
The New Era of MMA – March 28, 2019

Gemini Operations for 
Multi-Messenger 

Astronomy  
Bryan Miller

Andy Adamson, John Blakeslee, Andy Stephens, Arturo Núñez, 
and the AEON team

1



The New Era of MMA – March 28, 2019 2

CA: FP
18%

US: FP
67%

BR: FP
7%

CL: 
host

KR: FP
5%
Subaru: EX

AR: FP
3%

HI: host
CFHT: EX

FP: Full Participant (NGO)
Host: Access to local site (NGO)
EX: Exchange Partner 

Gemini: twin 8-meter 
telescopes with coverage of 

both hemispheres
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We support four facility instruments + AO at 
each site. Up to three + AO at a time in queue.
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Gemini North

GMOS-N

GNIRS

NIFS

NIRI

ALTAIR
NGS & LGS 

Gemini South

GMOS-S

FLAMINGOS-2

GPI (ExtAO)

GSAOI

GeMS (MCAO)
LGS (5)

Optical

Near-IR

AO

Visitor instruments
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Maximizing the science return from LSST/LIGO/
IceCube/etc is a high priority for the US NSF
Recommendations of the 2015 “Elmegreen” report:

● Recommendation 4b: high throughput, broad wavelength 

spectrograph

SCORPIO (0.4-2.4 um, R~4K, imaging spectrograph)

● Recommendation 4d: coordination among NSF facilities, 

especially in Chile, to optimize LSST follow-up studies

AEON: NOAO/SOAR/Las Cumbres/Gemini

collaboration to create a system for performing dynamic 

queue-scheduled observations and automating follow-up
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Updates are needed to handle the expected 
increases in ToOs from LSST and MMA.

At CTIO/SOAR, ToOs interrupt 
visitor nights. More will be 
disruptive.

At Gemini, ToOs make up about 
20-25% of the time in Band 1
• Max rates are 1-2/night
• Many more will overwhelm the 

manual scheduling process 
and observers
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Coordinating with other 
facilities, e.g. VLA/Chandra, is 
manual and error prone.
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Observation 
interfaces + 
scheduler(s)

BROKER 1
Survey 1

Survey 2

Survey 3
(...)

BROKER 2...

TOM 
1

TOM
2...

Archive 
interfaces

Telescope1 

Telescope2

Telescope.. 

Telescope3

“Here is an event”

“Request everything 
matching these criteria”
“Here is what I learned”

“Observe X with parameters Y”
“Tell me status of X”

“Send me data of X”

Brokers aggregate 
alerts with catalogs 
and classify.

Target Observation 
Managers contain 
the science logic.

The proposed solution is a follow-up system that 
dynamically turns alerts into requested data.

Time domain infrastructure workshop
(https://www.noao.edu/meetings/lsst-tds/) 6

https://www.noao.edu/meetings/lsst-tds/
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Several brokers are under development and are 
processing alerts

NOAO’s ANTARES (https://antares.noao.edu)
• Alpha release
• Filtering ZTF alerts

Chile’s ALeRCE (http://alerce.science)
• Under development

UK’s Lasair (https://lasair.roe.ac.uk)
• See yesterday’s talk by Lightfoot
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https://lasair.roe.ac.uk/
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Target/Observation Managers match targets with 
telescopes, coordinate observations, and manage data.

TOMs make up the main science layer:

• Collect and prioritize targets from 

alert streams (e.g. brokers)

• Are aware of available resources

• Request observations

• Collect and display data

• Manage data access for members

• Share information between 

interested parties

In use by SNe, exoplanet, NEO, AGN, 

and microlensing teams.

“Request everything matching 
these criteria”
“Here is what I learned”
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Las Cumbres Observatory is developing a 
“toolkit” to make these easier to create.

https://tomtoolkit.github.io
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Python + Django. Easy installation and configuration
Under active development - looking for feedback

https://tomtoolkit.github.io
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You can define broker queries,
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… manage 
targets and 
check visibilities, 
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… and submit 

observations.

This is being used now 

for LIGO follow-up on 

Gemini.

See the video at

https://youtu.be/PC_5kmSdZBU
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Our experience with GW170817 follow-up led to a 
new policy for competitive ToOs

Pre-approved queue programs get

priority over Director’s Discretionary (DD) 

programs.

If multiple ToO requests for the same 

target…

• Will work with PIs if possible 

• Rules for prioritization defined (e.g.

first ToO wins…)

• If multiple requests for the same 

configuration, then data may be 

shared.
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http://www.gemini.edu/node/12731
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NOAO/SOAR/Las Cumbres/Gemini are working to 
dynamically schedule requests from TOMs on SOAR, 

Gemini, Blanco, others...
Rachel Street (LCOGT, PS)
Bryan Miller (Gemini, PS)
Stephen Ridgway (NOAO, PS)
Cesar Briceño (NOAO/SOAR)
Andy Adamson (Gemini)
John Blakeslee (Gemini)
Bob Blum (LSST)
Adam Bolton (NOAO)
Todd Boroson (LCOGT)
Jay Elias (SOAR)
Steve Heathcote (NOAO)
Catherine Merrill (NOAO)
Joanna Thomas-Osip (Gemini)
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Astronomical Event Observatory Network (AEON):
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1. Develop interfaces (APIs)

2. Incorporate SOAR into the LCOGT network, 
execute observations on dedicated nights

3. Coordinate data pipelining and archiving 
efforts

4. Incorporate Gemini, develop automated 
queue scheduler

5. Be ready to incorporate other facilities 
(Blanco, etc)

https://lco.global/aeon/

https://lco.global/aeon/
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AEON Status
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1. Updates to the LCOGT APIs for 
scheduling/telemetry defined

2. SOAR Goodman scripting capabilities 
implemented

3. Tested live connections between 
scheduler@LCOGT and SOAR, 
executed observations  (March 2019)

We are planning for shared-risk science 
use/testing in 2019B.

Expecting to offer the mode in 2020A SOAR Queue Manager
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Gemini will support AEON as part of the ongoing 
OCS Upgrades Program and GEMMA 

OCS Upgrades Goals:
• Rethink the purpose and UI 

from first principles
• Make Phase 2 preparation 

much easier
• Include new features that are 

not possible in the current code
• Make it API accessible 
• Make the code maintainable 

and scalable
See Oct 2017 Gemini Focus, pg. 20
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Gemini will implement automatic scheduling and 
necessary APIs as part of the GEMMA (Gemini in 
the Era of Multi-Messenger Astronomy) project.
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https://www.gemini.edu/gemma/

$26M supplemental funding 
award from the NSF
• MMA outreach program

• New MCAO system for 
Gemini North

• Adaptive queue
scheduler

• Real-time data reduction 
capability
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We close the loop by serving data via the
Gemini Observatory Archive and providing  
tools for science quality reduction. 

•Automated processing is now a requirement

•Gemini IRAF to python transition

• Python imaging package release in 2019

• Spectroscopy reduction in python in collaboration with 
SOAR

•New Gemini instruments come with reduction 

tools that work in our pipeline environment 

(DRAGONS).
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Summary

Gemini is re-imagining the observing system to be a 
productive member of a TDA/MMA follow-up network 
that will consist of:

● Brokers (alert filters)
● TOMs (target/resource matching)
● Dynamic scheduling and execution
● New instrumentation (SCORPIO)
● Data reduction pipelines

We are interested in discussing common issues and 
observation coordination ideas.
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