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~ Changes detected in ONE Rubin image

Supernovae \\

Rubin will discover more exploding stars in its first

few months than we’ve found in all of history. 4
AR
& l. " X X
Other activity in space
Stars ripped apart in tidal disruption events?

~7200

Variable Stars
Rubin can spot stars that change in brightness

Explosions of light from colliding neutron stars?
Rubin will capture all kinds of surprises!

over timescales ranging from seconds to years. : ° ! * Ny o
. b 100

Solar System Objects

... and some images could have 10x as many

L ~70 -

Active Galactic Nuclei
Most large galaxies have central, supermassive

asteroids, comets, and more — depending on

where we look.
black holes, but these special ones are actively
ingesting material and/or varying in brightness.
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Rubin Generating Alerts  ara
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Processing at SLAC i

Goal is to
- generate alerts
~within 60
~ seconds of
- shutter closing

Discovering Our Universe Together



Alerts Stream to Brokers ir~e
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NOIRLab’s Comprehensive Time-Domain Ecosystem

We're bvuilding an automated, end-to-end platform
Users can focus on science, not process

ANTARES
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antares.noirlab.edu/loci/ANT2020af4oq © @ @] + E]
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e Actively processing Rubin alert stream and
Zwicky Transient Facility public stream

(]

ANT2020af40q v Lightcurve
ZTF IDs:

PY Bot h St reams toget h er o ZTFiBaamein passband:@g @R O @ ©i ©z Oy rcic: @3 14 @52 type: +mag +ulim +lim

o ZTF18adkblkq errors
Num. Alerts: 4610
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e Fulfilling Rubin internal “alert filtering 1 A I\ ;,\ ]
service” —Rubin Community Science Team %é‘i;‘-:‘g 3{;{,\: o
developing filters I 3 \3?‘5 ,‘%3; A ﬂ ¢

e Archive of alerts q ;ﬁ ??’ :’:ﬁﬁ z

e Web portal or programmatic (API) access ‘

. 400 59600 59800 60,000 60200 60,401
Time (MJD) Range: (2018-01-03 — 2026-07-05)

e ‘Instrument’ paper: Matheson et al. 2021 A

(astroph/2011.12385) [ [ole



https://arxiv.org/abs/2011.12385
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® (=] == Main Dashboard - Monitorir x + +
€« C M@ 25 console.cloud.google.com/monitoring/dashboards/builder/cdfc8e18-2ce0-43¢3-b176-b462d97631ea;startTime=2025-10-15T04:00:.. & ¥ D (R o
= GoogleCloud | 3 ANTARES Production Search (/) for resources, docs, products, and more Q_search + B Q@ °
pw  Observability . £
= g & Main Dashboard ~ M &% 3 & < @ Oct14,900PM-Oct27.7:59AM + MsT Q >

Monitoring

o Deployed on Google Cloud Platform = ™=

| Dashboards

Alerts Received Alert processing Delay by Topic Mean alert processing lag list antares/pipeline/alert_processi
@4  Application monitoring
= Filter Enter property nam¢ Ml = Filter Enter property nam: Il

Detect ~

o |
. o . W Metrics explorer . ‘ SR A peoker topie
o Flexibility of cloud hosting enabled - == | || =
®  Loganalyics : | o o 20251013, g ‘Jl
testing at scale—confident technical . == Kl Wl 000 oo e

@ antares pipeline alerts_receive ® 21f_20251012_programid

L] 40
solution can process LSST rate and g rins
Total alerts received Mean Alert Ingest Rate Documents indexed Mean alert processing lag Max alert processing lag

@  Error reporting

@ Uptimacheds 3.405M 3.164/s 3.883 Mzmmmmn
VO | u m e & Synthetic monitoring

«f SLOs
Configure ~

562.366 7.168 k

< Integrations

R ATTTRER VI VTV R YT .MM.MM.

o, Obse:
e s

bility Scopes
oduction

antares/pipeline/filters_run [SUM], Errors

@  Release Notes
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 Kubernetes-based deployment
(containerized)

e Kafka streaming (ANTARES client

provides a simple way to
interact with Kafka streams to
bring data to you)

* Google Bigtable and
ElasticSearch database systems

* Provenance tracking

* Open source software

https://gitlab.com/nsf-noirlab/csdc/antares/antares

Internal Systems

ANTARES Technology

User Interfaces

|

Kafka
server
from

Brokers
(e.g. ZTF)

Pipeline
Ll
workers

.4‘
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Sky-coordinate
lock database

Alert, Catalogs,
Watchlists & Locus
Database
(BigTable)

\ 4

«| Stamps
"] Bucket .
Kafka | Client
( ”| Cluster ~1  Library
Caches in
RAM ﬁ
Index Tom Toolkit
- workers
Mari¢iDB
Filters, Gravitational
wave & User data
(MariaDB)
P Search Index A
HTTP API (Elasticsearch)l | | W ¥ e
Servers
(Flask)
A P Web
o Browser
Frontend
Servers Filter Devkit
(Vue)




ANTARES adds value with
contextual information
from astronomical catalogs
and past history
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C @ % antares.noirlab.edu/catalogs i g 3
asassn_variable_catalog_v2_20190802
Allwise Id Amplitude Apass Bmag Apass Droid Apass Gpmag Apass Ipmag Apass Rpmag Apass Vma
J220715.43+2203184  0.4099999964237213 9797109 16.375999450683504 15.618000030517578

J231450.37+022756.2
J02230272-604319.2

J121129.32-310229.8

05199999809265137  17.042999267578125 17225150

0.8100000023841858 14.640000343322754 25992945

16.63800048828125

14.4119¢

)9702453613  14.11299991607666  14.20199966430664

15906999588012695 15967000007629395 16.2730007

14.2519998!

J140646.97-783022.9 0.36000001430511475 13.456Q0077874755Q 47402426  12.644000053405762 10.996999740600586 118070001t
french_post_starburst_gals

Dec Htm2o Id Original Id Ra Redshift
33125999450683504 17205656294854 g PSQ147750000043731808 0.004378799814730883

31.721799850463867 17206062083406 10 PSQ146060000400316736 0.04000050887766838

0.7523109012872314 17042607095303 100 SDSSspec1237657191979090176 0.3763990104198456 0.10586299747228622
42.26169967651367 17183614090955 1000 PSP158710035622414624 356225090124908447

30.48240089416504 17560168946606 10000 PSP144570308950500488 30.896099090576172

galex

AVASPDEC AVASPRA BAND CHKOBJTYPE CORV DECL DIFFFUV DIFFFUVDIST DIFFNUV DIFFNUVDIST E BV FEXPTIME FO\
495028745438 189.0968427354 1 0 & 493693477801 O 0 0 0 0.0146059 2451 05¢
330733646076 1676477548006 1 0 S 332943029235 O 0 0 o} 0.0326221 106.05 02;
40.8010756766 170472768146 1 0 © 405853719197 O 0 0 o} 0.0137943 105 05
90793403162  178.9820363788 1 0 C 90454373897 0O 0 0 0 0.0370001 119 014
427030416368 2121535449264 1 0 & 427795495568 0 0 0 o} 0.0129361 216 0.3¢

PS1StarGalaxvCatalod
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ANTARES Overview

o 2 D) (®  Q Search ANTARES

©  ANTARES - &% Slackbot

Home

<7 Upgrade Plan @ Messages  {J Add canvas  +

Users can upload watch lists with L2 N e

DMs Unreads /T.* Hit on watch list Legacy ANTARES Watch uist (a1auk Ciiannes: matieson)
Object: ASASSN-V_J034530.29+112330.2 (56.37619, 11.39172)

d i re Ct n Ot i fi Cat i O n Vi a S I a C k Of ‘ 0 'T:::;dll(i: Associated Locus ra= 56.37617723525786 dec= 11.391852659012685
activity

Activity

Drafts & sent Friday, February 28th ~
@ ANTARES 4PP 20:30
Channels ,'.gv * Hit on watch list Legacy ANTARES Watch List (Slack Channel: matheson)
bot-alerts-good Object: ASASSN-V_J033302.54+155430.3 (53.2606, 15.90841)
Associated Locus ra= 53.26025933675134 dec= 15.908303069693943

4

c29_dawd .
L ANTARES ApP 20:38 ¢ aesQ
* Hit on watch list Legacy ANTARES Watch List (Slack Channel: matheson)

Object: ASASSN-V_J020059.09+375808.5 (30.24621, 37.96903)

dev_alerts Associated Locus ra= 30.2462773730693 dec= 37.96895583604611

(@ andra

dev

For lists greater than ~1000, a
catalog is a more efficient choice

#
6
#
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errors_production Hit on watch list Legacy ANTARES Watch List (Slack Channel: matheson)
Object: ASASSN-V_J022338.42+310103.4 (35.91008, 31.0176)

filter errors Associated Locus ra= 35.91036118325124 dec= 31.01763939922425

# & D

filter_errors_production Hit on watch list Legacy ANTARES Watch List (Slack Channel: matheson)
Object: ASASSN-V_J022338.42+310103.4 (35.91008, 31.0176)

followup
Associated Locus ra= 35.910361155486854 dec= 31.017639465504473

gen

# D D

E B IS &

= <>

#

help
proposals-2019b
random + Aa ® @ ()

s-high_snr

o
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" . ANTARES Science

ASTRO
DATALAB

e Key science capability is filtering of alerts

InM31(dk. Filter
NAME in_n31

o Filters are Python code that use features

INPUT_LOCUS_PROPERTIES
‘ztf_object_id'

of alerts, from the survey or from our
annotation

e Users can contribute filters; tagged alerts
streamed directly to them

e Can be simple (brighter than 15th mag)
to complex (machine-learning light-curve
shape classifiers-e.g., LAISS, Superphot)

o Operated several classifiers for the
ELASTICC challenge

e Multi-messenger alerts automatically
generate tags for subsequent alerts

INPUT_ALERT_PROPERTIES
‘ztf_fid

+

ANTARES



"t ANTARES Science
ASTRO

DATALAB ANTARES

e0e testiltipynd - JupyterLad x + v

» 09

(&)
o

€ C () & gpi2.datalab.noirlab.edu/us

File Edt View Run Kemel Tabs Settings Help

* 4 n il ipyn ©
- BN . ¢ N

If . I . h B+ X000 » = C » Code v Python 3 (ANTARES 0.4)
. y u Ca n ert y u r a g rlt ] W Ca n o -/ import antares.devkit as dk
dk. init()
. . . Name - Last Modified
I l I l p I‘ l I I‘ nt It n OW W notebooks 9 months ago Loading ANTARES from /data®/sw/antares-kernel-@.4/1ib/python3.7/site-packages/ANTARES~1.9.0-py
* I notebooks-lat 9 months ago 3.7.eg9/antares/ __init__.py
° . W vospace 9 months ago _ o _ o
e Filters are stored on GitLab you control e S AN A AN I e
[ percent ori " FoNN | N W O I Y W
’ 3 percent_gnid 9 months ago PR Y N

testfitt.ipynb seconds ago I L\ -t
L] .
access and versionin normiey et
Connecting to Cassandra cluster...
Testing loading a random Locus with "dk.get_locus{)" ...

e Filter development environment on

Documentation:

NOIRLab’s Data Lab or on your own ) o SRS

d.properties

L) L] L]
machine with the ANTARES devkit e T, g, e ), e
’ t_alert_id': '2tf_candidate:1151122390515015008', ‘"brightest_alert_id': "ztf_candidate:1151122

390515015008°, ‘brightest_alert_sagnitude’: 19.775651931762695, 'brightest_alert_observation_t
ime': 58995,12239579996, 'mewest_alert_magnitude’: 19.775651931762695, 'newest_alert_observati

°
° on_time': 58905,12239579996, ‘oldest_alert_id "ztf_candidate:1151122390515015008°, ‘oldest_a
p S L] g I a [] CO l I I n S - lert_magnitude®: 19.775651931762695, 'oldest_alert_observation_time': 58985.12239579996))

ightcurve["ant_mag_corrected” ) (-1])

mag_corrected"] (1)

#np.ma.is_maske

noirlab/csdc/antares/devkit S

True

e General instructions, https://nsf- O TR S 7" Sy e
noirlab.gitlab.io/csdc/antares/devkit/learn
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Collaboration and Intgegration Tool

e Gemini Observation and Analysis of
Targets System

e A Target and Observation Manager
(TOM) specifically for interaction with
NOIRLab tools and services

e Based on Las Cumbres TOM Toolkit

e TOM functionality (collaboration,
observatlon trlgg;enng) as well as
mcorporat&on of da’ta reductlon tools
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https://goats.readthedocs.io/en/latest/index.html
https://goats.readthedocs.io/en/latest/index.html
https://goats.readthedocs.io/en/latest/index.html

TDA/MMA
Surveys
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Time-Domain Ecosystem
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rAlert broker
e.g., GOATS

ANTARES Portal

WA

ANTARES

. (N

powered by

LL®IH

—\

J
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toolto be data
developed connection to

be developed

Gemini
follow-up Gemini
via GPP Observatory
Archive
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GEMINI

Data
reduction
DRAGONS

.

DRAGONS+
data analysis




Follow-Up Network o=

Astronomical Event Observation Network
Telescopes joined by a common set of standards
for accessibility in triggering time-domain
observations o

Programmable interfaces

e Includes Gemini, SOAR, Blanco (NEWFIRM
~ now, DECam soon), Las Cumbres
Rubin in-kind contributions
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https://lco.global/aeon/
https://lco.global/aeon/

¥ (2" End to End Test with Rubin Alerts &=

+:.+ﬁa +
P |
GEMINI

..

. +
_aali—

. CERROTOLOLO

; NTER-AMERICAN OBSERVATORY

TELESCOPE

)
LN

VERA C.RUBIN

Full test of the the entlre NOIRLab
time-domain system from alert
generation through reduced data

All elements worked without any i
issues. Software systems ean *scale. |

Cas

Las Cumbres
Observatory



Targets ~

ANT2026qt|k3|54qua Observe Observations Manage Data Manage Groups Photometry = Spectroscopy S peCt ra fro m G e m i n i a n d

V4 o TNS Select and Plot Data Products

Deta"s Use the table below to select data products. Note that FITS and CSV files are supported. See for an example of the

| ]
format. Click the Plot button to add the selected data product to the plot. : ; OAI 2 a re re d l l ‘ e d l l S I I I
Names ANT2026qtlk3I54sfqga 2 . X 1

-+
314051320305156133 @

g ] ]
NOIRLab plpeln 1€S
Permissions PRIVATE 5 : %
8042 C T01:49:49 e ? : g d
Right Ascension 60.377671715
04:01:30.641

Declination -48.82199404

-48:49:19.18

18 objects across multiple
| Observatories and

Timestamp Magnitude

Flux (adu

No recent photometry.
Wavelength

Survey View

v |04 0130.641-48 49



, AURANS
NOIRLab’s Comprehensive Time-Domain Ecosystem

i Working now, try it for yourself




