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What is AEON?

Updated March 26, 2021

The Astronomical Event Observatory Network (AEON) is a facility ecosystem for accessible and efficient
follow up of astronomical transients and Time Domain science. At the heart of the network, NOIRLab 2;,
with its SOAR 4.1m (31 and Gemini 8m 4] telescopes (and soon the CTIO Blanco 4m (s1), has joined forces
with Las Cumbres Observatory (6] to build such a network for the era of the Legacy Survey of Space and
Time (LSST) (71. SOAR is the pathfinder facility for incorporating the 4m and 8m class telescopes into
AEON.

A recent article on Science magazine (8] features AEON and the windows into Time Domain, Multi-
Messenger Astronomy, and general astronomical programs that this project will open up for the
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astronomical community in the near future. For a quick, simple introduction to AEON, watch the video
below.

AEON is now seeking to expand to additional telescopes. This page (9] at the Las Cumbres website
describes the initiative, and we link here (101 to our written note. Participation in AEON may be an
interesting option for international groups taking part in the Legacy Survey of Space and Time (LSST). As
announced by Vera C. Rubin Observatory, one of several possible in-kind contributions to the LSST is,
“Observing time, dedicated to proposals led by US Pls, at key non-US facilities” [11].

In accordance with the NOIRLab Open-sky policy, any qualified scientist may compete in peer reviewed
competition for facility access, and this policy extends to AEON. Potential participants with special
requirements are invited to initiate a conversation.

After successful testing during 2018-and early 2019, SOAR and NOIRLab started offering AEON-SOAR
observations in shared-risk mode for 2019B. For the 2020A semester we rolled out this new operational
mode as a new regular, generally available capability on SOAR.

AEON brings a new observing mode for SOAR: a highly automated observing queue run with
minimal human intervention. At present, guide star acquisition, and on-slit acquisition of the science
target (for spectroscopic observations), are the only tasks done manually. As has always been the case,
Telescope Operators also assess the observing conditions and have the authority and means to start/stop
the AEON-queue based on weather or because of technical reasons. Other than these, the AEON-queue
on SOAR is created entirely in an unsupervised, automatic way by a scheduler software at Las Cumbres
Observatory, which takes all requests submitted by the various program Pls, and sorts them according to
a number of parameters, which include (but not limited to) position on the sky, distance to the Moon and
airmass constraints, SOAR minimum and maximum elevation limits, time window specified in the
observing request.

Observing with AEON on SOAR

Astronomers can request observations either through the Las Cumbres Observation Portal 12], or via
standardized, programmable inte
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AEON ON SOAR WORKFLOW
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[3jrfaces, using established APIs, supported by the Target Observation Manager (TOM) Toolkit [14].
The scheduler software runs continuously, and will respond to new observation requests within 15min.
This means that the sequence of observations for a given night can be dynamic and evolve over time.

Users can manage all aspects of their observing programs, including observation requests, by creating an
account [15] with the Observation Portal [12].

Once time is awarded, users will find that their active proposals are listed under the ‘Manage Proposals'
tab and they will be able to request observations. The time needed to execute an observation is debited
automatically from the relevant proposal, but only once each observation is completed. If a request
cannot be scheduled, no time is debited.

Observations can be requested by filling out the observation request form (161, or programmatically by
submitting a request to our APl. We strongly encourage users to read the Las Cumbres
Observatory Getting Started Guide, available from their Help (171 page; it describes the procedure
step-by-step. Detailed information on using the APIs can be found at at this link [18].
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Monitoring Your Observing Program

The homepage of a user's Observation Portal (191 will show a list of all of the observations they have
requested. Clicking on any observation will display more information on each component of the request,
including a wealth of information on its scheduling status, the target visibility, and any data obtained - all
updated in real-time. The "Getting Started on the LCO Global Telescope Network" (201 guide in the help
[21] page describes the available information in more detail. You can also find information on the status
of telescopes in the network r221.

Access to your data....in real time!

As soon as an observation is written to disk at SOAR, the raw Goodman data products are transferred
automatically and made available through the Las Cumbres Observatory Archive (231, and also the
NOIRLab Science Archive [24]. Both archives provide the means for users to download the data products.

The SOAR Team has developed a live automated data reduction pipeline for Goodman data.
This pipeline runs in realtime during every AEON night at SOAR, reducing both imaging and
spectroscopic data in real time. Seconds after your spectrum is written to disc, the 1-D wavelength-
calibrated is produced and displayed in a web browser window. This provides an alternative means for

users to download the data as it is obtained. For more details go to the Goodman Live Pipeline page.
[25]

Where to get help

For assistance with composing observation requests, or for information on AEON-SOAR operations, users
can contact Las Cumbres Observatory's Science Support team by emailing science-
support@Ico.global [26]. For questions about the SOAR telescope, the Goodman spectrograph and the
Goodman data reduction pipeline, please contact Cesar Bricefio (cbriceno@ctio.noao.edu [271)

Contact details

Las Cumbres Observatory Project Scientist: Rachel Street, rstreet@Ico.global (28]

NSF's OIR AstroLab Project Scientist: Stephen Ridgway, sridgway@noao.edu [29]

SOAR Project Scientist: César Bricefo, cbriceno@ctio.noao.edu [27]

Gemini Project Scientist: Bryan Miller, bmiller@gemini.edu [30]

Links to AEON partner pages: LCOGT (311, NSF's Optical and Infrared Astronomy Research Laboratory (32

AEON is a collaboration between Las Cumbres Observatory SOAR, Gemini and NOIRLab. The AEON Team
gratefully acknowledges funding from the NSF.
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AEON Features for 2021A

A total of 25 nights (255h) for 14 programs have been scheduled in AEON-queue mode at
SOAR for 2021A.

Goodman BLUE camera will be available for the first time.

We are offering the Goodman BLUE camera in AEON queue mode for a limited number AEON nights in
2021A. Because selecting one or the other detector is a daytime task, this is not an option users can
request during the night.

We will schedule the BLUE camera in AEON queue mode 1 night per month during this semester. This
means the Goodman BLUE camera will be available 6/25= 24% of the total of AEON time in 2021A, with
the RED camera installed the other 76%. We will notify users 1-2 weeks in advance when scheduling a
BLUE camera night. The first Goodman BLUE night: Feb 18.

Advantages and caveats for each detector are described in the Goodman Instrument Characteristics

page [33].

Detector noise characteristics for AEON data:

All AEON data are collected using a single fixed readout mode: 344ATTN3 for the RED camera, which
corresponds to a readout noise= 3.9 e-, and gain=1.5 e-/ADU, and 200ATTNO for the BLUE camera,
which corresponds to a readout noise=4.7e-, and gain=1.4 e-/ADU (see the Goodman Cheat Sheet) [341.
The readout, region of interest and binning are set automatically for each mode and are not user-
selectable, therefore users will not see these as options in the Las Cumbres Observation Portal. 1121 Users
only have the option to request the appropiate mode (e.g., 400M1 if requesting a spectroscopic
observation, or the filter if it is an imaging observation).
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SOAR AEON 2021A Goodman High Throughput Spectrograph configurations

RED CAMERA: SPECTROSCOPY

Grating Mode | Filter | Slit | Binning | Coverage | Resolution Programs
] (A) (3 pixel)
400 400M 1 — 10 2 3000-7050 13 Massaro( N19B-916,N20B-916), Dimitriadis(N21 A-242), Krumpe(N21A-129),

Fong (N2 1A-138), Howell(TOM19-15), Dai(TOM19-26)

400 400M2 | GG455 | 1.0 2x2 5000-9050 13 Massaro(N19B-916,N20B-916), Dimitriadis{N21A-242), Krumpe(N21A-129),
Koss(N21A-278), Fong(N21A-138), Howell (TOM19-15), Dai(TOM19-26),
Hunde rtmark(TOM19-30), Hemandez(C21A-017)

GO0_OLD | 6DOMID | GG395 | 1.0 2x2 4350-7020 &4 Hemandez(C21 A-033)

930 Q30M2 - 1.0 2x2 3850-5550 55 Corcoran{N21A-264)

RED CAMERA: IMAGING

Filters Binning |Programs
g-SDSS, 1-SDSS, i-5DSS, VR 2x2 Knight(IN249,N250)
[ BLUECAMERA:SECTROSCOPY |
Grating Mode | Filter | Slit | Binning | Coverage | Resolution Programs
*) (A) (3 pixel)
400 400M 1 — 1.0 2x2 3000-7050 13 Massaro( N19B-916,N20B-916), Dimitriadis(N21 A-242), Krumpe(N21A-129),
Fong (N2 1A-138), Howell(TOM19-15), Dai(TOM19-26)
GO0_OLD | GOOMID | GG395 | 1.0 2x2 4350-7020 B4 Hemandez(C21 A-033)
930 Q30M2 - 1.0 2x2 3850-5550 55 Corcoran(N21A-264)
. . oocouace ]
Filters Binning |Programs
g-SDSS, r-SDSS, i-SDSS, VR 2x2 Knight(N249,N250)

e Atmospheric Dispersion Corrector (ADC) always IN, which means users can request any position
angle (PA) they need. If this option is not selected in the Las Cumbres Observation portal, the
system will default to a PA=0 deg.

e Guide Star and on-slit target acquisition: manual

e Calibrations: BIAS, FLATS; scripted, ran every afternoon by SOAR staff. Every night (weather
permitting) we will also obtain a observation of a spectrophometric standard in each of the three
spectroscopic configurations indicated above. All calibration data will be publicly available at the
LCOGT Observation Portal. Users can request HgNeAr comparison lamps (ARC) to be taken
together with their science frames. They can request only one ARC, or "sandwich" the science
frame between ARCs. An ARC frame takes rughly 1min (including overheads for moving the
comparison mirror infout, turning the lamps on/off, allowing 10s for lamp warm up, and 8.5s for
readout). Though less common, users can also request a quartz lampflat together with their
science frames. However, we find dome flats work well for most cases.

e Standard star observation: a spectrophotometric standard star will be observed at the beginning of
every scheduled AEON night, with all three grating setups, together with the corresponding arc
lamp spectra. These data will be publicly available to all users, as part of the calibration files. The
standard star observation will take place during twilight at the beginning of the night, or whenever
the telescope can start observing, if weather conditions did not allow opening at sunset. Any other
standard observations, like radial velocity standards, should be requested together with the
science targets, in a single observation block to ensure they are observed right before or after the



science target.

SOAR AEON Night Calendars

Calendar of SOAR AEON nights for 2021A

AEON on SOAR 2021A

*hkk*xhkkkhkkhkhkthitkikkk

START UT END UT CAMERA NOTES
2021-02-65 08:55:19 2021-82- 9 9 RED
2021-02-13 00: : 50 2021-02-1 RED

2021-02- 00:41:32 2021-02- BLUE

2021-02- 00: :12 ( 2021-02- RED

2021-02- 00:32:24 2021-82- RED

2021-03- 00:22:44 2021-83- RED

2021-03- go:16:01 2021-03-: RED

2021-03- 00: :46 ( 2021-03-1 RED

2021-03- 00: :18 2021-83- BLUE

2021-03- 00:01:35 2021-83- RED

2021-04- 23:47:10 2021-04-¢ RED

2021-04- 23: 14 2021-04- :04 RED
2021-04-14 10:09:38 RED
2021-04-19 10:12: BLUE

2021-04-20 10:13:00 RED

2021-05-04 10: :48 RED

2021-85-08 23: 2021-85-09 10: : RED

2021-05-14 23:1 2021-05-: 10:26: BLUE

2021-85-19 23:09: 3¢ 2021-05-20 10:29:34 RED

2021-65-30 23:06:16 ( 2021-85-31 10: :04 RED

2021-06-06 23:05:3° 2021-086- 10:38:08 RED

2021-06-07 23:05:0€ 2021-06- 10:38: RED Mow a full night
2021-06-16 23:06:C 2021-06-: 10:41: BLUE

2021-06-30 23:09:<¢ ( 2021-07- 16:43:4 RED

2021-67-01 23:10:C 2021-087- 16:43: RED

2021-07-12 23:14:34 2021-07 10:42:39 RED

2021-07-18 23:17: 2021-07 10:40:54 BLUE
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* NOTES:

1. The night of Jun 7 (UT date Jun 8) is a half night. AEON has the second part of the night,
starting at 04:42UT or 00:42 local time.

2. The first half-night of Feb 26 (UT date Feb 27) was added, time taken from engineering (was a Full
Moon night).

Click here for the table of SOAR-AEON nights for 20208 351
Click here for the table of SOAR-AEON nights for 2020A (36]
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Click here for the table of SOAR-AEON nights for 2019B [37]

Goodman Live Data Pipeline

SOAR AEON users now have access to a newly developed web interface for the Goodman instrument
automated pipeline reduction. With only your web browser, you can access both the raw and the fully
reduced imaging and spectroscopic data from the Goodman instrument, seconds after the data are
written to disk. No need to install any software!

Users are provided with access credentials at the beginning of the semester. The interface and a sample
spectrum are shown in the figure below. All you need is to be logged into the SOAR VPN and open the
corresponding web page in your browser.

Fully reduced, 1-D, wavelength-calibrated spectra are produced automatically seconds after the data has
been written to disk, using the appropriate comparison lamps and calibration frames (flux calibration is
not implemented yet). The extraction and overall reduction process works well for most point sources,
though some particular cases may need the user to manually reduce their data (e.g., blended sources;
very faint sources sharing the slit with much brighter sources - in which case the pipeline may extract the
brighter source(s) and fail to extract the faint one). We continue to work on improving the software to
add options that will allow users to fine tune the detection and extraction process, e.g., by define
parameters such as extraction windows.

Some interactive options are available with the "Advance Visualization" button, and users can repeat a
reduction process, deleting the calibrated and extracted spectra and redoing each process. The reduced
spectra can be directly downloaded as FITS files.

The Live Pipeline User Manual can be accessed here [331.

¢ Full documentation on the Goodman Spectroscopic Pipeline [39]
o ADASS paper on the Goodman Live pipeline [40]
e Goodman Live pipeline poster presented at ADASS 2020. [41]
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AEON pages for SOAR Staff

o AEON User Manual for SOAR staff 1421 (V1.0) [43]
e Observation Schedule Manager manual for SOAR staff [43]
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