An end-to-end time-domain and multi-messenger astronomy platform

Dan Avner, NSF NOIRLab, RAPID



Discovery Is no longer the bottleneck

* Millions of alerts per night
* Multi-wavelength follow-up required

 Rapid response is critical
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GOATS

Gemini Observation and Analysis of Targets System

» | ocal, browser-based application b

observation
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GOATS

Software architecture

Time-domain astronomy made time efficient.
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e Gemini Program Platform

various integrated services:

rrrrrrrrrrrrrrrrrrrrrr
e antares2goats browser extension

Core Application

* Django application (built on TOMToolkit)
* Python backend

User Interface

* Browser-based Ul (vanilla JS)

Execution Model

* Asynchronous background tasks

* Designed for long-running workflows
Deployment

* Distributed as a Conda package

* Runs locally
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_ antares2goats

antares2goats

From alert to target in one step

‘Browse alerts in ANTARES

Connection Details

@® GOATS Default

Select object of interest

Send directly to GOATS

() Other

URL:

http://127.0.0.1

Port:
8000

ANTARES
® Production

() Development

» No manual data entry

» No context switching Save



antares2goats

_ - antares2goats
From alert to target in one step

by GOATS @Gemini

Enhance your GOATS experience by seamlessly integrating
ANTARES directly into GOATS with just a single click.

‘Browse alerts in ANTARES

% 5 (2 reviews) 1 User

Select object of interest

Send directly to GOATS

Rated 5 by 2 reviewers

Click to rate:
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Read all 2 reviews

» No manual data entry

» No context switching
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G O B TS & G . L Gemini Program Platform
e m I n I Use the Gemini Program Platform (GPP) to browse your active programs and corresponding

observations. Select a program to load its observations and autofill observation details. You can

- then save the observation on GOATS without changes, update the observation details and
A I a S a n I n te l I a Ce to P P resubmit, or create a new observation for a ToO. Any updates or new observations are saved on

GOATS automatically upon submission.

Active Programs

G-2026A-0331-D - 2026A Transients

Active Observations Approved ToO Configurations

* G P P : n eXt - g e n e rat i O n Choose an observation... v 0-4b51 - ToO Target 1
observatory control system

Details

 API-driven ToO observation
creation and submission

Scheduling Windows

« GOATS provides a unified user Configuration
i nte rface Position Angle Mode

Average Parallactic v
Instrument Position Angle

GMOS South 0 deg
Grating Filter

B480 G5327

FPU Spatial Offsets

Longslit 1.00 arcsec 0.00, 15.00, -15.00 arcsec

» Simplifies interaction with complex observatory systems



GPP Client

Programmatic interface to Gemini

o-[-e-&

GOATS gpp-client GPP Gemini Telescope

* Asynchronous Python API for
GPP

* Enables programmatic ToO
submission

o Simplifies interaction with
observatory system

o Used by GOATS for workflows
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Retrieve data from the Gemini Observatory Archive (GOA)

This functionality is available once the observation is complete, i.e., the status is updated to ‘Observed, ‘Ongoing,
or 'Completed’

GOATS & GOA

Accessing data through GOATS

Observation Any v | Observation Any v
Class Type
Raw/Reduced Any v | QA State Not Fail v

* Retrieve observation data
directly from Gemini Observatory
Archive

Observation ID GS-2021A-DD-102-9
Download Associated ® Yes No Only Calibrations
" . Calibrations
e Supports public and proprietary
Submit

data

O B C X - danavner ~

* |ntegrated into the follow-up
WO rkfl OW 195.1 MB Downloading calibration files...

View Previous Downloads

* No manual interaction with
archive interfaces

» Automatically decomypresses and organizes data
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GOATS & DRAGONS

Interactive data reduction within GOAT

« DRAGONS integrated directly
into GOATS

« DRAGONS available through a
web-based interface

 No need to learn a CLI
 Customizable reduction recipes

 Reproducible reduction runs

ations Data Astro Data Lab Gemini Explore

© GS-2021A-DD-102-9

Setup and Manage Reduction Runs

run-20260320182734

Created

Version

Directory

Config Filename

Cal Manager Filename

Log Filename

Available Recipes and Files

BIAS (dayCal) | Bias

Available Recipes

makeProcessedBias (default)

Available Files

Create Groupings

Filter

¥ Select/Deselect All

¥ S20210205S0126.fits

¥ S520210205S0083.fits

¥ S20210205S0127fits

¥ S52021020550128 fits

¥ S20210205S0N82 fits
OBJECT (partnerCal) | LTT6248

OBJECT (dayCal) | Twilight

OBJECT (science) | AT2020caa

ARC (dayCal) | CuAr

Existing Run

2026-03-20T18:27:34.543109Z
41.0

{Users/dan.avner/GOATS/data/ANT2020affe44q/GEM/GS-2021A-DD-102-9/run-20260320182734

dragonsrc
cal_manager.db

log.log

Use strict filter expression matching
Use all files for observation ID
Apply Groupings And Filter
2021-02-05 (10 files) v

FLAT (partnerCal) | GCALflat

Calibration Database

Manaqge Files

Bias Reduction

Running

- D

Modify Recipe ~
Additional Files
Reduction Mode sq (science-quality) v
DR Package geminidr v
Optional Parameters
Calibration Overrides
Output Suffix
1~ def makeProcessedBias(p):
2 e
3 This recipe performs the standardization and corrections needed t«(
4 the raw input bias images into a single stacked bias image. This
B processed bias is stored on disk using storeProcessedBias and has
6 equal to the name of the first input bias image with "_bias.fits"
7
8 Parameters
9
10 p : PrimitivesBASE object
11 A primitive set matching the recipe_tags.
12 e
13 # HI RAPID!!!!
14 p.prepare(require_wcs=False)
15 p.addDQCadd_illum_mask=False)
16 p.addVAR(read_noise=True)
17 p.overscanCorrect()
18 p.stackBiases()
19
Save Reset
Log A
USlﬁé bpm:2014060l:gios—s:Haﬂ:22:full:lZamp.fl:s as static BPM
Using bpm_20140601_gmos-s_Ham_22_full_l12amp.fits as static BPM
Using bpm_20140601_gmos-s_Ham_22_full_l12amp.fits as static BPM
Using bpm_20140601_gmos-s_Ham_22_full_l2amp.fits as static BPM
PRIMITIVE: addVAR
Adding the read noise component of the variance
PRIMITIVE: overscanCorrect
PRIMITIVE: subtractOverscan
N

Bias Primitives Documentation

¢ Adding Primitives: Insert
p.primitive_name(optional_arguments)
at the required position in the recipe.

* Modify Parameters: Change the
arguments of any primitive to meet your
specific requirements. E.g.,
p.prepare(suffix="_test",
require_wcs=True)

« Interactive Mode: Note that the
following primitives have the argument
interactive:

o calculateSensitivity

o determineWavelengthSolution

o findApertures

© normalizeFlat

o skyCorrectFromSlit

© traceApertures
If you want to turn on the interactive tools
of DRAGONS, make sure to set the
interactive parameter for these primitives
whenever present in the recipe; e.g.,
p.determineWavelengthSolution(intera
ctive=True)

* Reorder Primitives: Move the primitives
to different positions to change the
execution order.

* Remove Primitives: Delete the entire
primitive line to remove from the recipe.

A list of all available primitives and parameters
for this observation type are below

ADUToElectrons v
addDQ v
addlllumMaskToDQ v
addMDF v
addObjectMaskToDQ v
addToList v
addVAR v
appendStream v
applyDQPlane v
associateSky v
biasCorrect v
checkWCS v
clearAllStreams v
clearStream v
combineSlices v
copylnputs v
correctBackgroundToReference v
darkCorrect v
dilateObjectMask v
display v
fixPixels v
flatCorrect v
flushPixels v

GS-2021A-DD-102-9.run-
20260320182734::makeProcessedBias

Reduction started.
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Analysis & Data Sharing

From reduced data to science-ready products

* Visualize data products (light
curves, spectra)

e Transfer data to Astro Data Lab

* Continue analysis in external
science platforms

Filename

Actions ~

Actions ~

View with JS9

Send to Astro Data Lab

ALCLUUINIS 7

Type

FITS File

FITS File

FITS File

FITS File

Observe Observations Manage Data Manage Groups Photometry Spectroscopy

Select and Plot Data Products

Use the table below to select data products. Note that only CSV files are supported. See
example of the format. Click the Plot button to add the selected data product to the plot.

@

4.00

2.00

1.00

Apparent Magnitude

0.00

1.0 '
9.00 0.00 1.00 2.00 3.00 4.00 5.00

Time (MID)

~i

Click on labels to edit text, and click directly on the end values of the x and y axes to adjust their

File Name

ANT2020affed4q/GEM/GS-2021A-DD-102-9/S20210220S0409.fits
ANT2020affed4q/GEM/GS-2021A-DD-102-9/S20210207S0130.fits
ANT2020affed4q/GEM/GS-2021A-DD-102-9/520210213S0060.fits
ANT2020affed4q/GEM/GS-2021A-DD-102-9/S20210207S0084 fits

ANT2020affe44q/GEM/GS-2021A-DD-102-9/S20210205S0079.fits

for an

.00

o

ranges

Actions

Plot

Plot

Plot

Plot

Plot



We exercised this entire workflow
end-to-end using Rubin alerts




We exercised this entire workflow
end-to-end using Rubin alerts
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End-to-end Rubin Demonstration

Successful stress test of the GOATS workflow

e Processed alerts from

ANTARES

* Jriggered follow-up

observations (Gemini,

SOAR, Blanco)

 Retrieved, reduced,
and visualized data

e Demonstrated full end-

to-end workflow

NSF-DOE
VERA C. RUBIN
OBSERVATORY

~
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Spectra
| Spectra

» From alert to science products in a single system
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INTER-AMERICAN
OBSERVATORY

Light Curves
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Lessons learned

 End-to-end workflows require
coordination across teams and
systems

e (Cl is essential for multi-service
pipelines

 Dedicated development and
sandbox environments are critical

* Full workflow testing is as e =
important as component testing GOATS / TOMToolkit workshop (2026)

» Integration is the primary challenge, not individual components

22



Discussion

How do we move from fragmented workflows to
responsive systems?

» How do we reduce the operation friction between alert ingestion and follow-up?

» What are the remaining gaps between systems?
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