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What is SAGUARO?
Searches After Gravitational waves Using ARizona
Observatories
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The Catalina Sky Survey (CSS)

CatauinA Y

Leveraging Wide Field Area Surveys for [

GW Follow-up

5 deg? field of view, 21.5 mag
depth

Designed to discover and track
Near- Earth Objects (NEO)
They provide calibrated
images

We perform image subtraction
and search for transients

For promising BNS/NSBH
events, we can override their
survey with a ranked list of
fields



What is SAGUARO (from a hot-wiring point of view)?
A Target and Observation Manager (TOM)

m I'I 7 SAGUARO Home Non , ;

TOM TOOLKIT &ésey LCé

. o Congratulations!! Welcome to SAGUARO! Latest Comments
* A Django Web Application Nicomments vet

(recall GOATS, Dan Avner’s talk, BHTOM/infrastructure talks in next session)
« Integrates all of our tools for
* receiving GW alerts

Latest Targets

« planning surveys ° erested
« scanning survey candidates Arzozene 2026:03-26
« vetting KNe candidates i 2026-03-26
e schedulin g follow u p AT2026hid 2026-03-26
+ visualizin g data AT2026hja 2026-03-26
e re portl ng resu Ilts AT2026hjb 2026-03-26
AT2026hic 2026-03-26
Lundquist+2019 AT2026hix 2026-03-26
Paterson+2021 AT2026hiy 2026-03-26

Hosseinzadeh+2024

AT2026hiz 2026-03-26

SAGUARO




Q  Search SAGUARO ©)

3t alerts-ns v Significant alerts with BNS > 1%, NSBH > 1%, or HasNS > 1% :a 15 63 v O Canvas

b

From GW alerts to triggering follow-up

An end-to-end workflow and case studies
1. GW Slack Alerts (ingest Kafka with SCIMMA Hopskotch)

GW Alerts APP 18:21
@channel

NSBH INITIAL v3
$240422ed (significant)
2024-04-22T721:35:13.417Z

1/FAR =102 kyr
Distance = 214 + 64 Mpc
50% Area = 103 deg’
90% Area = 403 deg?
Has NS = 100%

Has Mass Gap = 46%
Has Remnant = 100%
BNS = 0%

NSBH = 100%

BBH = 0%

Terrestrial = 0%

SAGUARO Hermes GraceDB Treasure Map o

GW Alerts APP 9:04 AM I —

SSM UPDATE v4
$251112cm (significant)

GraceDB BAYESTAR
Images

event ID: G617545
instruments: L1, H1, V1
distance: 96229 Mpc

0 169

Mpc

2025-11-12T715:18:45.3627

1/FAR = 6.2 yr Q”

Distance = 93 + 27 Mpc

50% Area = 371 deg’ “

90% Area = 1681 deg? 84 Mpc

Has NS = 0%

Has Mass Gap = 0%

Has SSM = 100% 20-
SAGUARO Hermes GraceDB Treasure Map

i

-60°

event ID: G617545
nnnnnnnnnnn V1, L1, HY
50% area: 369 deg®
90% area: 1,220 deg®
60°

7 -30°
‘?/‘%

—60°




Survey Plans for S251112cm Update 4

Event Type GW CBC 1/FAR 6.2 yr
Instrument H1+L1+V1 Distance 93 + 27 Mpc
50% Area 371deg? HasNS 0%

90% Area 1681 deg? HasSSM 100%

HasMassGap 0%

HasRemnant 0%

@ 11 51 25.08 +12 25 18.1

= 360.0° x 180.0°
«

1 A 3 » (101-200of 292)

m Submit CSS only observes fields requested on the same UT date. This page loaded at Mar 26 16:16 UT.

From GW alerts to triggering follow-up
An end-to-end workflow and case study
2. Survey Plans in GW localization

Grouping
# groups 4
# fields v

Just a click and it submits the plans to CSS scheduler!




Candidates for S251112cm

Event Type GW CBC 1/FAR 6.2yr
Instrument H1+L1+V1 Distance 93 + 27 Mpc
50% Area 371deg? HasNS 0%

90% Area 1681 deg? HasSSM 100%

HasMassGap 0%

HasRemnant 0%

@ 12357823739R+51819838:2

Obs.
Target Field Date

J11042938 N34064 11-14
+3433492

¢’S$251112cm

J11122393+3325198 N34064 11-14

¢’S$251112cm

From GW alerts to triggering follow-up
An end-to-end workflow and case study
3. Transient Candidates and Vetting

Bog. Image Reference Difference Scqr

0.02




From GW alerts to triggering follow-up: An end-to-end workflow and case study
3. Transient Candidates and Vetting + Reporting

J23080031-1029563 -

o L s ] o L e

e vt

Names J23080031-1029563
&S251112cm

Coords. 23:08:00.314  -10:29:56.29
347.001308 -10.498969

Galactic 62.296124 -60.523722

Ecliptic 343.958823 -4.543049

Classification
Redshift
MW E(B-V) 0.0273

Point Source Matches

QSO Match None
ASASSN Match None
Gaia Match None
PS1 match None

Minor Planet Match None

Minor Planet Date 2025-11-13

Candidates

Observations

Photometry

Apparent Magnitude

18

18.5

19

19.5

20

20.5

21

May 2025

Host Galaxies

Manage Data

Predetections for BNS/NSBH?
Very easy to rule out

Jun 2025

Photometry Spectroscopy Observe

Manage Groups

Check for new data

® SAGUARO pipeline Clear ¢ ATLAS c
ATLAS o ATLAS c limits
ATLAS o limits

Jul 2025

Aug 2025 Sep 2025 Oct 2025 Nov 2025 Dec 2025

S251112cm _5g

—19.5

—-19

—18.5

—-18

—-17.5

-17

—16.5

—-16

Absolute Magnitude




Bhagya Subrayan

i SAGUARO Home Nonlocalized Events~ Targets Surveys~ Alerts Observations~ Data Users From GW alerts to triggering
follow-up: An end-to-end
workflow and case study

4. Community Follow-up and

Awareness

(bsubraya)

AT20253ebp®

Candidates Host Galaxies Photometry Spectroscopy Observe ‘

Al ZUZOade [
mm Classify Observations Manage Data Manage Groups |
MPC = Vet .
€ hotometry . ‘ Check out pyMMT for ToO

Names  AT2025aebp ' observations with MMT

WFST-GW251113xrxq (Sh restha+2024)
PS25ikk + WFST (TNS) r-WFST % PS2 (TNS) i-P1 % PS2 (TNS) w-P1
ATLAS o ATLAS c limits ATLAS o limits
&S251112cm e
Coords. 10:37:03.154  +23:11:47.05
-17
159.263144 23.196404 19.5
Galactic  212.769514 59.428815
Ecliptic 152.089187 13.410379 -16.5
o 20 k)
2 2
Classification §* )
Redshift = -6 =
MW E(B-V) 0.0202 g 2% 5
[ o
Q %)
e : & <
Point Source Matc 155
21
Minor Planet Match None
Minor Planet Date 2025-11-27 { e
ASASSN Match None 213 {
Gaia Match None Nov 2 Novo  Novié  Nov23  Nov30 Dec 7 Dec 14 Treasure TROVE
2025
QSO Match None (Griffin’s talk)
PS1match None . .
Rastinejad+2022,
Photometry Data . o
Y Franz+2025, Vieira+2026
Recent Photometry
OJ Share  Timestamp Filter Magnitude S/N Source |

https://sand.as.arizona.edu/saguaro_tom/nonlocalizedevents/S251112cm/ {




SAGUARO in the Rubln Era as a, :

<] Reporting Discovery

Transient Alerts APP 3 alerts Feb 25th at 11:59 PM . = = Type  Groupls Date (UT)

ANT2026a9uldy8izz9q has been updated from the Antares alert stream. (20.4 mag) @channel SAGUARO,

The thieemost likely hostgslades are: o | 202175 SN 20266kt 12:30:49.857  +08:16:26.15 LA 20?6'92'25 SAGUARO_Bot1
1.0.155" from 10995203488885893 at 4678.9 Mpc : COUehzAI 0700:10.000
2.13.732" from 10995203488885822 at 612.1 Mpc ; BlackGEM

2026-02-25

3.108.034" from 10995203488884442 at 73.6 Mpc 202167 AT 2026ejx 10:01:07.335 = +02:44:47.74 SAGUARO p———— SAGUARO_Bot1

SAGUARO SNEx TNS = 2026-02-25

| 202165 AT 2026ejv 04:12:42.068 -47:23:31.47 SAGUARO SAGUARO_Bot1
07:00:10.000

. 2026-02-25
Transient Alerts APP 7 alerts Feb 25th at 11:59 PM | 202159 AT 2026ejp 04:06:01.044  -48:07:35.90 SAGUARO SAGUARO_Bot1

05:01:11.000
ANT2026m9%zv735xtjwk has been updated from the Antares alert stream. (22.8 mag) |
The three most likely host galaxies are: 202158 AT 2026ejo 10:01:40.588 =~ +03:40:57.05 SAGUARO 22_2;':21%(5)0 SAGUARO_Bot1
1. 0.097" from 10997406556506868 at 5663.8 Mpc —
2.5.292" from 10997406556506979 at 1700.8 Mpc 202156 AT 2026ejm 10:01:10.043  +02:24:59.89 SAGUARO §220610121§20 SAGUARO_Bot1
3.2.665" from 10997406556506822 at 4802.6 Mpc
: . SAGUARO, 2026-02-25
202152 AT 20266jj 03:57:40.907 = -49:42:53.84 SAGUARO_Bot1

SAGUARO SNEx TNS g . SGLF 01:39:57.000

: SAGUARO, 2026-02-25
202150 AT 2026ejh 03:49:00.055 -49:21:12.37 SAGUARO_Bot1
VHU-TDA 01:39:57.000

Transient Alerts APP # alerts Feb 25th at 11:59 PM ) 2026-02-25
ANT20260urxh905r123 has been updated from the Antares alert stream. (23.1 mag) | 202137 | SN 2026ejf CEREIAIE) || O Sl o139:57.000  SHGUARO Bott
The three most likely host galaxies are: ) SAGUARO, 2026-02-25
1.0.096" from 10997405536246166 at 7573.9 Mpc 202129 AT 2026ely 04941167 | 46:16:00.48 VHUTDA  ooitgs7opn  SHCUARO-BM
2.0.387" from 10997405536246159 at 4987.4 Mpc

3.10.358" from 10997405536245916 at 1325.6 Mpc
BT 10 Discovery TNS reports on day 1!




SAGUARO in the Rubln Era as Zan Exte{n5|ble TOM

Candidates Host Galaxies Photometry Spectroscopy Observe speetra
Observed Wavelength(A)

SN202¢ ji‘,
Observations Manage Data Manage Groups 3920 4410 4900 5390 5880 6370
MPC Vet e
Photometr ) Check for new data

+ LSST(ANTARES)g  + LSST(ANTARES)i  + LSST (ANTARES)r

ANT2026ndnbcecb1n5bi + + LSST (ANTARES) z ¢ ATLAScC ATLAS o
*  Rubin (TNS) g-LSST ATLAS c limits ATLAS o limits

SN2026ejf
313831458352922664

04:04:37.779  -48:30:07.25

61.157411 -48.502013 l.l 3
Galactic  256.195304  -47.208012 :
Ecliptic  36.270549 -66.641755 §3 # 5
] ‘}

Classification SLSN-I

Redshift 0.96
MW E(B-V) 0.0098

Apparent Magnitude
Absolute Magnitude

ek

I } 2000 2250 2500 2750 3000 3250

‘[ es

QSO Match None Rest Wavelength (A)

ASASSN Match None Spectroscopically classified as
Gaia Match None SLSN-I at 0.96

-16
PS1 match None

. Dec 28 Jan 11 Jan 25 Feb 8 Feb 22 Mar 8 Mar 22 Auto Zoom Binning factor: 1 rounded to nearest integer >1
Minor Planet Match  None m 9 ( ger >1)

2026
) Mouse hovers at WL: 2371.27 (rest),4647.69 (observed)
Minor Planet Date 2026-03-06




SAGUARUO in the Rubin Era as an
Extensible TOM
Catching infant supernovae (SNe)

Shadowing LSST with DECam

on nearby galaxy clusters (Dave’s talk)
Follow-up using AZ Observatories + PASSTA




UARO Home

Congratulations!! Welcome to SAGUARO! Latest Comments

No comments yet.

Latest Targets

ID Created

AT2026hkb 2026-03-27
AT2026hjz 2026-03-27
ANT2020ebis6 2026-03-27

ANT20262lga2w79ocew 2026-03-27

ANT2026ycgilwakjzng 2026-03-27

ANT2026wrgwuh92th2p 2026-03-27

ANT2020aeghmva 2026-03-27

ANT2026l0qukdpthx2e 2026-03-26

ANT2026tfliwhf3104f 2026-03-26

S AG U A RO ANT2026e5gw3lpictg? 2026-03-26




CCYAEVCEWEVEE

SAGUARO is a mature, end-to-end framewaork for rapid transient discovery,
vetting, and coordinated follow-up.

Built for GW counterpart searches, but broadly adaptable to time-domain
science.

The TOM infrastructure is modular and scalable, enabling new science
programs with minimal re-engineering.

Open Questions:

* What have we learned from existing alert streams and Rubin alerts?
* Are we ready for alerts from Roman and beyond?

* How do we optimize transient discovery with multi-wavelength and multi-
messenger alert streams?




