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Who am I?

Murchison Widefield Array (MWA)

Who am I?
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Photo credit: Emily Acosta
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LSST Science Pipelines overview

Credit: Leanne Guy
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Rubin Data Product Categories

Credit: Leanne Guy
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Credit: Yusra AlSayyad

You will get data products fast and slow
Annual Data Release Products (DRP)
11 Data releases in 10 years. 
Final catalog: 15PB
Final pixels: 100PB

Prompt Data Products via nightly alert streams 
(Alert Production = AP)
~10 million alerts per night
issued within 60 s of shutter close

LSST Science Pipeline
Data Products
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LSST Science Pipeline
Data Products

Credit: Yusra AlSayyad

You will get data products fast and slow
Annual Data Release Products (DRP)
11 Data releases in 10 years. 
Final catalog: 15PB
Final pixels: 100PB

Prompt Data Products via nightly alert streams 
(Alert Production = AP)
~10 million alerts per night
issued within 60 s of shutter close
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http://ls.st/dpdd
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LSST Science Pipelines overview
• What is a “pipeline”, anyway?

• “a set of data processing elements connected in series, where the output of one 
element is the input of the next one.” (Wikipedia)

• For us, those data processing elements are the scientific algorithms, and the 
connections are data products.

• For a complex pipeline, we build a Directed Acyclic Graph of the connections
• Predetermine every data product that will be produced, and the inputs and outputs of 

every algorithm
• Each algorithm is executed as soon as all of the expected data products are available
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Directed Acyclic Graph
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How do we write code in a collaboration?

• Documentation
• Coding standards
• Unit tests
• Code review
• Version control
• Continuous integration

LSST Science Pipelines codebase 
Figure Credit: Tim Jenness. 
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Science Pipelines documentation

https://pipelines.lsst.io/
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LSST developer guide

https://developer.lsst.io/
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Unit tests
• Tests of a single feature, or of required 

behavior
• Every line of code should be covered by a 

test
• Tests ensure that future code changes or 

new features maintain existing functionality
• Tests of python code can be run by pytest, 

which will provide a test coverage report 
and show missed statements or code 
branches
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Code review
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Version control
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Continuous integration
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Figure from ls.st/dpdd

http://ls.st/dpdd
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Data Release Processing Overview

Credit: Leanne Guy
Produced once a year after the first Data Release
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Prompt Processing Overview

Credit: Leanne Guy

Produced nightly, in close to real time
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• Principal algorithmic components:
• Image characterization

• Background fitting
• PSF modeling
• Cosmic ray removal
• Calibration

• Astrometric
• Photometric

• Data products:
• Source catalogs (src) 
• Calibrated images (calexp)

1: Single Visit Processing
AP and DRP
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2: Image Coaddition

• Principal algorithmic components
• Warping calibrated images to a skymap
• PSF-matching
• Identifying and masking artifacts
• Modeling Differential Chromatic Refraction (DCR)
• Stacking warped images

• Data products
• Coadded images (e.g. deepCoadd, 

goodSeeingCoadd, dcrCoadd, …)

DRP
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3: Coadded Image Analysis

• Principal algorithmic components
• Detection of static sources
• Deblending sources
• Merging sources into objects
• Measurements on objects

• Data products
• Object catalogs (*Coadd)

DRP
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4: Object Characterization
DRP

• Principal algorithmic components
• Source measurements
• Stellar motion fitting
• Variability measurements
• Photometric redshifts

• Data products
• Object catalogs (*Coadd_) 
• Forced source catalogs 

(*Coadd_forcedSrc)
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5: Image Differencing
AP and DRP

• Principal algorithmic components
• Warping (template)
• PSF matching

• Data products
• Difference images (*Diff_differenceExp)
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6: Difference Image Analysis
AP and DRP

• Principal algorithmic components
• Detection of DIA sources
• Measurement
• Forced measurement on objects from last 

30 days
• Object association

• Data products
• Difference Image Analysis (DIA) sources 

(*Diff_diaSrc) 
• DIA objects (apdb database)
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7: Alert Distribution
AP

• Principal algorithmic components
• Alert packaging
• Cutout extraction
• Alert filtering

• Data products
• Packaged alerts
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8: Solar System Processing
AP and DRP

• Principal algorithmic components
• Known SSO association
• Moving object association (linking)
• Orbit fitting

• Data products
• Solar System object catalog 
• Updated MPCORB database 



 

Archive Site

Base 
Site

US DAC

 

Calibration products
L2 Data Products

Physical Shipments
Archive Site to Base Site
Annually

• Hardware
• Data Release 

Products (secondary 
method)

Chilean DAC

EPO Center

Calibration products
L2 Data Products

L2 Data Products

Data Release:
Coadds
Object catalog
Source catalog
Forced Source catalog

Eastbound Westbound
Raw images 1/2 of L2 Data Products
Calibration products
Engineering Facility Database
1/2 of L2 Data Products
(coadds, catalogs, SDQA)

French Data Facility

Eastbound Westbound
Raw images 1/4 of L2 Data 
Products
Calibration products
Engineering Facility Database
1/4 of L2 Data Products
(coadds, catalogs, SDQA)

UK Data Facility

50% of annual data 
release processing

US Data Facility

25% of 
annual DRP

100s k concurrent processing jobs: 3 sites
Transferring 100s PB of results
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Data flow: Data Release Production
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Credit: Leanne Guy

Data flow: Prompt Processing
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How to get involved
• This class is a great start!
• Many people in the department working on LSST:
• Science pipelines developers

• Ari Heinze
• Brianna Smart
• Erin Howard
• Ian Sullivan
• John Parejko
• Krzystof Findeisen
• Meredith Rawls
• Nima Sedaghat

• Commissioning Scientists
• Bryce Kalmbach
• Chris Suberlak
• Neven Caplar

• Data Management Scientists
• Colin Slater
• Melissa Graham
• Peter Yoachim

• Professors
• Andrew Connolly
• Eric Bellm
• Mario Juric
• Zeljko Ivezic


