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Rubin Observatory’s LSST at Fermilab:
From Construction to Physics
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Construction
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Construction is at an advanced stage
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All camera components fabricated
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Current Schedule
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The full machine
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The Rubin Observatory’s LSST: 
A wide-field telescope, optical CCD camera, 
& data reduction system

Annis | LSST@Fermilab
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Operating the Rubin Observatory’s LSST:

Annis | LSST@Fermilab

The survey system is designed 
and constructed to make trillions 
of measurements of billions of 
objects in 825-frame, 6-filter, 
optical/near-IR, 10 year movie of 
the entire southern sky.
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The system feeds eight science collaborations

Annis | LSST@Fermilab

Our primary science collaboration 
is DESC, but often we are 
members of more than one SC. 
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Connecting the machine to the science collaborations: 
the community engagement team
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The Rubin Science Platform- where analysis starts

Annis | LSST@Fermilab
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RSP currently on Google Cloud

Annis | LSST@Fermilab



Date Presenter I Presentation Title 

The Rubin Observatory’s LSST has 
an pores boundary between the 
science platform and the science 
collaborations.

The Community Engagement Team 
provides support for the science 
community and ensures spaces 
where one’s identify as a scientist is 
forefront, where loud voices do not 
crowd out all voices, where one has 
an equitable chance to preform 
creative, innovative, important 
science.

The CET first activity is the Delegate 
Assemblies, where 300 delegates 
from the science collaborations work 
together.

• Delegates are given 
documentation on using the RSP.

• Delegate Assemblies occur every 
two weeks on Friday

• A series of notebooks provide the 
starting point to using the Rubin 
Science Platform effectively to do 
science.

• The Rubin Project and 
Community Workshop meeting is 
next week!
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The Community Engagement Team



04/08/2021 Presenter I Presentation Title Annis | LSST@Fermilab14

Dark Energy Science Collaboration
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DESC DC2 currently fills the Rubin Science Platform

Annis | LSST@Fermilab

The DESC Data Challenge 2 simulation performed 
ray tracing simulation of images based on 
cosmological dark matter simulations with semi-
analytic galaxy placements. The LSST data 
reduction pipeline were run to produce catalogs. 
The images and catalogs were placed in the RSP.
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DESC is a well-organized and capable collaboration aimed 
at understanding the second era of cosmic acceleration

Annis | LSST@Fermilab
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Collaborations are made of individual scientists

Annis | LSST@Fermilab
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Opportunities to pursue science and technology with us:

• Dark energy programs in 
- cluster weak lensing,   (James Annis, Marc Paterno, & Yuanyuan Zhang)
- large scale structure correlation functions, (Javier Sanchez)
- strong lens discovery & follow-up (Elizabeth Buckley-Geer, Huan Lin)

• Dark matter programs in
- dwarf galaxies near the Milky Way, (Alex Drlica-Wagner)
- the structure of the dark matter about the Milky  Way (Brian Yanny)

• The rising field of using gravitational wave sources as cosmological tools (James Annis, Ken Herner)

• Artificial intelligence and machine learning program (Brian Nord, Aleksandra Ciprijanovic)
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Fermilab Science inside DESC
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Precursor Science: The DES
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Dark Energy Survey (DES)- precursor survey

Annis | LSST@Fermilab
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Cosmic surveys for cosmological physics

Annis | LSST@Fermilab

DES Year 3 Results: curved-sky weak lensing mass map reconstruction, 
Jeffrey, Gatti, Chang et al 2021
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The statistical distribution of galaxies and mass
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DES Year 3 Results: Cosmology from Cosmic Shear and Robustness to Data Calibration, 
Amon, Gruen, Troxel et al 2021
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Photometric Redshifts for Galaxies using Machine 
Learning Techniques: Self-Organizing Maps

Annis | LSST@Fermilab

Phenotypic redshifts with self-organizing maps: A novel method to characterize redshift distributions of source galaxies for weak lensing
Buchs, DeRose, Alacorn et al



04/08/2021 Presenter I Presentation Title Annis | LSST@Fermilab24

Cosmological Constraints using advanced statistics: 
is there tension between Planck and DES?

Annis | LSST@Fermilab

Assessing tension metrics with Dark Energy Survey and Planck data, 
Lemos, Raveri, Campos et al 2021

“We find that the parameter 
differences, Eigentension, and 
Suspiciousness metrics all yield 
similar results on both simulated 
and real data, while the Bayes 
ratio is inconsistent with the rest 
due to its dependence on the prior 
volume.’’
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Aiming at the acceleration of the universe

Annis | LSST@Fermilab

DES Year 3 Results: Cosmological Constraints from Galaxy Clustering and Weak Lensing, 
Abbott et al 2021
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Cosmology from clusters of galaxies
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Mass maps and cluster of galaxies

Annis | LSST@Fermilab

DES Year 3 Results: curved-sky weak lensing mass map reconstruction, 
Jeffrey, Gatti, Chang et al 2021
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Weak lensing profiles of dark matter about clusters 
as a function of red galaxy count and redshift

Annis | LSST@Fermilab

DES Year 1 Results: Weak Lensing Mass Calibration of redMaPPer Galaxy Clusters
 McClintock, Varga, Gruen et al 2018
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Learning about the edges of clusters!

Annis | LSST@Fermilab

The mass and galaxy distribution around SZ-selected clusters
 Shin, Jain, Adhikari et al 2021
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Summary

• The Rubin Observatory is nearing completion
• The Rubin Science Platform is being released to the community
• The science collaborations are formed to work with the data
• DESC is a strong collaboration within which to measure cosmological 

parameters using the imaging sky survey LSST
• Weak lensing combined with galaxies are the primary DESC technique
• The technologies involved include machine learning and advanced statistics 

as well as astrophysics
• Clusters of galaxies, my particular field, is rich in physics as well as 

cosmological potential.

• We’d prefer to do this in person, with you at Fermilab! Next year!
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