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Program

▪ Astro2020 and NSF’s NOIRLab
Patrick McCarthy

▪ New Capabilities and Next Generation User Support
Janice Lee

▪ Rubin Observatory Status and Transition to Operations
Bob Blum

▪ Towards Sustainable Observatory Operations
 Bob Blum for Inger Jorgensen

▪ Q&A
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Rubin Observatory Operations
An NSF-DOE Partnership



A diverse Tool Kit
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NSF’s NOIRLab

5

Distribution of US users – 2019 through 2021
Normalized by AAS membership

By the Numbers…. today 2000 nights/yr of 4m and 8m telescope time

1200 proposals per year

700+ refereed publications in FY2021

500+ investigators/yr – US and international

31 instruments available

17 tenant telescopes on Kitt Peak and CTIO

> 37 billion distinct objects in data archive

> 7 Petabytes of data

> 2/3 of the sky with > 30 min exposure time



Key Themes from the Decadal Report
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Invest in diversity, training, fellowships
Prize Fellowship, REU program, Interns

Collect demographic data – and outcomes
TAC demographic data, dual anonymous, success rates

Framework to address satellite constellations
IAU Centre and SatHub

More remote observing, less travel
Sustainability Program

Pipelines for Science Ready Data
CSDC+, DRAGONS 

Community Astronomy model
Engaging Indigenous peoples



NOIRLab’s Role in The OIR System*
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Leadership of the 
US ELT Program

Execution of Rubin’s LSST… 
providing open access to the data

Coordination of facilities & systems 
for Time Domain Astronomy

Operation of unique capabilities 
e.g., DECam, NEID, GNAO, GEMS, DESI…

Leadership in 
community-based 
discussions for 
the future

Contributing to a healthy R&D program of Technology 
Development…coordination of US excellence in the 
design and construction of instrumentation



Pathways to Discovery Report

“Because of the powerful potential that large (20 – 40 m) telescopes 
with diffraction-limited adaptive optics have for astronomy, and 
because of the readiness of the projects, the survey’s priority for a 
frontier ground-based observatory is a significant U.S. investment in 
the Giant Magellan Telescope (GMT) and Thirty Meter Telescope 
(TMT) projects, ideally as components of a coordinated U.S. 
Extremely Large Telescope Program (ELT) program.” 
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     The US ELT System
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TMT

GMT

both TMT and GMT

US ELTP Open House 
Tuesday 5:30 – 7:00 

Ballroom D



Satellite Constellations
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2,500 in orbit
30,000+ planned

1,600 planned

650 planned

STARLINK



IAU Center for Protection of Dark and 
Quiet Skies
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▪ Working with industry to mitigate impacts
▪ “Sat Hub” – software tools to predict passes and remove streaks
▪ “Policy Hub” – provide information to policy makers
▪ Communications – provide information to astronomers and 

public 
▪ new website launched (www.iau.cps.org) 

▪ Satellites and Laser Guide Stars
▪ NOIRLab and NSF in discussions with the Laser Clearing House and 

satellite companies



New Capabilities &
Next Generation User Support

Janice C. Lee, Chief Scientist
Gemini Observatory/NSF’s NOIRLab
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Wide-Field IR Imaging in Chile
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NEWFIRM Wide-Field IR 
Imaging for Time Domain and 
Multi-Messenger Astronomy 

on the Blanco 4m

ISPI IR imager moving to 
SOAR with new detector

NEWFIRM Leaving Kitt Peak…
…bound for Tololo

NEWFIRM at the Blanco
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Astronomical Event Observatory Network
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ANTARES Event Broker 
and 

AEON Network are up and 
running!



Software Upgrades to support TDA
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GPP - CORE OF NEW OCS
● Web apps + APIs + new database
● Easier to use - replaces PIT, OT
● GN/GS observations in the same 

science program
● Promotes automation
● Provides constraints for the automated 

scheduler
● GPP v1 completion 2024



Data Reduction for TDA - DRAGONS
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GMOS 12-amplifier data files (a dither set) Stacked image (instrument signatures 
removed) with catalog-based WCS

DRAGONS ToO 
quick-look pipeline

CURRENT DRAGONS CAPABILITIES
● All imaging modes
● Quick-look reduction for GMOS long-slit 

spectroscopy
● Automation of DR for ToOs (FY2022)

5-YEAR PLAN ADDITIONS for TDA
● NIR longslit reduction
● SCORPIO reduction



Automated Scheduling
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GREEDY MAX ALGORITHM
● Schedules both Gemini telescopes 

together
● Optimises the current night
● Recalculates on the fly as conditions 

change and/or targets of opportunity 
come in

● Mockup to right shows the scheduler 
reacting to a change in observing 
conditions by presenting the observer 
with a new night plan



Rubin Observatory

Bob Blum, Director for Operations
Rubin Observatory/NSF’s NOIRLab
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Rubin Observatory Status
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Rubin Observatory Status
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Rubin Observatory Status
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Rubin Observatory Status
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Transition to Operations: Building the 
Rubin User Experience
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The final LSST 10-year sky map will be like 
having ~3 million of these, tiled over the entire 
southern sky.

The Rubin Observatoryʼs total data holdings will start at ~40 PB and 
grow to ~300 PB over the 10-year LSST.

1                                        year of survey                                      10

Ivezić et al. 2019 OʼMullane et al. 2021 (RTN-003.lsst.io)



Transition to Operations: Building 
the Rubin User Experience
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Goal: Democratize science by removing barriers to participation in the Legacy 
Survey of Space and Time (LSST).

• abundant, discoverable documentation of the end-to-end system
• clear entry points and tutorials from beginner through advanced levels
• asynchronous, distributed, friendly support
• a stable software environment with compute resources
• prioritize research inclusion and seed expertise across the community
• enable anyone to become power user and push the cutting edge with LSST



Transition to Operations: Data 
Previews
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Transition to Operations: User Support
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With thousands of users, knowledge bottlenecks are a risk to 
science. Support must be accessible and timely. A 
crowd-source model is the only sustainable option.



Transition to Operations
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Towards Sustainable Operations 

at 

 NSF’s NOIRLab 
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Towards Sustainable Operations
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Pathways to Discovery recommendation on 
addressing climate change: 

 … increase the use of remote observing, 
hybrid conferences, and remote 
conferences, to decrease travel impact 
on carbon emissions and climate change

As a federally funded facility (FFRDC) 
NOIRLab has an opportunity and an obligation 
to lead by example to share this change with 
the community and the public

NOIRLab has a self-funded plan to reduce our carbon footprint 
by 30% and proposals to reduce our footprint by 50% and make 
one or more of our telescopes carbon-neutral 



NOIRLab Carbon footprint
Pre-Pandemic (FY2019) baseline: 8700 tons CO2 equivalent
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Areas of rectangles are proportional 
to the carbon footprint in each area
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Gemini PV Systems
Gemini South:
207 kW system
Production ~1000 kWh/day 
~ 20% of usage.
Online July 16, 2016

Gemini North:
100 kW system
Production ~650 kWh/day 
~12% of usage. 
Online September 2015



Moving ahead
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• We have an initial assessment of NOIRLab’s carbon footprint. 
We will track this going forward. Does not yet include Rubin and 
we don’t include impact of community using NOIRLab facilities 
or contractor/vendor impact.

• We have a program designed to halve travel by 2027, make 
energy efficiency improvements in our buildings, and add PV 
power generation expansions. We have a specific proposal to 
make one Gemini telescope carbon neutral.

• Our baseline program is funded within our current budget 
through savings on travel. It would result in a 30% reduction in 
carbon emissions. Plans for further changes could get us to 
50%.



Related Events
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● NOIRLab Open House  Wednesday 7:30 PM Sheraton Piazza Ballroom
●
● US ELT Open House  Tuesday 5:30 PM Ballroom B
●
● “A Bold Future for Astrophysics” Wednesday 9:00AM Sheraton Piazza Ballroom

● NOIRLab is Hiring! 
Come see us at our booth in the exhibit hall
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A special thank you to our Partners
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AEON Proposal Cycle
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Exoplanet Imaging
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ELTs

space

2030s

2040s



         Sky Coverage – gravitational waves 
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Identification and follow-up of optical 
counterparts of gravitational wave 

events are crucial for complete 
characterization

The BEST CANDIDATE might appear in either hemisphere

Two telescopes guarantees we can study it



NOIRLab’s Role in The OIR System*
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▪ Leadership of the US ELT Program

▪ Execution of Rubin’s LSST… 
providing open access to the data

▪ Coordination of facilities & systems 
for Time Domain Astronomy

▪ Operation of unique capabilities 
e.g., DECam, NEID, Gemini Instruments

▪ Leadership in community-based discussions for 
the future

▪ Contributing to a healthy R&D program of Technology 
Development in coordination with university groups



 Full Sky Coverage - exoplanets 
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Spectroscopy of a transiting exo-Earth 
allows us to probe its atmosphere for 

signs of chemical disequilibrium 
– a potential sign of life!

The BEST CANDIDATE might appear in either hemisphere

Two telescopes guarantees we can study it



Exoplanet Atmospheres
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The US ELT System
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Full sky coverage - discoveries anywhere on the sky

Longitudinal separation for time-critical science

Synergy with other space- and ground-based facilities

~50% sky overlap → more time on sky
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