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Abstract. The Vera C. Rubin Observatory is preparing to execute the most am-
bitious astronomical survey ever attempted, the Legacy Survey of Space and
Time (LSST). Currently the final phase of construction is under way in the
Chilean Andes, with the Observatory’s ten-year science mission scheduled to
begin in 2025. Rubin’s 8.4-meter telescope will nightly scan the southern hemi-
sphere collecting imagery in the wavelength range 320-1050 nm covering the
entire observable sky every 4 nights using a 3.2 gigapixel camera, the largest
imaging device ever built for astronomy. Automated detection and classifica-
tion of celestial objects will be performed by sophisticated algorithms on high-
resolution images to progressively produce an astronomical catalog eventually
composed of 20 billion galaxies and 17 billion stars and their associated physi-
cal properties.

In this article we present an overview of the system currently being constructed
to perform data distribution as well as the annual campaigns which reprocess
the entire image dataset collected since the beginning of the survey. These
processing campaigns will utilize computing and storage resources provided by
three Rubin data facilities (one in the US and two in Europe). Each year a Data
Release will be produced and disseminated to science collaborations for use
in studies comprising four main science pillars: probing dark matter and dark
energy, taking inventory of solar system objects, exploring the transient optical
sky and mapping the Milky Way.

Also presented is the method by which we leverage some of the common tools
and best practices used for management of large-scale distributed data process-
ing projects in the high energy physics and astronomy communities. We also
demonstrate how these tools and practices are utilized within the Rubin project
in order to overcome the specific challenges faced by the Observatory.
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1 Introduction

Located in the Chilean Andes and currently in its final phase of construction, the Vera C.
Rubin Observatory is preparing to execute the Legacy Survey of Space and Time (LSST), the
most ambitious astronomical survey ever attempted. Over the course of the Observatory’s
ten-year science mission, its 8.4-meter telescope will scan the southern hemisphere collect-
ing imagery in the wavelength range 320-1050 nm covering the entire observable sky every
4 nights using a 3.2 gigapixel camera. Sophisticated algorithms applied to high-resolution
images will perform automated detection and classification of celestial objects, progressively
populating numerous physical parameters comprising an astronomical catalog of 20 billion
galaxies and 17 billion stars. Science-ready images and the astronomical catalog will be
regularly delivered by the Observatory to science collaborations for their studies in the four
science pillars: probing dark energy and dark matter, taking an inventory of the solar system,
exploring the transient optical sky and mapping the Milky Way [1].

This paper is structured as follows. In section 2 we present a high-level view of the data
products that will be delivered by the Observatory. Section 3 covers the tools being devel-
oped for processing the images and section 4 the data processing infrastructure the project is
deploying to generate those products.

2 Data products

The Rubin Observatory will deliver several kinds of data products as well as services for
archiving and dissemination of those products to LSST Science Collaborations [2].

Raw images collected each observing night are processed within 60 seconds of their cap-
ture in order to generate and emit alerts for transient detection, in a process known as Prompt
Processing. In addition, on an annual cadence Data Release Processing will entail a repro-
cessing of the entirety of the Rubin raw image set recorded since the beginning of the survey,
producing a new Data Release for dissemination to the scientific community. Each Data Re-
lease includes, in addition to raw and calibration images, science-ready images which have
been reprocessed with updated scientific algorithms, as well as a catalog with the properties
of the astrophysical objects detected on the input images.

Five petabytes of new raw images will be recorded each year. The volume of released
data products generated by the annual processing of the accumulated set of raw images is
on average 2.3 times the size of the input data set for that year and is estimated to reach
more than one hundred petabytes by the end of the survey.! Released data products include
processed visit images, coadd images and tabular data used to populate the astronomical
catalog database [3]. Over the ten year-long survey the volume of data released for science
analysis is estimated to increase by one order of magnitude [4].

3 Image processing

Detection of astrophysical objects and measurement of their properties from the input images
is implemented in the form of a processing pipeline, a set of connected processing elements
wherein each element performs a specific analysis task. Pipeline tasks receive their inputs
from either the outputs of upstream tasks or external data sources such as the input raw
data or reference catalogs (see Figure 1). The result of this production is one or more data
sets which are either intermediate products consumed as inputs to downstream tasks or final
products included in the annual Data Release [5].

IThis figure does not include the size of the intermediate data products generated for the needs of the processing
but not included in the annual data release.



The Rubin LSST Science Pipelines are composed of about 80 different kinds of tasks at
the time of this writing, which are all implemented on top of a common algorithmic code
base and purpose-built middleware components. The Data Butler (hereafter the "Butler")
is the software system that abstracts the data access details (including data location, data
format and access protocols) from the pipeline developers and users of the released data, and
comprises one of the components of the complete processing pipeline [6].
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Figure 1. Illustration of the conceptual design of the LSST Science Pipelines for image processing. For
details see [3].

An instance of a Data Butler is called a repository, which is composed of a registry and a
datastore. Datasets are organized in the registry according to astronomical concepts such as
exposure, detector, or band, without knowledge of how those data sets are persisted or where
they are located. In-memory Python objects are serialized by the Butler datastore abstraction
and written to a storage system. The Butler datastore also provides functionality for reading
these objects from storage, delivering a recreated Python object to the calling code. Pipeline
tasks use the Butler’s Python API to retrieve specific data sets needed as their inputs as well
as to orchestrate storage of their outputs. The Butler registry is implemented on top of a re-
lational database (currently both PostgreSQL [7] and SQLite [8] are supported) and the data-
store lays on top of a physical storage system which exposes one of the currently supported
access protocols, namely POSIX, S3 [9], Google Cloud Storage [10] and webdDAV [11].

A directed-acyclic graph known as a QuantumGraph is generated by an algorithm which
takes as inputs a file describing the tasks that compose a particular pipeline, the configuration






