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The LSST Survey

Telescope

8.4-meter (6.7 m equivalent) at Rubin Observatory

world’s largest CCD camera: 3.2 × 109 pixels

6 optical bands ugrizy (320 - 1050 nm)
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Field of view of various large-survey cameras. Moon and Andromeda Galaxy
(Messier 31) shown to scale. (Laher et al. 2018)
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The LSST Survey

Survey

10-year photometric survey ugrizy

1000 images/night = 15 TB/night, 10 million transients/night

first light ComCam: Oct. 2022, start of operations: ∼ Oct. 2023
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LSST survey strategy, showing regions with varing number of visits for sub-surveys.
(image source: www.lsst.org)
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The LSST Survey

Main survey:
Wide-Fast-Deep: 2× per night every three nights over 18,000 deg2

Special programs:
Deep Drilling Fields
Galactic Plane
North Ecliptic Spur
South Celestial Pole
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Science with the LSST Survey

LSST is designed to address four science areas:
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Probing Dark Energy and Dark Matter

Cataloging the Solar System

Exploring the Variable/ Transient Optical Sky

Mapping the Milky Way

deep, wide, fast & long survey
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LSST Data Products
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readout

37 s

24 h

yearly

10 years

Raw Data

30 s image, 20 TB/night

Prompt Data Products
difference image analysis (DIA)

alerts: up to 10 million/night

Prompt Products Database
images, object & source catalog

solar system bodies orbit catalog

Annual Data Release
via LSST Science Platform

& LSST Data Access Centers

Final 10 Year Data Release
images: 5.5 million × 3.2 Gpx

catalog: 15 PB, 37 billion objects

Alert Brokers
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LSST Data Products
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observations

computing

science
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astronomy is largely determined by the available
computational capacity

⇒ telescopes & instruments as
front-ends for data processing systems &
follow-up telescopes

⇒ challenge and chance: understanding complex
phenomena requires complex data
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LSST Data Products

typical use cases from complex data:

“unknown unknowns”

known rare “1-in-a-million” events

objects requiring immediate follow-up (e.g.: supernova,
merger for multi-messenger astronomy)

some follow-up requires accurate and up-to-date lightcurve
information

possible with LSST: large footprint high cadende

allow for detailed light-curve analysis (cadence, baseline) as well as
for statistics from a large data set (footprint)
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+

software systems to sort and filter alerts at scale to enable
better follow-up
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Rubin Observatory Alerts and Community Brokers
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Rubin Observatory Alerts and Community Brokers
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Rubin Observatory Alerts and Community Brokers

Rubin Observatory’s real-time difference image analysis processing
for LSST creates a stream of alerts containing data about
transient, variable, and moving sources

alerts will be distributed to brokers:

software systems that ingest, process and redistribute
astronomical alerts to the broader scientific community

typical functionality:

cross-match with archival catalogs (object, association)
photometric classification based on light-curve analysis
identification and prioritization of objects for follow-up
observations
user-interaction
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Selection of Rubin Observatory Community Brokers

anticipated high bandwidth of the Rubin Observatory alert stream

limited number of brokers can receive the stream directly

May 2019: Letters of Intent submitted from 15 teams
June 2019: 1st Community Brokers Workshop
August 2019: full proposals from 9 teams
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Full-Stream Alert Brokers

Alerce

AMPEL

ANTARES

BABAMUL

Fink

Lasair

Pitt-Google

Downstream Alert Brokers

Point of Interest

SNAPS
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LSST Data Management System (DMS) Alert Production

process new data from telescope with Difference Imaging Analysis (DIA)

S/N>5: detected, record written to source catalogs, alert generated
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alert: package containing coordinates, photometry, image

cutouts, other information (calculated light curve features)

Data Management Science Pipelines Design | LDM-151 | Latest Revision 2020-11-10

isolated sources within a CCD image. The order of the WCS used in the astrometric fits will,

therefore, depend on the number of calibration Sources that are available.

3.2 Alert Generation Pipeline (WBS 02C.03.04)
The Alert Generation pipeline identifies variable, moving, and transient sources within a

calibrated exposure by subtracting a deeper template image (see Figure 3). The DIASources

detected on a DiffExp are associated with known DIAObjects and SSObjects (that have been

propagated to the date of the CalExp exposure) and their properties measured. The process

for image differencing requires the creation or retrieval of a TemplateCoadd, the matching of

the astrometry and PSF of the TemplateCoadd to a CalExp, and subtracting the template image

from the CalExp. Spurious DIASources will be removed using morphological and environment

based classification algorithms.

The Alert Generation pipeline is required to difference, and detect and characterize DIASource

sources within 24s (allowing for multiple cores and multithreading of the processing).

FIGURE 3: Generation of alerts from the nightly data: image differencing and measurement

of the properties of the DIASources, identification and filtering of spurious events, association
of previously detected DIAObjects and SSObjects with the newly detected DIASources.

The contents of this document are subject to configuration control by the Rubin Observatory DM ChangeControl Board.
15

LSST DMS Alert Production Pipeline (image source: ls.st/LDM-151)
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LSST Data Management System (DMS) Alert Distribution

The time-averaged data rate of the alert stream is estimated to be ∼0.2 Gb/s,

potentially with bursts of up to 5.4 Gb/s. The estimated size of the alerts

database after 10 years is ∼2.2 PB.
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Data Management Science Pipelines Design | LDM-151 | Latest Revision 2020-11-10

FIGURE 4: Distribution of alerts from the nightly processing: generation of postage stamps

around each detected DIASource, distribution of the DIAObjects as VOEvents, simple filtering
of the event stream, and persistence of the events in a database.

3.3.1 Input Data
DIAObject Database: DIAObjects, with new DIASources, generated through image differenc-

ing will be used to create alert packets.

Difference Images: The DiffExp will be used to generate postage stamp (cut-out) images of
DIASources within the CCD.

Coadd Images: The TemplateCoadd used in image subtraction will be used to generate
postage stamp images of the template image for DIAObjects.

3.3.2 Output Data
VOEvent Database: VOEvents generated from the DIAObjects and cutouts will be persisted

within a database (e.g. a noSQL database) or object store.

3.3.3 Alert postage stamp generation
Creates the associated image cutouts (30x30 pixels on average) for all detect DIAObjects

(cutouts are generated from the current observation and not from historical observations).

The contents of this document are subject to configuration control by the Rubin Observatory DM ChangeControl Board.
22

LSST DMS Alert Distribtion Pipeline (image source: ls.st/LDM-151)
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Alert Production

pre-LSST alert streams

currently broker systems are tested with a ZTF alert stream and
an archive of ZTF alerts made available by the University of
Washington

(Patterson et al. (2019): The Zwicky Transient Facility Alert Distribution

System)

ZTF LSST

Number of detections 1 trillion 7 trillion

Number of objects 1 billion 37 billion

Nightly alert rate 1 million 10 million

Nightly data rate 1.4 TB 15 TB

Alert latency < 20 minutes 60 seconds
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Alert Production

(anticipated) content of LSST alert streams

cutout images

photometry, light-curve history

machine-learned Real/Bogus score

set of light-curve features
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Point of Interest Broker

Different brokers will have different capabilities and are directed
towards different science cases.

Point of Interest broker: A lightweight broker for variable star
identification, classification & follow up.
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Scientific Goals: Variable Stars

the background: a project to characterize the Milky Way from
variable stars

RR Lyrae, Cepheids:

⇒ detection of structure such as tidal streams, dwarf galaxies

⇒ answering questions regarding the formation history of our
Milky Way
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easy to detect: variable with
specific light-curve profile

distance measurement
(period-luminosity relationship)
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Scientific Goals: Variable Stars

many “points” or regions of interest known:

dwarf galaxies

globular clusters

tidal streams & substructure within

⇒ can be traced by periodic variable stars
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Sgr stream, traced with RRab stars from PS1 3π survey (Hernitschek+2017,2018)
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Scientific Goals: Variable Stars

Sagittarius stream with “spurs”:
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Scientific Goals: Variable Star Classification
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important: to fill in more and more data points
e.g.: we looked for PS1 3π RRab stars to get ∼360 view on Sgr
stream
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reliable variable star identification & classification
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Scientific Goals: Variable Star Follow-Up

the background: a project to get accurate photometry for timing
spectroscopic follow-up
Milky Way dynamics: get 3D velocities

21 / 39Rubin Observatory Community Brokers

Dark Matter

Group 14!
!

Group 10!

Group 30!
Group 23!

Group 26

Faherty+2018

comoving groups and clusters
in the Milky Way
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Scientific Goals: Variable Star Follow-Up
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crucial for RR Lyrae (and pulsators in general): timing

Cause of pulsation: lack of hydrostatic equilibrium beneath surface (outward pressure

and inward gravity compression are out of sync)

This causes a change in brightness: As the star shrinks, its surface heats up, like a

piston compressing air into a small volume. Then, as its surface expands, it cools.
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Scientific Goals: Variable Star Follow-Up

vobs = vsystemic + vphotospheric

from pulsation models:

observe at φ = 0.37 where vphotospheric∼0

observing program: collaboration of Caltech & the Observatories of the
Carnegie Institution for Science, from spring 2017 on

overall goal: dynamically characterize substructure in the outer Galactic halo

using Keck ESI & Magellan MIKE spectra with timing from PS1 3π and ZTF

photometry
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crucial for RR Lyrae (and pulsators in general): timing
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Scientific Goals: Variable Star Follow-Up
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crucial for RR Lyrae (and pulsators in general): timing
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The Idea

The Idea:

Rubin Observatory’s LSST survey (deep, wide, fast & long) is ideal
to do

detailed analysis based on high
light-curve cadence

statistics over large
samples based on
survey footprint &
duration
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An alert broker to enable users to get updates on variable star
observations within interesting regions.
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The Idea

An alert broker to enable users
to get updates on variable star observations
within interesting regions.

predefined
known stellar streams, dwarf
galaxies and globular clusters

user-created
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(frequently updated)
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The Idea

add value to two of the four science pillars as specified for LSST:
Exploring the Transient Optical Sky and Mapping the Milky Way

large and deep sets of such variable stars
⇒ understanding the nature of the stellar halo of our Milky Way
⇒ constraining its history

PS1 3π is pushed to its limits - LSST will be at least 2 mag deeper

26 / 39Rubin Observatory Community Brokers
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∼400 kpc LSST

∼120 kpc PS1 3π

∼ 10 kpc limit of SDSS studies for kinematics & [Fe/H]
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The Idea

Data Products & Services
a) light curves of RR Lyrae and Cepheids (classification!) in
specific regions of interest

b) value-added information: periods, phase offsets

Astronomers working with variable stars are usually interested in
precise light curve information ⇒ fit periods ⇒ determine e.g.

distances

phases at given time stamps - crucial for spectroscopic
follow-up studies as e.g. demonstrated currently by the
Caltech/Carnegie Survey of the Outer Halo of the Milky Way
(Hernitschek et al. 2020b, in prep).

28 / 39Rubin Observatory Community Brokers



LSST Survey Alert Brokers POI Broker

The Idea

Anticipated Output
a) light curves of RR Lyrae and Cepheids (classification!) in
specific regions of interest

b) value-added information: periods, phase offsets

c) specific value-added information: e.g. some RR Lyrae show a
modulation of the pulsation phase or amplitude (Blazhko effect)
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Blazhko effect, Kepler light curve
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The Idea

Anticipated Output
a) light curves of RR Lyrae and Cepheids (classification!) in
specific regions of interest

b) value-added information: periods, phase offsets

c) specific value-added information: e.g. some RR Lyrae show a
modulation of the pulsation phase or amplitude (Blazhko effect)

LSST’s high cadence will provide better features:
⇒ amplitude, period, phase offset, possible modulations
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The Idea

Cross-Matches
To provide information on variable stars within
defined regions, the alert broker should perform

a) cross-matching with variable catalogs such as the

PS1 Sample RR Lyrae catalog (Sesar & Hernitschek 2017)

⇒ as early as LSST gets operational
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The Idea

Cross-Matches
To provide information on variable stars within
defined regions, the alert broker should perform

a) cross-matching with variable catalogs such as the
PS1 Sample RR Lyrae catalog (Sesar & Hernitschek 2017)
⇒ as early as LSST gets operational

b) classifying variable light curves

⇒ as soon as the light-curve quality is sufficient

also: re-classify stars found by e.g. PS1 ⇒ catalog-cleaning
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GROUP           CLASS                           TYPE

VARIABLE
STARS

INTRINSIC

I. PULSATING 
STARS

II. ERUPTIVE 
(Cataclysmic 
stars)

III. ECLIPSING
BINARIES

EXTRINSIC

IV. ROTATING
VARIABLES

Cepheids

RR Lyrae

RV Tauri
Long-period 
variables

Supernovae
Novae
Recurrent novae
Dwarf novae
Symbotic stars
R Coronae Borealis

Mira type

Semiregular

Type I Classical

Type II W Virginis
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The Idea

User Access
data products should be easily accessible:

website showing individual information for each star
within a region of interest

retrieving data: simple GUI & SQL-like data-query language for
advanced tasks
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Point of Interest LSST Broker

Summary
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The Idea

User Access
data products should be easily accessible:

website showing individual information for each star
within a region of interest

retrieving data: simple GUI & SQL-like data-query language for
advanced tasks

table download

light curves (filtered: number of epochs,

specific coordinates...)

overview tables: observed within a region

light curve features
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Point of Interest LSST Broker

Summary
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The Implementation

Broker Back-End
Functionality:

ingest & store stream

light-curve generation (beyond the 30-day light-curve from
alert)

annotate stream: feature calculation

cross-match: Query the CDSXmatch service: Simbad,
ALLWISE, 2MASS, Pan-STARRS...

Implementation:

Python with weave

sqlite3 database
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currently processing ZTF alert stream & archive
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The Implementation

Broker Front-End
Functionality:

user interface (web service)

selecting/filtering alerts

displaying science images, features, cross-matches

allowing for download of data

Implementation:

Python with flask, sqlalchemy
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The Implementation
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The Implementation
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The Implementation
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The Implementation
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Future Implementation

Point of Interest is now a downstream broker of ANTARES
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https://antares.noirlab.edu/
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Future Implementation

Point of Interest is now a downstream broker of ANTARES
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https://antares.noirlab.edu/

alerts

light-curves

annotated: cross-match,
features

classification

more specific classification:
amplitude-period-phase modulation
(Blazhko effect)

watch for modulation

specific “Points of Interest”: from
publications, user-created

specific calculations for follow-up:
phase/time from model
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