM_Cov, raPM_parallax_Cov).

All isolated stars have an entry in the Isolated Star
Stellar Motion catalog, although no attempt is made to
fit the time-varying positions of stars that are detected
in fewer than 3 epochs and which do not have a matched
counterpart in the reference catalog. In such cases the
positional information, including uncertainties, are re-
ported as NaN. Every entry in the Isolated Star Stellar
Motion catalog has a unique identification number and,
in cases where a match to the reference catalog has been
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identified, the unique identification of the matched ref-
erence source.

The Isolated Star Stellar Motions catalog contains 320
million entries.

3.2.3. Object Shear

The Object Shear catalog contains object shape mea-
surements in five different shear steps or “counterfac-
tual” images: one in which no shear (ns) has been ap-
plied, and four in which an artificial linear shear has
been introduced to the image (1p, 1m, 2p, 2m). The
artificial shears are in four different directions: 1p is
along the image x-direction, 1m is along the y-direction,
2p is along the 45 degree diagonal, 2m is along the 135
degree diagonal.

Two measurement algorithms (gauss and pgauss) are
run on each of the five different counterfactuals, one for
measuring shapes and the other for fluxes. The first ap-
proach is to fit a single 2D gaussian jointly across the
r-, i-, and z-band deep coadd images, with the ellipticity
components in the image x-y (gauss_g1) and diagonal
(gauss_g?2) directions reported in the catalog. The sec-
ond approach measures 2D gaussian-weighted moments
on single band (r, 4, z) images separately, calculates the
weighted sum of the raw moments across those three
bands (weighted by inverse-variance), then reports the
ellipticity components of that weighted sum in the image
x-y (pgauss_g1) and diagonal (pgauss_g2) directions.
There is one row per object detected in each counterfac-
tual, meaning a given object could result in up to five
rows, depending on how many of the counterfactuals it
is detected in at a significance of > 55.%°

In addition to the gaussian shape measurements and
their auto-covariances, the Object Shear table also con-
tains object positional information, fluxes measured
from the gaussian fits (r, i and z bands) and gaus-
sian moments (g, 7, ¢ and z bands), PSF shapes re-
ported in the same x-y and diagonal directions as ob-
jects, a range of different flags. Each entry in the Ob-
ject Shear catalog also has a unique identification num-
ber (shearObjectId), that uniquely identifies a given
detection in a given counterfactual. The Object Shear
catalog contains 2.5 billion rows.

3.2.4. Source

The Source catalog contains the measured properties
of all sources that are, prior to deblending, detected at
a > bo significance in each of the Visit Images (§3.1.2).
The detections in the Source catalog have all undergone

25 Tt is feasible for a marginal 50 object in one counterfactual to be
just below the 50 detection threshold in another counterfactual.

deblending; in the case of blended sources, only the post-
deblended sources are included in the Source catalog. It
is therefore possible for the Source catalog to contain en-
tries in which none of the different types of photometric
measurements (e.g., aperture, PSF, gaussian) have flux-
to-error ratios greater than five.

Each entry in the source catalog has a unique identifi-
cation number (sourceld), positional information, var-
ious photometric measurements (aperture, PSF, gaus-
sian), shape and extendedness information, and a series
of flags. Because each entry in the source catalog is
derived from a detection in a single epoch observation
taken with a single filter, each entry also has an associ-
ated band.

The Source catalog contains data for 18 billion sources
in DP2.

3.2.5. Forced Source

The Forced Source catalog contains forced PSF pho-
tometry measurements performed on both Difference
Images (i.e., the psfDiffFlux column) and Visit Im-
ages (i.e., the psfFlux column) at the positions of all
the objects in the Object catalog, to allow assessment of
the time variability of the fluxes. We recommend using
the psfDiffFlux column when generating light curves
because this quantity is less sensitive to flux from neigh-
boring sources than psfFlux. In addition to forced pho-
tometry PSF fluxes, a number of Boolean flags are also
included in the Forced Source catalog.

The Forced Source catalog contains a total of 45 billion
entries across the 790 million unique objects.

3.2.6. Forced Source at DIA Object

The Forced Source at DIA Object catalog is equiva-
lent to the Forced Source catalog, but contains forced
photometry measurements obtained at the positions of
all the DIA objects in the DIA Object catalog.

The Forced Source at DIA Object catalog contains a
total of 24 billion entries across the 230 million unique
DIA objects.

3.2.7. DIA Object

The DIA Object catalog contains the astrophysical ob-
jects that DIA sources are associated with (i.e., the DIA
objects). The DIA Object catalog contains only non-
solar-system objects; solar system objects are, instead,
recorded in the Solar System Object catalog (§3.2.9).
When a DIA source is identified, the DIA Object and
Solar System Object catalogs are searched for objects
to associate it with. If no association is found, a new
DIA object is created and the DIA source is associated
to it. Along similar lines, an attempt has been made to
associate DIA objects across multiple bands, meaning
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the DIA Object catalog, like the Object catalog, associ-
ated DIA objects across multiple bands. By the nature
of their detection, DIA objects are typically transient
or variable. Therefore, the DIA Object catalog contains
summary statistics of their fluxes, such as the mean and
standard deviation over multiple epochs; users must re-
fer to the Forced Source at DIA Object catalog (§3.2.6)
or the DIA Source catalog for single-epoch flux measure-
ments of DIA objects.

The DIA Object catalog contains data for 230 million
DIA objects.

3.2.8. DIA Source

The DIA Source catalog contains data on all the
sources detected at > 5o significance, including those
associated with known solar system objects, in the dif-
ference images. Unlike sources detected in visit im-
ages, DIA sources detected in difference images have
gone through an association step in which an attempt
has been made to associate them into underlying ob-
jects called DIA objects. The DIA Source catalog con-
solidates all this information across multiple visits and
bands. The detections reported in the DIA Source cat-
alog have not undergone deblending.

The DIA Source catalog contains data for 1 billion
DIA sources.

3.2.9. Solar System Object

The Solar System Object catalog and the MPC Or-
bit Database (MPCORB) carry information about solar
system objects. The MPCORB table provides the MPC-
computed orbital elements for all known asteroids, in-
cluding those that Rubin discovered.

The Solar System Object catalog serves primarily to
provide the mapping between the IAU designation of an
object (listed in MPCORB), and the internal ssObjec-
tId identifier, which is used as a key to find solar system
object observations in the DIA Source and Solar System
Source catalogs. The Solar System Object catalog con-
tains data for 0.3 million solar system objects.

3.2.10. Solar System Source

The Solar System Source catalog contains data on all
DIA sources that are either associated with previously
known solar system objects, or have been confirmed as
newly discovered solar system objects by confirmation of
their orbital properties. As entries in the Solar System
Source catalog stem from the DIA Source catalog, they
have all been detected at > 5o significance in at least
one band. The Solar System Source catalog contains
data for 8.1 million solar system sources.

3.2.11. Calibration Reference Catalog

The Calibration Reference Catalog is used to per-
form astrometric and photometric calibration. It is a
whole-sky catalog built specifically for LSST by com-
bining data from multiple prior reference catalogs, since
no single existing catalog had both the depth and cov-
erage needed to calibrate LSST data. It contains only
stellar sources. Full details on how the Calibration Ref-
erence Catalog was built are provided in (Ferguson et al.
2025).26 We provide a brief summary here.

For the grizy bands, the input catalogs were (in or-
der of decreasing priority): Dark Energy Survey (DES)
Year 6 Calibration Stars (Rykoff et al. 2023); Gaia B or
R Photometry (Gaia) (XP) synthetic magnitudes (Gaia
Collaboration et al. 2023); the Panoramic Survey Tele-
scope and Rapid Response System (Pan-STARRS) 3PI
survey (Chambers et al. 2016); Data Release 2 of the
Skymapper survey (Onken et al. 2019); and Data Re-
lease 4 of the VLT Survey Telescope (VST) Asteroid
Terrestrial-impact Last Alert System (ATLAS) survey
(Shanks et al. 2015). For the u band, the input catalogs
were (in order of decreasing priority): standard stars
from Sloan Digital Sky Survey (SDSS) Data Release 16
(Ahumada et al. 2020); Gaia XP Synthetic Magnitudes
(Gaia Collaboration et al. 2023); and synthetic magni-
tudes generated using Single Lens Reflex (SLR), which
estimates the u-band flux from the g-band flux and g -
r colors. These SLR estimates were used to boost the
number of w-band reference sources, as otherwise the
source density from the u-band input catalogs is too low
to be useful for the LSST.

Throughout, the Calibration Reference Catalog uses
the DES bandpasses for the grizy bands and the SDSS
bandpass for the u-band; color transformations derived
from high-quality sources were used to convert fluxes
from the various input catalogs (some of which did
not use the DES or SDSS bandpasses) to the respec-
tive bandpasses. All sources from the input catalogs
are matched to Gaia Data Release 3 (DR3) sources for
robust astrometric information, selecting only isolated
sources (i.e., no neighbors within 1”).

After collating the input catalogs and transforming
the fluxes to the standard DES and SDSS bandpasses,
the catalog was used to identify sources within a spe-
cific region of the sky. This process generated a set of
standard columns containing positional and flux infor-
mation, along with their associated uncertainties.

26 In (Ferguson et al. 2025), the calibration reference catalog is
referred to as “The Monster”.
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3.3. Maps
3.3.1. Survey Property Maps

Survey Property maps summarize how properties such
as observing conditions or exposure time vary across
the observed sky. Each map provides the spatial dis-
tribution of a specific quantity at a defined sky posi-
tion for each band by aggregating information from the
images used to make the Deep Coadds. Maps are ini-
tially created per tract and then combined to produce
a final consolidated map. At each sky location, repre-
sented by a spatial pixel in the Hierarchical Equal-Area
iso-Latitude Pixelisation (HEALPix)(Gorski et al. 2005)
grid, values are derived using statistical operations, such
as minimum, maximum, mean, weighted mean, or sum,
depending on the property.

DP2 contains forteen Survey Property maps. The
available maps describe total exposure times, observa-
tion epochs (one each for the earliest, mean, and latest
observation epoch), Point Spread Function (PSF) size
and shape (one for each of the e! and e? shape param-
eters; see §77), PSF magnitude limits, sky background
and noise levels, as well as astrometric shifts (one each
for R.A. and decl.) and PSF distortions (one for each
of the e! and e? shape parameters) due to wavelength-
dependent atmospheric Differential Chromatic Refrac-
tion (DCR) effects.

They all use the dataset type format deepCoadd_-
<PROPERTY>_consolidated_map_<STATISTIC>. For
example, deepCoadd_exposure_time_consolidated_-
map_sum provides a spatial map of the total exposure
time accumulated per sky position in units of seconds.
All maps are stored in HealSparse?’ format. Survey
Property maps are only available via the Data Butler
(§6.2.2).

3.3.2. HiPS Maps

Hierarchical Progressive Survey (IVOA standard)
(HiPS) maps, offer an interactive way to explore seam-
less, multiband tiles of the sky regions covered by DP2,
allowing for smooth panning and zooming. DP2 pro-
vides multiband HiPS images created by combining data
from individual bands of Deep Coadd images, using an
improved version (N. B. Lust et al. in preparation) of
the algorithm presented in (Lupton et al. 2004). These
images are false-color representations generated using
various filter combinations for the red, green, and blue
channels.

27 A sparse HEALPix representation that efficiently encodes data
values on the celestial sphere. https://healsparse.readthedocs.
io

HiPS maps are only accessible through the HiPS
viewer in the RSP Portal (§6.3) and cannot be accessed
via the Data Butler (§6.2.2).

3.4. Ancillary Data Products

In addition to the science images and catalog data
products described above, there are a number of ancil-
lary data products included in DP2. While not science-
level data products per se, their inclusion in DP2 will
help to facilitate science.

3.4.1. Skymap

The DP2 skymap, 1sst_cells_v2, is also included as
a data product in DP2. The skymap data product can
be used, for example, to identify the tract and patch
that contains a given sky coordinate, or obtain the co-
ordinates of the corners of a tract or patch.

A description of the 1sst_cells_v2, in terms of the
numbers and sizes of its tracts and patches, is given at
the start of this section.

3.4.2. Standard Passbands

The corresponding transmission curves are provided
as a DP2 data product. These datasets tabulate the
full-system transmission of the six LSSTCam filters as a
function of wavelength and were used as a reference for
the LSSTCam DP2 photometry. The standard_pass-
band dataset is keyed by band and is stored in Astropy
table format.

3.4.3. Object Scarlet Models

The Object Scarlet Models dataset stores the scar-
let models fit to each deblended detection in the Deep
Coadd images. Each model captures an object’s spa-
tial profile (morphology) together with its per-band flux
values, as assigned by the deblender when separating it
from its blended neighbours. When combined with the
corresponding Object catalog and Deep Coadd image,
this dataset enables the reconstruction of the deblend
model to see how a specific detection was deblended.
There is one Object Scarlet Models dataset per patch
that has coverage in DP2, and they are only available
via the Data Butler.

3.4.4. Deep Coadd Input Summary

The Deep Coadd Input Summary table contains the
visit and detector IDs of all the Visit Images that were
selected and coadded to produce a given Deep Coadd im-
age. Also included in the table are the relative weight
of each Visit Image, inversely proportional to its vari-
ance, and the number of pixels it contributed to the
Deep Coadd, since a given Visit Image may only par-
tially cover a patch. There is one Deep Coadd Input
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Summary per tract that has coverage in DP2, and they
are only available via the Data Butler.

3.5. Metadata
3.5.1. Visit

The Visit catalog contains technical data for each
visit collected at the time of observation, such as tele-
scope pointing, camera rotation, airmass, exposure start
and end time, and total exposure time. Some of the
information contained within the Visit catalog is also
contained in the Visit Detector catalog described below
(e.g., exposure time), although the latter also includes
information produced by the processing pipelines at the
per-detector level, such as the PSF size and limiting
magnitudes of a given Visit Image.

The Visit catalog contains 28698 entries.

3.5.2. Visit Detector

The Visit Detector catalog contains summary infor-
mation for all Visit Images in DP2. In addition to tech-
nical information, such as the on-sky coordinates of the
central pixel and measured pixel scale, the Visit Detec-
tor catalog contains a range of data quality measure-
ments, such as whole-image summary statistics for the
PSF size, zero-point and 50 depth, sky background, sky
noise, and the quality of astrometric solution. It pro-
vides an efficient method to access the properties of a
Visit Image without needing to access the image data.
When combined with the data contained in the Visit
table described above, it provides a full picture of the
telescope pointing and sky conditions at the time of ob-
servation.

The Visit Detector catalog contains 5.2 million entries.

3.5.3.  Visit Summary

The Visit Summary table contains the same informa-
tion as the Visit Detector catalog, but only for a single
visit. There is one Visit Summary table per visit (mean-
ing the Visit Detector table is the collation of all the
Visit Summary tables), and they are only available via
the Data Butler.

4. DATA RELEASE PROCESSING

5. PERFORMANCE CHARACTERIZATION AND
KNOWN ISSUES

Look at the science requirements document. ls.st/srd,
ls.st/Isr, 1s.st/oss, 1s.st/dmsr.

6. RUBIN SCIENCE PLATFORM

The RSP (Juri¢ et al. 2019) is a powerful, cloud-based
environment for scientific research and analysis of peta-
scale astronomical survey data and serves as the pri-
mary interface for scientists to access, visualize, and

conduct next-to-the-data analysis of Rubin and LSST
data. Built around a “bring the compute to the data”
principle, it eliminates the need for users to download
massive datasets, instead providing Rubin data rights
holders with secure, single-sign-on access to data and
services via three distinct user-facing Aspects: a Portal,
which facilitate interactive exploration of the data; a
JupyterLab-based Notebook environment for data anal-
ysis using Python; and an extensive set of APIs that
enable programmatic access to both data and services.

The three Aspects are designed to be fully integrated,
enabling seamless workflows across the RSP. The RSP
is supported by a number of backend services, includ-
ing databases, files, and batch computing. Support for
collaborative work through shared workspaces is also in-
cluded in the RSP. The data products described in §3
are accessible via all three Aspects, and the system facil-
itates operations such as starting a query in one Aspect
and retrieving its results in another. Figure 1 shows the
RSP landing page in the Google cloud.

VERA C.RUBIN Portal Notebooks APIs Documentation Support Community Login

i gﬂ)m Science Platform

B Portal § Notebooks APIs

Learn how to programatically access data
with Virtual Observatory interfaces

Discover data in the browser Process and analyze LSST data with

Jupyter notebooks in the cloud

\ AL

Learn more about the portal. Learn more about notebooks,

Figure 1. The RSP landing page at https://data.lsst.cloud/
showing the three user-facing Aspects as well as links to doc-
umentation and support information.

A preview of the RSP was first launched on Google
Cloud in 2022, operating under a shared-risk model
to support DP0 (O’Mullane et al. 2024b). DP1 built
on that early preview to bring major upgrades includ-
ing the hybrid on-premises USDF /cloud deployment, a
broader set of International Virtual Observatory Al-
liance (IVOA) API services (SIAv2, SODA cutouts,
HiPS, WebDAV, alongside the existing Table Access
Protocol (IVOA standard) (TAP)), and a fully inte-
grated, read-only Data Butler (S3 store + AlloyDB reg-
istry) across all three RSP Aspects.

The size (3.5 TB) and complexity of DP1 did not, on
their own, necessitate the full functionality of the RSP
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for analysis; a traditional “download the data” model
would still have sufficed. However, it was important to
provide users the same experience and interfaces they
will rely on for later, larger releases, and to get them
started in this new paradigm on a small, manageable
dataset. DP2, by contrast, marks a new regime, with
its size of 59.15 TB outside the range of the traditional
download model. The experience users gained work-
ing with DP1 through the RSP interfaces can now be
applied directly to DP2. The release of DP2 builds
on this evolving platform to bring additional upgrades
and new functionality, including expanded user query-
history and query-status capabilities, context-aware in-
application documentation (e.g., contextual help linked
directly from Portal table columns), and support for the
ADQL spatial INTERSECTS() operation.

The RSP remains under active development, with in-
cremental improvements being rolled out as they ma-
ture. During the Rubin Early Science Phase, the RSP
will continue to operate under a shared-risk model. This
section outlines the RSP functionality available at the
time of the DP2 release and provides an overview of
planned future capabilities.

6.1. Rubin US Data Access Center

The Rubin US DAC utilizes a novel hybrid architec-
ture that combines on-premises infrastructure at the
USDF at SLAC with flexible, scalable resources in the
Google cloud (O’Mullane et al. 2024a). User-facing ser-
vices are deployed in the cloud to support dynamic scal-
ing in response to user demand and to simplify the pro-
visioning and management of large numbers of science
user accounts, whereas the majority of the static data
products described in §3 are stored on premises at the
USDF, benefiting from cost-effective mass storage and
close integration with Rubin’s data processing infras-
tructure, also located at the USDF. For all imaging data
except coadds, the Data Butler (§6.2.2) provides the in-
terface between cloud-based users and the on-premises
data; for catalog data, a cloud-based TAP client (§6.2.1)
submits queries to the on-premises Qserv database clus-
ter (§6.5) and retrieves the results. Deep Coadd images
are the exception to this hybrid model: because there
is one coadd per sky region per band, a relatively small
and size-bounded dataset, they are hosted directly in
Google Cloud to benefit from cloud-native access.

DP2 is being delivered in two phases because full end-
to-end integration of the hybrid RSP for images was
not yet complete by the time data processing (§??) fin-
ished; the hybrid model supporting Qserv (§?7?) cata-
log access over TAP, by contrast, is already in produc-
tion for EDP2. Rubin therefore adopted a phased re-

lease, given that neither coadds nor catalogs depend on
the image-side hybrid RSP integration readiness. Early
DP2 (EDP2), comprising the deep coadd images and all
catalogs, was released on 2026-07-27, while the full DP2
release, adding the visit-level data products once hybrid
image integration is demonstrated, is expected in the
Oct—Dec 2026 range.

6.2. Application Programming Interface Aspect

The Application Programming Interface (API) Aspect
provides a comprehensive set of user-facing interfaces for
programmatic access to the DP1 data products, through
both IVOA-compliant services and the Rubin Data But-
ler. IVOA services enable standard queries and integra-
tion with existing tools, while the Butler facilitates ad-
vanced data processing with the LSST Science Pipelines.

Since the DP1 release, additional services have been
added as the RSP moves toward full functionality, but
some planned services remain unavailable, and certain
data products are only accessible via the Butler. This
section provides an overview of the available IVOA ser-
vices and Butler access.

6.2.1. IVOA Services

Rubin has adopted a Virtual Observatory (VO)-first
design philosophy, prioritizing compliance with IVOA
standard interfaces to foster interoperability, standard-
ization, and collaboration. In cases where standardized
protocols have yet to be established, additional services
have been introduced to complement these efforts. This
approach ensures that the RSP can be seamlessly in-
tegrated with community-standard tools such as Tool
for OPerations on Catalogues And Tables (TOPCAT)
(Taylor 2011) and Aladin (Bonnarel et al. 2000; Boch &
Fernique 2014; Baumann et al. 2022), as well as libraries
such as PyVO (Graham et al. 2014).

The user-facing APIs are also used internally within
the RSP, creating a unified design that ensures consis-
tent and reproducible workflows across all three Aspects.
This reduces code duplication, simplifies maintenance,
and ensures all users, both internal and external, access
data in the same way. For example, an Astronomical
Data Query Language (IVOA standard) (ADQL) query
on the Object catalog via TAP yields identical results
whether run from the Portal, Notebook, or an external
client.

Since the DP1 release, the RSP has continued to
progress towards a full-featured platform, with a num-
ber of new services and capabilities added in support of
DP2. The following IVOA services are available at the
time of the DP2 release.
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o TAP service: A TAP service (Dowler et al. 2019)
enables queries of catalog data via the IVOA-
standard ADQL, a dialect of SQL92 with spherical
geometry extensions. The main TAP service for
DP2 runs on the Rubin-developed Qserv database
(§ 6.5), which hosts the core science tables de-
scribed in §77, as well as the Visit database. It
also provides image metadata in the IVOA Ob-
sCore format via the standard ivoa.0ObsCore ta-
ble, making it an “ObsTAP” service (Louys et al.
2017). The TAP service is based on the Canadian
Astronomy Data Centre (CADC)’s open-source
Java TAP implementation®®, modified for the ex-
act query language accepted by Qserv. Since DP1,
ADQL support has been expanded to include the
spatial INTERSECTS() operation, and temporary-
table uploads now provide multi-object query ca-
pabilities across both Qserv- and Postgres-backed
catalogs. It currently supports a large subset of
ADQL, with limitations documented in the Data
Release materials (see §?7) and exposed via the
TAP capabilities endpoint where possible.

The TAP service provides metadata annotations
consistent with the standard, including table and
column descriptions, indications of foreign-key re-
lationships between tables, and column metadata
such as units and IVOA unified content descriptors
(UCDs).

o Image access services: Rubin image access ser-
vices are compliant with IVOA Simple Image Ac-
cess Protocol, version 2 (STAv2; Jenness et al. 2024;
Dowler et al. 2015) for discovering and accessing
astronomical images based on metadata. SIAv2 is
a REpresentational State Transfer (REST)-based
protocol designed for the discovery and retrieval
of image data. It allows, for instance, querying all
images in a given band over a defined sky region
and time period.

Users identify an image or observation of inter-
est and query the service. The result set includes
metadata about the image, such as the sky posi-
tion, time, or band, and a data-access URL, which
includes an IVOA Identifier uniquely identifying
the dataset (Jenness & Dubois-Felsmann 2026),
allowing the dataset to be retrieved or a cutout
requested via Server-side Operations for Data Ac-
cess (IVOA standard) (SODA) (SODA; Bonnarel
et al. 2017).

28 https://github.com/opencadc/tap

e Image Cutout Service: The Rubin Cutout Ser-
vice (Allbery 2023, 2024) is based on the IVOA
SODA standard (Bonnarel et al. 2017). Users sub-
mit requests specifying sky coordinates and the
cutout size as the radius from the coordinates, and
the service performs the operation on the full im-
age and returns a result set. As with DP1, the
Cutout Service for DP2 remains a single-cutout
service, where N cutout requests require N inde-
pendent synchronous calls; a bulk Cutout Service,
(Jenness et al. 2026) is now planned for Data Re-
lease 1 (DR1).

« HiPS Data Service: An authenticated HiPS
(Fernique et al. 2017) Data Service for seamless
pan-and-zoom access to large-scale coadds. It
supports fast interactive progressive image explo-
ration at a range of resolutions.

e Web Distributed Authoring and Versioning
(WebDav): A WebDav service is provided to en-
able users to remotely manage, edit, and organize
files and directories on the RSP as if they were lo-
cal files on their own computer. This is especially
useful for local development.

Beyond these IVOA services, DP2 introduces ex-
panded user query-history and query-status capabili-
ties, initial context-aware, in-application documentation
(e.g., contextual help linked directly from Portal table
columns).

Looking ahead to DRI, planned RSP functionality
includes bulk cutout services (both for individual tar-
gets across a range of epochs and for lists of multiple
targets), a PSF retrieval service, an on-demand forced-
photometry service, data product recreation services,
parallel and batch computing, support for persistent
user-created databases and their federation with project-
provided databases, support for collaborative work, and
full LSSTCam focal-plane visualizations. Access to
GPUs and the ability to bring additional user-funded
compute resources to the RSP are under consideration
for the post-DR1 period.

6.2.2. Data Butler

The Rubin Data Butler (Jenness et al. 2022; Lust
et al. 2023), is a high-level interface designed to facili-
tate seamless access to data for both users and software
systems. This includes managing storage formats, phys-
ical locations, data staging, and database mappings. A
Butler repository contains two components.

e The Data Store. A physical storage system for
datasets, e.g., a Portable Operating System In-
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terface (POSIX) file system or (Amazon) Simple
Storage Service (S3) object store.

e The Registry. A Structured Query Language
(SQL)-compatible database that stores metadata
about the datasets in the Data Store.

In the context of the Butler, a dataset refers to a
unique data product, such as an image, catalog or map,
generated by the observatory or processing pipelines.
Datasets belong to one of the various types of data
products, described in §3. The Butler ensures that each
dataset is uniquely identifiable by a combination of three
pieces of information: a data coordinate, a dataset type,
and a run collection.

For a DP2 deep coadd on a patch of sky, the dimen-
sions would be the tract, patch and band, specified as
a datald, e.g., datald={'tract': 11399, 'patch':
16, 'band': 'g'} and is associated with the deep_-
coadd DatasetType. In contrast, the visit_table and
visit_detector_table catalogs described in §3 have
only the instrument dimension, since each is a single
table covering all visits (or all visit-detector combina-
tions) for a given instrument; retrieving either therefore
requires only datald={'instrument': 'LSSTCam'}.
The visit_summary catalog, by contrast, is keyed
on band, instrument, day_obs, physical_filter,
and visit, e.g., datald={'instrument': 'LSSTCam',
'visit': 2025071100074, 'band': 'g', 'physi-
cal_filter': 'g_ 6', 'day_obs': 20250711}, and
contains one row per detector for that visit.

As for DP1, the EDP2 Butler repository containing
the catalogs and coadds described in §3 is hosted in the
Google Cloud using an S3-compatible store for datasets
and AlloyDB, a PostgreSQL-compatible database for
the Registry.

6.2.3. Remote Programmatic Access

The Rubin RSP API can be accessed remotely by data
rights holders by creating a user security token. This
token can then be used as a bearer token for API calls
to the RSP services. This capability is especially useful
for remote data analysis using tools such as TOPCAT,
and for enabling third-party systems, such as community
Alert brokers, to access Rubin data. Additionally, it
supports remote development, allowing for more flexible
workflows and integration with external systems.

6.3. Portal Aspect

The Portal Aspect provides an interactive web-based
environment for exploratory data discovery, filtering,
querying, and visualization of both image and catalog
data, without requiring programming expertise. It en-
ables users to access and analyze large datasets via tools

for catalog queries, image browsing, time-series inspec-
tion, and crossmatching.

The Portal is built on Firefly (Wu et al. 2019), a
web application framework developed by the Infrared
Processing and Analysis Center. Firefly provides in-
teractive capabilities such as customizable table views,
image overlays, multipanel visualizations, and synchro-
nized displays linking catalog and image data.

Designed to support both exploratory data access and
detailed scientific investigation, the Portal delivers an
intuitive user experience, allowing users to visually ana-
lyze data while retaining access to underlying metadata
and query controls.

6.4. Notebook Aspect

The Notebook Aspect provides an interactive, web-
based environment built on Jupyter Notebooks, en-
abling users to write and execute Python code directly
on Rubin and LSST data without downloading it locally.
It offers programmatic access to Rubin and LSST data
products, allowing users to query and retrieve datasets,
manipulate and display images, compute derived prop-
erties, plot results, and reprocess data using the LSST
Science Pipelines (§77?). The environment comes prein-
stalled with the Pipelines and a broad set of widely used
astronomical software tools, supporting immediate and
flexible data analysis.

6.5. Databases

The user-facing Aspects of the RSP are supported by
several backend databases that store catalog data prod-
ucts, image metadata, and other derived datasets. The
schema for DP2 and other Rubin databases are available
online at https://sdm-schemas.lsst.io/dp2.html.

6.5.1. Qserv

The final 10 yr LSST catalog is expected to reach 15
PB and contain measurements for billions of stars and
galaxies across trillions of detections. To support ef-
ficient storage, querying, and analysis of this dataset,
Rubin Observatory developed Qserv (Wang et al. 2011;
Mueller et al. 2025), a scalable, parallel, distributed
SQL database system. Qserv partitions data over ap-
proximately equal-area regions of the celestial sphere,
replicates data to ensure resilience and high availability,
and uses shared scanning to reduce overall I/0 load. It
also supports a package of scientific user-defined func-
tions (SciSQL?) simplifying complex queries involving
spherical geometry, statistics, and photometry. Qserv is

29 https://smonkewitz.github.io/scisql/
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built on robust production-quality components, includ-
ing MariaDB?" and XRootD?!. Qserv runs at the USDF
and user access to catalog data is via the TAP service
(§6.2.1). This enables catalog-based analysis through
both the RSP Portal and Notebook Aspects.

While DP1 was small enough that Qserv’s full capa-
bilities were not strictly required, DP2, at 59.15 TB,
is substantially larger and begins to exercise Qserv at
a scale meaningfully closer to its intended operating
regime, though still well short of the petabyte-scale cat-
alogs expected for the 10 yr LSST survey.

Qserv is open-source and available on GitHub at
https://github.com/lsst/qgserv.

6.5.2. OpSim

DP2 provides an opsim-format SQLite database
of visit-level observational metadata for the
visits included in DP2, downloadable from
https://s3df.slac.stanford.edu/data/rubin/sim-
data/prelsst/dp2_visits.db, with additional docu-
mentation available at https://survey-strategy.lsst.
io/progress/prelsst/prelsst_dp2.html#visit-database.
Like the Butler visit_table, this database contains
visit-level entries, but it has no equivalent of the
visit_detector_table described in §7?7 and so pro-
vides no per-detector information. Its quantities (e.g.,
PSF FWHM, 50 point-source depth) are drawn from
the real-time Rapid Analysis QuickLook processing, ()
performed on the summit rather than from Data Release
Processing (DRP) processing. Values may therefore
differ somewhat from the corresponding DRP-derived
quantities in the Butler visit_table. The database
also includes some quantities not otherwise available
from DRP outputs, such as AOS Zernike coefficients,
as well as predicted quantities useful for comparison
against simulated survey performance.

7. SUPPORT FOR COMMUNITY SCIENCE

Rubin Observatory’s model to support its large, di-
verse science community to access and analyze DP2 fo-
cuses on providing documentation, tutorials, and live
virtual learning opportunities alongside an open plat-
form for issue reporting and resolution that enables
crowd-sourced solutions. These support resources are
all available via the main hub of Rubin’s ”For Scien-
tists” website3?.

30 https://www.mariadb.org/
31 https://xrootd.org/
32 https://rubinobservatory.org/for-scientists

The data release documentation for DP233 provides
an overview of the LSSTCam observations, data qual-
ity summary plots, and descriptions of the contents and
access methods for all catalog and image datasets. All
tutorials (NSF-DOE Vera C. Rubin Observatory 2021)
that demonstrate DP2 access via the Rubin Science
Platform are delivered in the data release documen-
tation, and executable versions of the Jupyter note-
book tutorials are also available from a drop-down menu
within the Notebook Aspect.

Early DP2 was released on the first day of the annual
Rubin Community Workshop, July 27 2026. A dedi-
cated "Get started with DP2” session was added to the
Wednesday agenda. Four DP2-onboarding virtual ses-
sions were run in the first week of August, a mix of
presentations, tutorials, and time for issue resolution.

The Rubin Community Forum®* is the open platform
for user issue reporting and resolution. Rubin staff mon-
itor all new topics posted in the Support category and
ensure that all requests for help get a response and a
solution. The open nature of the platform also enables
peer-to-peer support that avoids knowledge bottlenecks
and hastens the time to resolution.

8. SUMMARY AND FUTURE RELEASES

DP2 provides the first release of science-grade data
products from the LSSTCam focal plane. As for DP1,
DP2 is part of Rubin’s Early Science Program (Guy
et al. 2026) and carries a 2 yr proprietary period during
which access is restricted to LSST data rights holders
via the cloud-based RSP.

DP2 is delivered in two phases: Early DP2 (EDP2),
which provides deep coadded images, all science cata-
logs, and ancillary data products including throughput
curves, survey property maps, and calibration products;
and DP2, planned for late 2026, which adds single-epoch
visit-level and difference-image data products to com-
plete the release. The coadded images and catalogs de-
livered in EDP2 will not be reprocessed for DP2; the
data are unchanged, and DP2 supersedes and fully en-
compasses EDP2 by adding the remaining products to
the same release. Analyses begun on EDP2 products
require no modification.

DP2 represents a substantial advance relative to DP1:
the full LSSTCam focal plane replaces the single-raft
LSSTComCam, all six ugrizy filters are available in
place of three, and the sky area is larger by approx-
imately two orders of magnitude. Nevertheless, DP2
reflects the state of an observatory still in the process of

33 https://dp2.lsst.io
34 https://community.lsst.org/
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optimization: delivered image quality had not yet con-
sistently reached design specification, template coverage
is incomplete across the full sky, and several pipeline
components remain under active development. Users
are encouraged to consult the release documentation at
https://dp2.lsst.io and the known issues register main-
tained there before beginning scientific analyses.

The body of science-grade LSSTCam data acquired
between the end of the DP2 observing window on 2026-
01-06 and the formal start of the LSST on 2026-06-29
will be processed and made available to LSST data rights
holders through the same RSP services. The format and
timing of this release are still under discussion; planning
will be finalised once DP2 has been delivered.

The first LSST Data Release, DR1, will be derived
from a reprocessing of approximately the first year of
LSST survey data and is currently expected in mid-2028;
its precise definition remains under consideration. DR1
will mark a qualitative advance beyond DP2: observa-
tions collected under the community-developed baseline
survey strategy (Rubin’s Survey Cadence Optimization
Committee et al. 2022, 2023, 2025; The Rubin Obser-
vatory Survey Cadence Optimization Committee 2026)
will yield substantially broader and more uniform sky
coverage across the full Wide-Fast-Deep (WFD) foot-
print of 18000 deg?, a balanced six-band filter distribu-
tion, and improved delivered image quality as AOS and
dome thermal management continue to mature (NSF-
DOE Vera C. Rubin Observatory 2026). Photomet-
ric and astrometric calibration will benefit from a full
year of all-sky coverage, difference-imaging templates
will span a far greater fraction of the footprint and pro-
cessing will draw on a more mature version of the LSST
Science Pipelines refined through DP2 experience and
community engagement. Subsequent LSST Data Re-
leases are planned at an approximately yearly cadence,
each a complete reprocessing of all survey data accumu-
lated to that point, with progressively deeper coadds and

improved calibration. Plans will be updated through re-
visions to Guy et al. (2026) and on the Rubin community
forum at https://community.lsst.org.
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Glossary
ADQL: Astronomical Data Query Language (IVOA standard).
AOS: Active Optics System.
API: Application Programming Interface.
ATLAS: Asteroid Terrestrial-impact Last Alert System.

AURA: Association of Universities for Research in Astronomy.

Butler: A middleware component for persisting and retrieving image datasets (raw or processed), calibration reference
data, and catalogs.

CADC: Canadian Astronomy Data Centre.

cloud: A visible mass of condensed water vapor floating in the atmosphere, typically high above the ground or in
interstellar space acting as the birthplace for stars. Also a way of computing (on other peoples computers
leveraging their services and availability).

DAC: Data Access Center.

Data Management System: The computing infrastructure, middleware, and applications that process, store, and
enable information extraction from the LSST dataset; the DMS will process peta-scale data volume, convert raw
images into a faithful representation of the universe, and archive the results in a useful form. The infrastructure
layer comsists of the computing, storage, networking hardware, and system software. The middleware layer
handles distributed processing, data access, user interface, and system operations services. The applications
layer includes the data pipelines and the science data archives’ products and services.

DCR: Differential Chromatic Refraction.

DES: Dark Energy Survey.

DOE: Department of Energy.

DPO: Data Preview 0.

DP1: Data Preview 1.

DP2: Data Preview 2.

DR1: Data Release 1.

DR3: Data Release 3.

DRP: Data Release Processing.

EDP2: Early Data Preview 2.

Firefly: A framework of software components written by IPAC for building web-based user interfaces to astronomical
archives, through which data may be searched and retrieved, and viewed as FITS images, catalogs, and/or plots.

Firefly tools will be integrated into the Science Platform.

HEALPix: Hierarchical Equal-Area iso-Latitude Pixelisation.

HiPS: Hierarchical Progressive Survey (IVOA standard).

IVOA: International Virtual Observatory Alliance.



22

LSST: Legacy Survey of Space and Time.
LSSTCam: LSST Science Camera.

LSSTComCam: Rubin Commissioning Camera.

metadata: General term for data about data, e.g., attributes of astronomical objects (e.g. images, sources, astroOb-
jects, etc.) that are characteristics of the objects themselves, and facilitate the organization, preservation, and
query of data sets (e.g., a FITS header contains metadata).

NSF': National Science Foundation.

Pan-STARRS: Panoramic Survey Telescope and Rapid Response System.

patch: An quadrilateral sub-region of a sky tract, with a size in pixels chosen to fit easily into memory on desktop
computers.

POSIX: Portable Operating System Interface.
PPDB: Prompt Products DataBase.

PSF': Point Spread Function.

Qserv: LSST’s distributed parallel database. This database system is used for collecting, storing, and serving LSST
Data Release Catalogs and Project metadata, and is part of the Software Stack.

REST: REpresentational State Transfer.

RSP: Rubin Science Platform.

S3: (Amazon) Simple Storage Service.

schema: The definition of the metadata and linkages between datasets and metadata entities in a collection of data
or archive.

SDSS: Sloan Digital Sky Survey.

shape: In reference to a Source or Object, the shape is a functional characterization of its spatial intensity distribution,
and the integral of the shape is the flux. Shape characterizations are a data product in the DIASource, DIAObject,
Source, and Object catalogs.

SLR: Single Lens Reflex.
SODA: Server-side Operations for Data Access (IVOA standard).
software: The programs and other operating information used by a computer.

SQL: Structured Query Language.

TAP: Table Access Protocol (IVOA standard).
TOPCAT: Tool for OPerations on Catalogues And Tables.

tract: A portion of sky, a spherical convex polygon, within the LSST all-sky tessellation (sky map). Each tract is
subdivided into sky patches.

USDF': United States Data Facility.



RuBIN DP2

VO: Virtual Observatory.

VST: VLT Survey Telescope.

WebDav: Web Distributed Authoring and Versioning.
WEFD: Wide-Fast-Deep.

XP: B or R Photometry (Gaia).
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