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Abstract

In preparation for cosmological analyses of the Vera C. Rubin Observatory Legacy Survey
of Space and Time (LLSST), the LSST Dark Energy Science Collaboration (LSST DESC) has
created a 300 deg? simulated survey as part of an effort called Data Challenge 2 (DC2). The
DC2 simulated sky survey, in six optical bands with observations following a reference LSST
observing cadence, was processed with the LSST Science Pipelines (19.0.0). In this Note,
we describe the public data release of the resulting object catalogs for the coadded images of
five years of simulated observations along with associated truth catalogs. We include a brief
description of the major features of the available data sets. To enable convenient access to
the data products, we have developed a web portal connected to Globus data services. We
describe how to access the data and provide example Jupyter Notebooks in Python to aid
first interactions with the data. We welcome feedback and questions about the data release
via a GitHub repository.

This document was prepared by LSST Dark Energy Science Collaboration using the resources of the Fermi National Accelerator
Laboratory (Fermilab), a U.S. Department of Energy, Office of Science, HEP User Facility. Fermilab is managed by Fermi Research
Alliance, LLC (FRA), acting under Contract No. DE-AC02-07CH11359.
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4 LSST DESC

1. INTRODUCTION

In the next decade, an unprecedented survey of the sky will be carried out using the Vera
C. Rubin Observatory, the Legacy Survey of Space and Time (LSST Science Collaboration
et al. 2009; Ivezi¢ et al. 2019). One of the major aims of the survey is to unravel the
origins of the accelerated expansion of the Universe. The LSST Dark Energy Science
Collaboration (DESC)! was formed to carry out this exciting endeavor (LSST Dark Energy
Science Collaboration 2012). In order to prepare for the arrival of data, LSST DESC has
undertaken two data challenges (DC1 and DC2) based on sophisticated cosmological and
image simulations. The data challenges have been designed to mimic actual data from the
Rubin Observatory in small, representative areas of the LSST observing footprint.

Both LSST DESC data challenges are based on realistic simulations of the extragalactic
sky and employ an image simulation package, imSim, that provides access to a wide
range of features. The resulting synthetic data were processed with Rubin’s LSST Science
Pipelines (Juri¢ et al. 2017) to generate the final data products. The first data challenge,
DCl, covers a ~40 deg” area and ten years of observations. The image simulations were
carried out for r-band only. A detailed description and a range of analysis results are
provided in Sdnchez et al. (2020). In this data release note, we focus on the second data
challenge, DC2. A comprehensive description of the LSST DESC DC2 Simulated Sky
Survey can be found in LSST Dark Energy Science Collaboration et al. (2020). DC2 covers
~300 deg? in the wide-fast-deep (WFD) area to be surveyed by LSST. Within this area, a
small 1 deg? deep-drilling field (DDF), which has a much greater density of observations,
has been simulated as well. For the data release described in this note, only data from the
WED campaign and 5 years of observations are provided, corresponding to the planned sixth
Rubin data release, DR6. For DC2, all six optical bands ugrizy are included in the image
simulations. Both the extragalactic catalog and image simulations include many relevant
features expected in LSST data at varying levels of realism, from simpler approximations
to more realistic physical models. The choice of how to represent the features depended
on the complexity of the actual data and the finite resource availability. The DC2 overview
paper (LSST Dark Energy Science Collaboration et al. 2020) provides a comprehensive
discussion about the DC2 design choices, which were guided mostly by considerations
regarding cosmological probes.

For LSST DESC, the data challenges serve multiple purposes. The advantage of simulated
data is that the underlying truth is known. Therefore, even if they are not as complex as
observational data or have different systematics, they provide an excellent testbed for DESC
analysis pipelines. Given that the data formats closely mimic what is planned for the
Rubin data products, they also serve to aid the development and optimization of data access
methods. The data challenges also offer the opportunity to exercise the LSST Science
Pipelines and investigate their performance, in particular with regard to how systematic
effects in the data are handled. By making a first set of the data products publicly available,

1 Isstdesc.org
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we hope that other LSST Science Collaborations will be able to carry out useful tests in
preparation for arrival of LSST data as well. In addition, the data should be of value for the
broader optical astronomy and cosmology communities.

This note is organized as follows. In Section 2 we describe the major features of the
DC2 data set. We provide an overview of the data products that are part of this release
in Section 3. We provide instructions for data access, including a set of example Python
Jupyter notebooks, in Section 4. We conclude in Section 5 and provide a brief description
of possible future data releases.

2. MAJOR FEATURES OF THE DATA SET
2.1. Astrophysical Inputs

Here we describe the astrophysical inputs for the simulated WFD data set.? The com-
ponents of this data set are mostly limited to the types of objects needed to support static
probes of dark energy science, specifically the galaxies from the cosmoDC2 extragalactic
catalog (Korytov et al. 2019). In addition, this data set includes stars from a simulated Milky
Way, which are needed for astrometric and photometric calibration by the image processing
pipeline, as well as Type Ia supernovae, which were included throughout the 300 deg? DC2
region. The center of the WFD region is at R.A. = 552064, Decl. = —29°783 (see Figure 1),
and so the entire simulation region lies well outside of the Ecliptic and Galactic planes.

As noted, the galaxies are from the cosmoDC2 extragalactic catalog?, which covers 440
deg? out to a redshift of z = 3 and is complete to m, < 28. The cosmoDC2 catalog is
based on the Outer Rim N-body simulation (Heitmann et al. 2019), and the properties of
the galaxies were derived using the Galacticus semi-analytic model (Benson 2012) and
painted onto dark matter halos using GalSampler (Hearin et al. 2020). The derived galaxy
properties include stellar mass, morphology, spectral energy distributions, broadband filter
magnitudes, host halo information, and weak lensing shears. The bulge and disk components
of the galaxies are rendered separately as Sérsic profiles, and galaxies with m; < 27 have
“knots” of star formation added in order to model more complex light profiles for the
brighter galaxies. The fluxes for these star-forming regions have been re-allocated from the
disk component, and the knots have the same spectral energy distribution (SED) as the disk.

The Milky Way stars are simulated using the Galfast model of Juri¢ et al. (2008), which
is based on densities and colors of stars in the Sloan Digital Sky Survey (SDSS). Stellar
variability is included for periodic objects (e.g., RR Lyrae and Cepheids) and for non-
periodic variables (e.g., CVs, flaring M-dwarfs, etc.). Stars without a definitive variability
class are modeled based on the Kepler Q17 data release (Thompson et al. 2016). The
Galactic reddening is based on the three-dimensional model of Amores & Lépine (2005).

Finally, Type Ia supernovae have been added throughout the DC2 region out to a redshift
of z = 1.4 with a population density that is consistent with observations (e.g., Dilday et al.

2 As described in LSST Dark Energy Science Collaboration et al. (2020), data that were generated for the DDF
region have additional astrophysical components such as strong lenses and an enhanced rate of transients.
3 portal.nersc.gov/project/lsst/cosmoDC2/
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2010). The simulated SNIa light curves were derived from a slightly modified version of
the SALT2 model (Guy et al. 2007).

2.2. Image Simulation Features

DC2 used the minion_1016 observing cadence#, which was the Rubin Observatory LSST
baseline cadence when production of the DC2 simulations began. This cadence provides
the nominal field positions, telescope rotations, and filter selections for each 30-second
pointing, as well as predicted seeing and airmass. For the sky background, the LSST sky
model is used, which is the ESO sky model with a twilight component added (Yoachim
et al. 2016). We have added random translational and rotational dithering to the nominal
pointings to make the sky coverage more uniform.

The imSim simulation software, which is described in more detail in LSST Dark Energy
Science Collaboration et al. (2020), uses the GalSim package (Rowe et al. 2015) to render the
astrophysical objects and the night sky. The point-spread functions (PSFs) for each exposure
are computed using a set of atmospheric phase screens that are realizations of Gaussian
random fields with a Von Karman power spectrum. In addition, the PSF calculation includes
an optical model of the telescope based on modeling of the active optics system for Rubin
Observatory. After convolution with the PSF, objects are rendered on the LSST CCDs taking
into account the instrumental throughput in each band, the object’s SED within the bandpass,
atmospheric effects such as differential chromatic refraction, and the convergence of the
incident beam from the telescope optics. GalSim’s sensor model includes the brighter-fatter
and tree-ring electrostatic effects that are present in the CCDs used in the LSST Camera
(LSSTCam). Finally, electronics readout effects such as bleed trails, CCD segmentation,
intra-CCD cross-talk, read noise, etc., are applied. These effects are based on measurements
of the actual LSSTCam hardware.

2.3. Image Processing

For the image processing of the DC2 data, we used version 19.0.0 of the LSST Science
Pipelines codes. The image processing steps are described in detail in LSST Dark Energy
Science Collaboration et al. (2020), Bosch et al. (2018), and Bosch et al. (2019). Since
the simulations lack throughput variation over the focal plane and from visit to visit, we
omitted the joint photometric and astrometric calibration across visits, and consequently,
the standard passbands for the LSST filters are simply the total throughputs® used in the
simulations and which were derived by the Rubin systems engineering team.

3. AVAILABLE DATA SETS

This Data Release (v1) provides the data from the WFD campaign for 5 years of observa-
tions (corresponding to Rubin’s DR6). This data set includes two tables: the Object Table
(about 147 million entries, 118 gigabytes) and the Truth-match Table (about 766 million

4 docushare.lIsst.org/docushare/dsweb/View/Collection-4604
5 pipelines.lsst.io/v/v19_0_0/index.html
6 github.com/Isst/throughputs/releases/tag/1.4
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entries, 63 gigabytes). Each is partitioned by sky region into 166 files, as described in detail
in Section 4.1. We define these tables and describe their data models in the subsections
below.

3.1. Object Table

The Object Table contains information about static astronomical objects measured on a
coadded image. The photometry in the Object Table is measured with the forced photometry
method, i.e., it is consistently measured across multiple bands using a fixed position, which
is determined from the reference band for each source (Section 3.4 of Bosch et al. 2018).

The generation of the Object Table is described in detail in Section 8 of LSST Dark Energy
Science Collaboration et al. (2020). In short, after the LSST Science Pipelines (19.0.0)
produce the deepCoadd catalogs of multiple bands, we merge these catalogs across bands,
and rename and compute certain columns to produce the final Object Table. The columns
we rename or compute are meant to produce a science-ready catalog that resembles the
Rubin LSST Data Products Definition Document (LSE-163; Ise-163.1sst.io) for the end
users.

Each entry (row) in the Object Table corresponds to one measured astronomical object,
assigned with a unique ID (objectId). There are no duplicated entries in the Object Table.
For details about the file format and the organization of files for the Object Table, see
Section 4.1. The full schema for the Object Table can be found in Section B.1.

3.2. Truth-match Table

The Truth-match Table is a joint representation of both the truth information (i.e., the
perfect, noiseless measurement of astronomical objects’ positions and fluxes within the
standard passbands, used as inputs to the image simulations) and their best matches to the
measured objects in the Object Table. The Truth-match Table allows users to examine,
for example, the differences between true and measured fluxes and positions, and compare
them to the expected levels of photometric and astrometric accuracy and precision.

The generation of the Truth-match Table is described in Section 4.2.1 of LSST Dark
Energy Science Collaboration et al. (2020). The truth information in the Truth-match
Table only includes “summary” properties (i.e., static, or infinite-time averaged fluxes)
of galaxies, stars, and supernovae (SNe). Time-varying properties are not included. The
match information stored in the Truth-match Table is produced with the following procedure
applied for each entry in the Object Table:

1. Search for all truth entries that are within 1 arcsec and have an r-band magnitude
difference (Ar) less than 1 mag. If one or more truth entries satisfying these criteria are
found, pick the truth entry with the smallest |Ar| as the match, and set is_good_match
to True.

2. If no truth entry was found in Step (1), pick the truth entry that is the nearest neighbor
of the object entry on sky as the match, and set is_good_match to False.
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Given this procedure, every entry in the Object Table is assigned exactly one match. The
majority of object entries have a “good” match (i.e., satisfying criteria in Step 1 above), and
the rest have a nearest-neighbor match. More than 90% of the “good” matches are not only
the closest match in magnitude, but also the nearest neighbor match.

As we will discuss further in Section 4.1, the data tables are split by sky regions when
stored on disk. The matching procedure described above was applied to each sky region
individually; hence, a very tiny fraction (< 0.002%) of objects may not have good matches
due to being too close to the sky region boundaries.

Because the Object Table was used as the reference catalog for the matching procedure,
some truth entries may be chosen as a match more than once, while others may not be
chosen at all. Flags to distinguish these situations are included in the Truth-match Table.
Selecting all entries with match_objectId > —1 from the Truth-match Table would result
in a subset of Truth-match entries that have exactly the same row order as the entries in
the Object Table (and hence may contain duplicated truth entries). On the other hand,
selecting all entries with is_unique_truth_entry being True would produce a subset of
Truth-match entries that contains all unique truth entries, including truth entries that have
not been chosen as a match. These selections are particularly important for users who wish
to access the files directly. For users who use GCRCatalogs (Section 4.3), the reader will
automatically select the correct rows depending on whether the user loads the “Truth” view
(having all truth entries) or the “Match” view (having entries that matches to the Object
Table). We refer users to the example notebooks we provided (Section 4.4) for detail.

The file format and the organization of files for the Truth-match Table are described in
Section 4.1. The full schema for the Truth-match Table can be found in Section B.2.

4. DATA ACCESS
4.1. Data File Format and Organization

All data tables in this release are stored in the Apache Parquet’ format, an efficient
columnar storage form, with I/O tools readily available for multiple development systems.
The data files can be easily downloaded to the user’s machine via Globus (Section 4.2), and
read with Python packages such as pyarrow or fastparquet.® We additionally provide a
Python package, GCRCatalogs, which contains a high-level user interface to access the data
files (see Section 4.3).

Each data table is further partitioned into several files that correspond to different parts
of the sky. The partition is based on the “tract” value in the “Rings sky map” pixelization
of LSST Science Pipelines.® Figure 1 illustrates the partition. The same partition is used
for both Object Table and Truth-match Table. No padding is included; i.e., an entry that is
near a tract boundary still only appears in the tract it belongs to. Each Parquet file contains
only one partition (row group).

7 parquet.apache.org
8 pyarrow: arrow.apache.org/docs/python; fastparquet: fastparquet.readthedocs.io
9 pipelines.lsst.io/py-api/lsst.skymap.ringsSkyMap.RingsSkyMap.html
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Figure 1. Sky map of the DC2 footprint. The large green trapezoid is the full DC2 footprint. The
small red square in the upper right corner is the DDF region that is excluded in this release. Each
tract is represented by a rectangle with a number on it showing the tract ID. The light pink region
shows the size of the LSSTCam focal plane as a comparison.

4.2. Downloading Data Files

The data files are made available via a data portal website!® using Globus!! services.
Any user can authenticate using their organizational login or with a Globus ID? to initiate
transfers of the full or partial data set to another endpoint to which the user has access,
whether it be a laptop or a high-performance computing center.

Detailed instructions on data transfers can be found on our data portal website (see
Footnote 10).

4.3. Accessing Data in Python

While the data files are accessible via standard Parquet I/O tools, we provide a high-level
Python package, GCRCatalogs!3, to assist users to access DC2 data.

The GCRCatalogs package is installable by package managers pip and conda. Once
installed, the package should be configured to recognize the path to which the data files
have been downloaded. The DC2 data set will then be readily available in the user’s own
Python environment. Detailed instructions can be found in our data portal website (see
Footnote 10).

10 Jsstdesc-portal.nersc.gov

1 www.globus.org

12 www.globusid.org/what

13 github.com/LSSTDESC/gcr-catalogs
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Below we show an example Python code snippet to demonstrate how to use GCRCatalogs
to obtain the R.A. and Decl. columns from three tracts of the Object Table, with a sampling
rate of 1%. The high-level user interface makes the code simple and readable.

import GCRCatalogs
from GCRCatalogs.helpers.tract_catalogs import tract_filter, sample_filter

obj_cat = GCRCatalogs.load_catalog("desc_dc2_run2.2i_dr6_object")

data = obj_cat.get_quantities(
quantities=['ra', 'dec'], # columns we want to load,
filters=[sample_filter(0.01)], # down sample at 1%
native_filters=[tract_filter([4225, 4226, 4430])], # select 3 tracts

4.4. Example Python Jupyter Notebook

Rubin LSST DESC DC2: Accessing Object Table with GCRCatalogs

Authors: Yao-Yuan Mao (@yymao), Francois Lanusse (@EIffL), Javier Sanchez (@fjaviersanchez), Michael Wood-Vasey (@wmwv), Rachel Mandelbaum (@rmandelb)
This notebook will illustrate the basics of accessing the Object Table, which contains the detected objects at the coadd level using GCRCatalogs.
Learning objectives: After going through this notebook, you should be able to:

1. Load and efficiently access a DC2 object table with the GCRCatalogs
2. Understand and have references for the object table schema

3. Apply cuts to the catalog using GCRQuery

4. Have an example of quality cuts and simple star/galaxy separation cut

Before you start

Make sure you have followed the instructions here to download the data files, install GCRCatalogs, and set up root_dir for GCRCatalogs.

Import necessary packages

import nump{ as np
import matplotlib.pyplot as plt
%matplotlib inline

import GCRCatalogs
from GCRCatalogs.helpers.tract_catalogs import tract_filter, sample_filter
from GCRCatalogs import GCRQuery

Access object table with GCRCatalogs

The GCRCatalogs package is a DESC project which aims at gathering in one convenient location various simulation/data catalogs made available to the collaboration. In
this section, we illustrate how to use this tool to access the object catalogs from DC2 Run2.2i.

GCRCatalogs.get_public_catalog names()

obj_cat = GCRCatalogs.load_catalog("desc_dc2_run2.2i_dr6_object™)

Figure 2. Screenshot of the beginning of the Object Table tutorial notebook.

We provide two example Python Jupyter Notebooks which further demonstrate how to use
GCRCatalogs to access the data. They are designed as tutorials, with clear instructions (see
a screenshot in Figure 2). In addition to demonstrating the access method, these notebooks
also explain the data model in detail, and provide a few simple analyses that can be used as
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Figure 3. A resulting plot from the example analysis in the tutorial notebook for the Truth-match
Table. The plot shows the measured and true galaxy number density as a function of magnitude.
The code to generate this plot is included in the notebook.

starting points for further development (see an example plot from the notebook in Figure 3).
These notebooks can be found in a GitHub repository 4.

5. SUMMARY AND OUTLOOK

In this Note we described the first public data release for DC2 carried out by the LSST
DESC. We make data available for a simulated WFD survey spanning 300 degree” and 5
years of Rubin observations, including a subset of the coadd-based catalogs that would be
included in Rubin Observatory’s DR6. We encourage new users to provide feedback and
ask questions via the “Discussions” feature in the dedicated GitHub repository '>. If you use
these data products in a publication, we ask that you cite this Note and the DC2 overview
paper (LSST Dark Energy Science Collaboration et al. 2020). If you use GRCCatalogs to
access the data products, please also cite Mao et al. (2018).

This data release (v1) focuses on a limited set of data products generated with the LSST
Science Pipelines. In the future, we plan to extend this data release in several directions.
First, LSST DESC is currently working on generating so-called “add-on” catalogs. These
catalogs provide information obtained from further processing the data. Examples include a
photo-z catalog and a cluster catalog. Once these catalogs have been carefully validated and
are of sufficient quality to be of broader interest, they will be added to the DC2 Data Release.
Second, the processing of the DDF portion of DC2 is still in progress. As explained in more

1 github.com/LSSTDESC/desc-data-portal/tree/main/notebooks
15 github.com/LSSTDESC/desc-data-portal/discussions
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detail in LSST Dark Energy Science Collaboration et al. (2020), the DDF region contains
several astrophysical components, e.g. AGNs, that are not available in the WFD region. As
with the add-on catalogs, once careful validation has concluded, we plan to make those
data available as well. Finally, for cosmology it is very informative to compare results from
different survey data releases to build a better understanding of the impact of the depth
of the data on cosmological constraints. Therefore, LSST DESC is currently generating
additional coadds and associated catalogs for subsets of the data corresponding to 1- and
2-year depths. Depending on the feedback we receive, these datasets may become part of
future public data releases as well.



DESC DC2 DatA RELEASE NOTE

APPENDIX

A. CHANGELOG

13

Date

Version

Description

01/07/2021

vl

Initial release




14

LSST DESC

B. TABLE SCHEMA
B.1. Object Table Schema

Name Type Unit Description

objectId int64 - Unique object ID

parentObjectId int64 - Parent object ID

good bool - True if the source has no flagged pixels

clean bool - True if the source has no flagged pixels (i.e.,
good) and is not skipped by the deblender

blendedness float64  — Measure of how flux is affected by neighbors
(I = Ichita/Iparent: see §4.9.11 of Bosch et al.
2018)

extendedness floato4  — 0 for stars; 1 for extended objects

ra float64  degree Right Ascension

dec float64  degree Declination

X float64  pixel 2D centroid location (x coordinate)

y float64  pixel 2D centroid location (y coordinate)

xErr float32  pixel Error value for x

yErr float32  pixel Error value for y

xy_flag bool - Flag for issues with x and y

tract int64 - Tract ID in Sky Map

patch string - Patch ID in Sky Map (as a string, ‘x,y’)

Ixx_pixel floatb4  sq. pixel'!  Adaptive second moment (xx) of source inten-
sity, averaged across bands

Ixx_pixel_<band> floatb4  sq. pixel!  Adaptive second moment (xx) of source inten-
sity in <band>

Iyy_pixel floatb4  sq. pixel!  Adaptive second moment (yy) of source inten-
sity, averaged across bands

Iyy_pixel_<band> floatb4  sq. pixel!  Adaptive second moment (yy) of source inten-
sity in <band>

Ixy_pixel floatb4  sq. pixel!  Adaptive second moment (xy) of source inten-
sity, averaged across bands

Ixy_pixel_<band> floatb4  sq. pixel!  Adaptive second moment (xy) of source inten-
sity in <band>

I_flag bool - Flag for issues with Ixx, Iyy_pixel, and Ixy

I_flag_<band> bool - Flag for issues with Iyy_pixel_<band>, Ixy_
<band>, and Ixx_<band>

IxxPSF_pixel floatb4  sq. pixel!  Adaptive second moment (xx) of PSFy, aver-
aged across bands

IxxPSF_pixel_<band> float64  sq. pixel! Adaptive second moment (xx) of PSF in
<band>

IyyPSF_pixel float64  sq. pixel! Adaptive second moment (yy) of PSFy, aver-
aged across bands

IyyPSF_pixel_<band> floatb4  sq. pixel!  Adaptive second moment (yy) of PSF in
<band>

IxyPSF_pixel float64  sq. pixel! Adaptive second moment (xy) of PSFy, aver-
aged across bands

IxyPSF_pixel_<band> float64  sq. pixel! Adaptive second moment (xy) of PSF in

<band>
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Name Type Unit Description
psf_fwhm_<band> floatb4  arcsec PSF FWHM calculated from base_SdssShape
psNdata float32 - Number of data points (pixels) used to fit the
model
psFlux_<band> float64  nly Point-source model flux in <band>
psFluxErr_<band> float64 nly Error value for psFlux_<band>
psFlux_flag_<band> bool - Flag for issues with psFlux_<band>
mag_<band> floatb4 AB mag  Point-source model magnitude in <band>
magerr_<band> floatb4 AB mag  Error value for mag_<band>
cModelFlux_<band> float64  nly Composite model (cModel) flux in <band>
cModelF1luxErr_<band> float64  nly Error value for cModelFlux_<band>
cModelFlux_flag_<band> bool - Flag for issues with cModelFlux_<band>
mag_<band>_cModel floatbt4 AB mag cModel magnitude in <band>
magerr_<band>_cModel floatb4 AB mag  Error value for mag_<band>_cModel
snr_<band>_cModel float64 - Signal-to-noise ratio for cModel magnitude in

<band>

I In LSE-163, I<xx, yy, xy> and I<xx,yy, xy>PSF are defined in the units of squared arcsec.

B.2. Truth-match Table Schema

Name' Type Unit Description

id string - Unique object ID

host_galaxy int64 - ID of the host galaxy for a SN entry (-1 for other
truth types)

ra float64  degree Right Ascension

dec float64  degree Declination

redshift float32 - Redshift

is_variable int32 - 1 for a variable source

is_pointsource int32 - 1 for a point source

flux_<band> float32  nly Static flux value in <band>

flux_<band>_noMW float32 nly Static flux value in <band>, without Milky Way
extinction (i.e., dereddened)

mag_<band>? float32 ABmag Magnitude in <band>

mag_<band>_noMW? float32 AB mag  Magnitude in <band>, without Milky Way ex-
tinction (i.e., dereddened)

tract int64 - Tract ID in Sky Map

patch string - Patch ID in Sky Map (as a string, ‘x,y’)

cosmodc2_hp int64 - Healpix ID in cosmoDC?2 (for galaxies only; —1
for stars and SNe)

cosmodc2_id int64 - Galaxy ID in cosmoDC?2 (for galaxies only; —1
for stars and SNe)

truth_type int64 - 1 for galaxies, 2 for stars, and 3 for SNe

match_objectId int64 - objectId of the matching object entry (-1 for
unmatched truth entries®)

match_sep float64  arcsec On-sky angular separation of this object—truth
matching pair (-1 for unmatched truth entries?)

is_good_match bool - True if this object—truth matching pair satisfies
all matching criteria

is_nearest_neighbor bool - True if this truth entry is the nearest neighbor of

the object specified by match_objectId
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Name' Type Unit Description

is_unique_truth_entry bool - True for truth entries that appear for the first time
in this truth table’

! When accessing this catalog as dc2_object_run2.2i_dr6_wfd_with_truth_match via GCRCatalogs, all
the columns in this table, except for the last six, are postfixed with _truth.

2 Only present when accessing the catalog via GCRCatalogs.

3 Because the object catalog is used as the reference catalog for matching, some truth entries may appear more
than once, and some truth entries may not have a matching object.
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led the development of the LSST simulation tools and contributed to the initial definition
of the DESC data challenges. ADW developed the LSST DESC exposure checker and
organized the DC2 visual inspection effort. RD assisted in organization, planning and
obtaining computing resources. SFD helped design and implement the stellar and AGN
variability models. He also implemented and maintained the interface between the cos-
moDC2 simulations, the GalFast simulations, and ImSim. SWD edited the note text. EG
contributed to the field location and dither design. TG worked on the production of certain
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calibration products, and assisted with management of DESC NERSC resources. SH is
the HACC team lead; he contributed to the assessment of image generation computational
requirements, co-led the management of DESC NERSC resources. APH helped design
and build the model of the galaxy-halo connection used to generate the cosmoDC2 extra-
galactic catalog. KH was responsible for the overall organization of the DC2 project, was
involved in many aspects of the extragalactic catalog production, and contributed to the
text of the note. FH implemented the mechanism for making the LSST Science Pipelines
available online and usable both at CC-IN2P3 and at NERSC, managed the CC-IN2P3 data
processing infrastructure used by the image processing pipeline and was responsible for the
prompt data transfer between CC-IN2P3 and NERSC. RH worked on the coordination and
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both the GalSim and ImSim code bases for the purposes of generating the DC2 images. He
also contributed to the simulation design, especially decisions about which features should
be included to achieve the desired goals of realism in the galaxy shapes for weak lensing
science, while maintaining computational feasibility. JBK was the main developer of the
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the text of the paper relating to the SL Sprinkler. HMK set up the web portal and managed
the DESC software and data resources at NERSC. EK was one of the principal developers
of the extragalactic catalog that was used as input to the image simulations and also worked
on the validation of the DC2 object catalogs, as described in the DC2 survey paper. DK
led the development of the model underlying the extragalactic catalog. KSK contributed
to the conceptual design of the simulated survey including determining which electronic
effects to simulate and by association which master calibration products to include. FL
contributed the model for the knots component included in galaxy light profiles, and the
implementation of said model in CatSim and imSim. PL made significant contributions
to the development of the cosmoDC?2 extragalactic catalog CSL helped develop physical
models of the CCD detectors, which allowed physically real simulations of tree rings and
the brighter-fatter effect. NL contributed to the generation of strongly lensed host galaxies
of multiply lensed AGN and SNIa in the strong lensing systems sprinkled in the DDF. EPL
made contributions to the sky model in imSim. RHL contributed to the validation of the
final data catalogs and provided support in using the LSST Science Pipelines. RM orga-
nized analysis teams and synthesized input that factored into the overall DC2 design and
validation, was engaged in the validation efforts, and edited the note text. YYM contributed
to the generation, validation, and access of various DC2 data products, the preparation of
public release, and text of this note. PJM helped design the survey regions and cadences,
provided high-level scientific oversight, and contributed to defining the strong lensing re-
quirements. JEM helped develop and validate the PSF simulation within imSim. JWP
contributed to the generation and documentation for the truth tables of strongly lensed SNe
and AGN for the full DC2 effort. JP contributes to write notebooks using Apache Spark to
access and manipulate the DC2 data. DJP implemented a model for LSST optical effects
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in imSim, assisted in the development of internal data access tools, and contributed to the
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contributed to the validation of various DC2 data products, and managed the Apache Spark
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processing QA for missing tracts, and galaxy color QA. FJS participated in DC2 design
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truth catalog. SJS wrote the text for the photometric redshifts section. TDU was involved
in setting up the initial imSim simulations to scale them up on thousands of nodes of Theta
and supporting clusters at Argonne. ASV was responsible for early generation of instance
catalogs, implementing the Parsl workflow for imSim on NERSC and ALCF resources, and
helping in initial validation of these outputs. CWW carried out early planning for DC2,
worked on development, testing and management of the imSim image simulation program,
and tested the released data product format. MPW implemented the code to add lensed host
galaxies to the lensed AGN and lensed SNe in the DC2 code. MWV co-led the Data Access
Task Force, served as the Data Coordinator, and contributed to validation of the DC2 data
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