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0. WHY TRY AND COORDINATE OBSERVATIONS?



HOW DOING YOUR OWN THING WORKED FOR GW170817

skymap https://gracecb.ligo.org/zpi/supercvents/5231017k files

‘bayestar.multicrder fits,0

gracedb https://gracecb.ligo.org/superevents/5231017kb /view

EVENT KEYPAIRS =

Value

2.000005268911536404463

2023-1C-17T13:28:29 8377

greup

Slide Credit: Andy Howell



HOW DOING YOUR OWN THING WORKED FOR GW170817

skymap https://gracecb.ligo.org/zpi/supercvents/5231017k files

‘bayestar.multicrder fits,0

gracedb https://gracecb.ligo.org/superevents/5231017

EVENT KEYPAIRS =
Key Value
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1. Receive text alert 2. What?!1?

Slide Credit: Andy Howell



HOW DOING YOUR OWN THING WORKED FOR GW170817
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1. Receive text alert 2. What?!1?
3. Trigger approved resources by filling out

Phase Il forms

Slide Credit: Andy Howell



HOW DOING YOUR OWN THING WORKED FOR GW170817
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4. Look up other resources available.
Beg, plead, cajole for time. Form
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from dozens of sources.
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Slide Credit: Andy Howell



HOW DOING YOUR OWN THING WORKED FOR GW170817

-~ 4
<

A
b /D
Nty 5£3

15231077

Key

far

group

Telescope Schedule

A0 0A talsacops S mcus

[Semect ot o woes 1o S Thar axs S kkratc e

BocMoch)  best Mooh Pl rorsion

January 2019 - Boih Tels

some)

Sl Mo . ! LA

3 P 3 & A L e

A pimam Ly
o s Corany, [0, N it £t
PercoRayA rigeludoe )

. Gty J. Corany, 10|, Nt it

. Cooks Farm, fSeia] Prichand Vew
x
-

[
Thadir)
[
N WA e TIT) nearn
Ha, L. Cowte L]
.. N D Vet L]

Waws. (GT) Bbeved (CT) 3
Raphand b~ . Crem

M N Frec Son Les, Min

e ar 4 LU R T R

NN
MRIFTC
. Vet Whike Posoors, (0T )Wwe S Loa, A C2 % Al wCoNee

Starwer™ Coeper Calum, (JCECTM. Conper, 08 USGoG
Fillvpham LCH, Winberty (UCT) Rasiig
L.Cl

4. Look up other resources available.
Beg, plead, cajole for time. Form
collaborations. Gather information

from dozens of sources.

2. What

Faect a colection. ..
it WUDO RETE D RYUKC T

LLN -

Lt Vo
win

« Maywerd/Text Fita

Praduct Tyge

Miosion

nw

CA X

Tow i

» Inttrusent
MOSNT
L

wiCuwve

WECRLak

WIPLI

5. Download data from different archives

and reduce it.

and enter et

PRI

Pow Ex

- Lbim Von
Tetos Cople M
P

By -

t5

.."j

L

?217?

el -3 ]

tow Cowt

[PSey

Open Prev Btk Next A P

Observaton

" O CRACES thase N examg
1. Tempates

3 [1] GRACES

- Fegelt

Felge 64

® ts (Fegeth
.‘ll"'l.r.; Log
Component £ Seq

*

Reratos

Feige 66

or Istramert GRACES
ving Cond mons
- Targets (Fegetit
Observing Log
X Seguence

‘ 'l)n'

mage

Agply
% Gemini Multi-Object Spectrograph (North)

The CVOS North nstrussest s Configered mith This Ccomponent

Keapply

Fiter Mel CO320 Exposwre Time (sec

Disperser

CCD manefacturer
Position Angle

Foeed

CCD Readost

NuTor

MOS pre-imaging Use Nod & Shufle

E2V

Focal Mane Unin

® Bult-in

Custom Mask MODF

St Width

Transhation Stage ReQuons of imerest | 1SS Port

Full Frame Readout Custom ROIs

L C L) Xrange

X 5.5 imaging FOV 2172 3 1500

Central Spectram: spectroncopy of central 757 1K

Central Stamp: 22" x Imaging FOV

® Custom RO

3. Trigger approved resources by filling out

Phase Il forms

Slide Credit: Andy Howell



HOW DOING YOUR OWN THING WORKED FOR GW170817
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Hosseinzaceh, S. Vasylyev (UCSE/Las
(IAU), L.P. Si:iger [NASA/GSFC), S.
. Kasen, J. Barnes (UC B ley) and

W=f. Peng (DA) report == independent detection of the pos=ible optical

counterpart reported by Coulter et zl.

(LVC GCH 21529), Crornock st al.

(LYC GCN 21530), Velenti et al. (LVC GCH 21531) end Nelancri =t al. (LVC

GCR 21532).

Irn the course of Trs Comhres Obse-vetory galaxy=targeted LTGO followup we
observed NGC 4993 from cne of our _-weter telescopes it the Carro Tololc
Inter-American Observatory in Chile. An imaging S-minute exposare starting
ab 2017-08-18 CO0:15:23 UT Ll the w (=g=r+l) [ilter clearly shows Lhe
cand_daze.

Analyeis of the image is oncoiny and fellowup is planned when the field
bescones visible to our Ciding Sp-ing telescopes =tarting at 2017-00-10

0E:32 UT
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Slide Credit: Andy Howell



IF WE FIND ONE, THE NATURAL FIRST QUESTION IS CAN WE FIND MORE

GW190814 . e
 GW190475 » Hard work - need to know survey pointings over

—— 5190426¢ the localization region, what detections are,
5190901ap

which of those aren’t artifacts, report candidates,
hope some get spectroscopy, get more
photometry from around the world, and then hit
the jackpot

» Groups like ZTF have done this, here for 4/13
events analyzed from O3 from Kasliwal, Anand,
Ahmuda et al. (2020)
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» Hard work - need to know survey pointings over

the localization region, what detections are,
which of those aren’t artifacts, report candidates,
hope some get spectroscopy, get more
photometry from around the world, and then hit
the jackpot

Groups like ZTF have done this, here for 4/13

events analyzed from O3 from Kasliwal, Anand,
Ahmuda et al. (2020)

The resources dedicated to this search are
staggering - from just ZTF: a 47 sq deg camera
tiling the sky for several nights every year to

r~21 mag. But also DECAM, LCO, Magellan, PS1

+ space-based facilities - here from Coulter et
al. (2020)



AND AFTER ALL THAT. ...

2,116,846 ZTF alertsinside 13 GW event localizations within 3 days of merger
-

2199 ZTF candidates selected by multi-step machine learning

(presented for human vetting)

-
127 ZTF candidates selected and announced
v
70 remaining after follow-up spectroscopy
(Keck, GTC, Gemini, P200, LDT, SALT, APO, HCT, LT)

-

14 remaining after follow-up photometry

(LT, LCO, KPED, GIT, LOT, P60, P200, Gemini, Keck,
GTC, LDT, APO, Swift)

-

0 remaining after new GW map/archival
analysis/detailed inspection

-

0 kilonovae
Kasliwal, Anand, Ahmuda et al. 2020



THIS IS A NON-DETECTION



THIS IS A NON-DETECTION

BUT IT'S A VERY SIGNIFICANT NON-DETECTION



MMA EVENTS ARE RARE, FAINT, FAST, AND LVK ISN'T SEARCHING A VERY LARGE VOLUME
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merger

masses .
distance

U

01 £\ | |

00 ““ \A 1 ) L d e | I

3000 4000 5000 6000 7000 8000 9000 10000 11000
Wavelength [Angstrom]

A\
000000

LVK Passband Survey mag Kilonova

Detectable? transmission threshold

Sample / ‘:,' WEBB DECam
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@ @ SciPy ﬁ
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and treat SEDs P

Shah et al., 2023 (UIUC -> Northwestern)



Shah et al., 2023
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If we do not coordinate, we will miss the second BNS merger.

Shah et al., 2023
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THIS HAS ALREADY HAPPENED 0 567127 113,09

MJD 58712.97 T+3.09 days
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Data from Curtis McCully using The Gravitational Wave Treasure Map https://treasuremap.space/ (Wyatt et al. 2020)
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THIS WAS A FAILURE TO COORDINATE




THIS WAS A FAILURE TO COORDINATE

BUT I'M NOT BLAMING ANYONE




THIS WAS A FAILURE TO COORDINATE

BUT I'M NOT BLAMING ANYONE

EVERY TOOL WE HAD IN 2017 WAS A ONE-
WAY STREET - EVERY FACILITY 1S SILOED



1. COORDINATION TAKES INFRASTRUCTURE




PUB/SUB:
WE NEED A ROBUST WAY 10

BUILD A NETWORK BETWEEN SURVEYS/
EXPERIMENTS AND THE USER
COMMUNITY




MAKING MISSION-CRITICAL COMMUNICATION ROBUST 1

ckilpatrick

foley found something
sending you a screenshot

foley «

wow!

davecoulter

ckilpatrick

template

ckilpatrick -

m Screen Shot 2017-08-17 at 4.59.27 PM.png ~

Slack messages from R. Foley’s Group
- - for AT2017gfo discovery



KEY COMPONENTS OF THE ECOSYSTEM: MESSAGING

is an pub-sub system with identity and access management

Use your own institutional sign-in (or ORCiD) with ClLogon to sign up:

Public “topics” including LVK alerts in O4, AMON, GCN (over Kafka!),
lceCube, SNEWS - get DOls for discovery messages

Private “topics” are fine too - you have to join the appropriate group

Cloud-based on AWS - highly scalable (< 1s latency for us to process
messages through Run O4) - or stand up your own instance for your
project - works with small or large experiments

Granular permissions control, an easy-to-use , all open-

source

Designed to handle high volume, high throughput streams for big

surveys and experiments -
e.g. all of IGWN Alert:

Scimma-Alert-Bot APP 4:1% AM

& Alert Type: EARLYWARNING

Superevent |ID: $230918aq
Group: CBC

Event Time: 2023-09-181711:19:41.1627
Alert Time: 2023-09-18T11:19:36Z

FAR [1/yr]: 1.7098958325494311
Detectors: ['H1' 'L1']

Terrestrial : 0.209

BNS: 0.791

NSBH: 0.000

BBH: 0.000

Has NS: 1.000

Has Remnant: 1.000

Has Mass Gap: 0.000

Distance (Mean): 118.825 +/- 45.273 Mpc

Distance modulus: 35.375

Join related channel:

|
(114 kB)

avant 1L GA8852
50% wrew, 3,162 duy”
90%: area’ 11 509 dag®



https://scimma.org/hopskotch
https://hop.scimma.org/
https://github.com/scimma/hop-client
https://rtd.igwn.org/projects/userguide/en/v17.1/tutorial/receiving/scimma.html
https://rtd.igwn.org/projects/userguide/en/v17.1/tutorial/receiving/scimma.html
https://rtd.igwn.org/projects/userguide/en/v17.1/tutorial/receiving/scimma.html

G O B &2 htips://my.hop.scimma.org/h | 150% Sy 57

@ SCIMMA Auth Current user: Gautham Narayan (gsn@illinois.edu) = Log out
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gch.notice GCN Notices, wrapped in JSON public
hermes.astrometry Target astrometry data public
hermes.discovery New target discoveries public

hermes.message HERMES formatted messages that don't fit in other public
topics

hermes.photometry Target photometry data public
hermes.spectroscopy Target classifications our spectroscopy data public
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BROKERS:

IF YOU CAN COMMUNICATE MESSAGES
ABOUT TARGETS, YOU CAN
CHARACTERIZE, CLASSIFY AND FILTER
THOSE TARGETS




W H AT I S A N TA R E S Monika Soraisam, Ryan Lau, Nicolas Esquivel, Sebastian Vincenzo (NOIRLab), Patrick Aleo
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otential Aggregator of Alerts
from Multiple Sources

ANTARES

Annotation
Characterization
| Ranking
Distribution

|
|
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|
|
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£

Community
Input

Alternate
Brokers

* ANTARES manages alert streams, adding

Classifcation] o JOVS& contextual information, characterizing events,
'\‘ Distribution Brokers . . . .
! — ranking & distributing (Pl Tom Matheson)
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\‘\\ / / Investigators
Manually
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System Data Flow >
Info to/from Investigators
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https://antares.noirlab.edu/

W H AT I S A N TA R E S Monika Soraisam, Ryan Lau, Nicolas Esquivel, Sebastian Vincenzo (NOIRLab), Patrick Aleo
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W H AT I S A N TA R E S Monika Soraisam, Ryan Lau, Nicolas Esquivel, Sebastian Vincenzo (NOIRLab), Patrick Aleo
(UIUC->Kansas National Security Center), Kostya Malanchev (CMU/LINCC)
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WHAT IS ANTARES

 Built with modern technologies, K8s, « - o i XTI

(GCP), provenance tracking, open-
source

* Flexibility of cloud hosting enables
testing at Rubin scale, large archival

catalogs, complex search, custom
filters...

Ill

e Fulfilling Rubin internal “alert
filtering service” - was always
designed with a view to working
with NASA missions too.

e 'Concept’ paper: Narayan et al. ApJS
2018 (arXiv:1801.0/32) 'Instrument’
paper: Matheson et al. AJ, 2021
(arXiv 2011.12385)




AANTAR ES

Explore

Active Filters >— Showing1-40f4 25 % « | o« .
X Latest alert after MJD 59382.34 D ZTF ID 4 RA 4 Dec# Latest Mag# Brightest Mag#4 # Alerts+ Latest Alert $ First Alert -
X First alert after MJD 59382 34 ANT202106f76 ZTF2iabhotwz 2868 2733 18.39 18.39 2 2021-06-19 111556 2021-06-19 11:12 58
X Catalogs: veron_agn_qso ANTz021qq4ls  ZTF18abkxozh 28230 7055 18.69 8.609 1 2021-06-18 051408 2021-06-18 051408
ANTz2021qgh76 ZTF18aaqdill 19550 2778 19.07 19.07 1 2021-0€-18 04.42:25 2021-0€-18 04 42:25
Number of Measurements
ANT2021gp2bk ZTF1gabahor) 4870 42.04 18.74 1874 1 2021-06-17 11:115:00 2021-06-17 1111500
1 2
Cone Search
Center. | Enter a coordinate string You can think of ANTARES as a search engine for astrophysical variabilityYou
Redlus: | 1 arcsec ¢ can conesearch, cross-match against large list of existing catalogs
Catalogs https://antares.noirlab.edu/catalogs

veron_agn_dgso (4)

2mass_xsc (3 Even require objects that have “tags” attached to them
Srane el https://antares.noirlab.edu/tags

allwise (2)

bright_guide_star_cat (2)

ned (2) Or create a private watch list to monitor activity for your own sources
RC3 (1) . .
qeia_dr 1) https://antares.noirlab.edu/watch-lists

nyu_valueadded_gals (1)

sclss_gals (1)


https://antares.noirlab.edu/catalogs
https://antares.noirlab.edu/tags
https://antares.noirlab.edu/watch-lists
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FILTERS CREATE LATENT SPACES, YOU DEFINE DISTANCE METRICS

—-20 0 20 40 60

I I
80 100 120

REF: ZTF21laaublej, d=0 ANN=3: ZTF20abqaqgv, d=45 .  ANN=6: ZTF20aczgoml, d=46 7 TE21aaublei 7 TFE21abbkefe 7 TF21aafeli
¢ 2021ixf, SN Ia, z=0.041 2020gqgn, SN Ia, z=0.045 " 2020adis, SN Ia-91T-like, z=0.045
ANN=1: ZTF21abbkefe, d=40 . ANN=4: ZTF2labsvlrr, d=45 ANN=7: ZTF21abrxoir, d=47
2021mid, SN Ia, z=0.042 © 2021vtq, SN Ia, z=0.021 2021vju, SN Ia, z=0.027
ANN=2: ZTF2laafgljq, d=44 . ANN=5: ZTF20acucbek, d=46 ANN=8: ZTF21abqsysj, d=47
2021ars, SN Ia, z=0.05 ~ 2020abcl, SN Ia, z=0.039 2021vpv, SN Ia-91T-like, z=0.04
O -
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* ANT2025utyzppwyovkp 3

(14 kB) =

w .

TNS Name: 2025ax
TNS Redshift: ---
Declination: 46.23 deg

Host Name: $908000000000000.0
Host Redshift: 0.06795

Host Absmag: -19.77

High Host Confidence: True

Superphot Plus Prob: 0.489

Superphot Plus Class Without Redshift:

SN la

Superphot Plus Classifier:
early_lightgbm_02_ 2025
Superphot Non la Prob: 0.932
Peak Abs Mag: -19.24

A B L B

Yesterday ~

TNS Spec. Class: ---
RA: 281.1 deg
Peak Mag: 18.19, 2.325 days ago

Best Host Catalog: decals
Host Sep Arcsec: 6.096
Host Prob: 0.9974

Superphot Plus Class: SLSN-|
Superphot Plus Prob Without Redshift:
0.411

Superphot Plus Sampler: svi

Nuclear: False

vav5084 marked this event as relevant. gnarayan marked this event as relevant.



In [69]:

In [64]:

REAL-TIME FOLLOWUP FROM ANTARES WITH TOMS

from antares_client.search import get_by id, get_by ztf _object_id
#get locus by ANTARES ID
locus = get_by_id("ANT2018c7igm")

#get locus by ZTF ID
#locus = get_by ztf id("ZTF18abhjrcf")

print(locus.locus_id, locus.ra, locus.dec)

import os
os.environ["DJANGO ALLOW ASYNC UNSAFE"] = "true"
from tom_targets.models import Target

t = Target.objects.create(name=1locus. locus_id, type='SIDEREAL', ra=locus.ra,

ANT2018c7igm 280.6927190683333 -12.904117143333334

from tom_observations.facilities.lco import LCOFacility, LCOBaseObservationﬁ
target = Target.objects.get(name=1ocus. locus_id)

form = LCOBaseObservationForm({
‘name’: 'Programmatic Observation',
‘proposal’: 'TOM2020A-012',
"1pp_value': 1.85,
'start': '2020-10-09T00:00:00",
‘end': '2020-10-10T00:00:00°',
'filter': 'R',
‘instrument_type': '1IM@-SCICAM-SINISTRO',
'exposure_count': 1,
‘exposure_time': 20,
‘max_airmass': 4.0,
‘observation_mode': 'RAPID _RESPONSE’',
'target_id': target.id,
'facility': 'LCO'

)

@ tom.antares.noirlab.edu

" TOM Toolkit | Query a Broker

| 1™ TOM Toolkit

ANTARES Query Form

Query name*

Users can query objects in the ANTARES database using one of the following three methods: 1. an object ID by ZTF, 2. a
simple query form with constraints of object brightness, position, and associated tag, 3. an advanced query with Elastic
Search syntax.

Query by object name

ZTF object ID

ZTF object id, e.g. ZTF19aapreis

Simple query form

Alert timing
Min date of alert detection Max date of alert detection

Date (MJD) Date (MJD)

Number of measurements

Detections Lower Detections Upper

Min num ber of measurements Max number of measurements

Brightness of the latest alert

Min magnitude of the latest alert Max magnitude of the latest alert

Min Magnitude Max Magnitude

S ——————————

Convince a TAC to give you time
Find object of interest in the stream

Create a followup observation request and submit



TREASURE MAP - HOPSKOTCH INTEGRATION

Wyatt et al. 2020, ApJ, 894, 127

Gravitational Wave Localization and Pointings: S190426¢ [GraceDB]

Preliminary Initial Update Update 1 Update 2
2019-04-26 15:47:06 2019-04-26 15:53:09 2019-04-26 16:28:42 2019-04-27 11:52:26 2019-04-27 11:08:09

J2000d [ 330./90(7707 +55.6571436

"4

»
Follow-Up

t n m Instruments

M Swift/XRT
W Swift/UVOT
GOTO-4

ﬂ m GRB Coverage

B Fermi/GBM
M Fermi/LAT

Sources

n a Galaxies
n m XRT Sources

u @ SCIMMA XRT Sources

&

FoV: 174.59°

Pointing Status All

Date range (days since Time of Signal):



https://treasuremap.space

NOTICES:

IF YOU CAN OBSERVE TARGETS, YOU CAN
COMMUNICATE THE RESULTS OF YOUR FOLLOW-
UP T0 EVERYONE IN REAL-TIME IN A MACHINE
READABLE WAY



HERMES: MESSAGING FROM YOUR BROWSER

HERMES: Hopskotch-enabled
Realtime Message Exchange Service

Submission Form APl View Text View

Title: ' A nifty new supernova

Where Hopskotch serves big groups, [T uthors: | Gautham Narayan
Hermes serves users and small teams
working on follow-up

Targets

Name RA Dec

0 SN2023oct 08:56:11.620 -03:19:32.05

Nothing to install -
use your SCIMMA
credentials and you are ready to go

Photometry

Target Observation Date Telescope Instrument Band

0 SN20230ci = @ 10/17/2023 CTIO4m DECam r

one stop shop to submit a discovery

Spectroscopy

Spectroscopy Datum 0 Target:©  SN20230ct

Messages are human-readable AND
machine-parseable, all form fields are
validated, neat API

Flux: 10 Error: 0

Brightness

Obs Date: ’

Wavelength:

Flux Units:  orgq/s/cm2/A 2 Wavelength A B Flux Type:

Topic: ' hermes.message

New

Discovery

o B

10/17/2023

5500

Submit to TNS

© ) Submit to GCN

5] & %



https://hermes.lco.global/
https://hermes.lco.global/

Ké HERMES

igwn.gwalert X

v TIMESTAMP
2 days ago
2 days ago
2 days ago
2 days ago
2 days ago
2 days ago
2 days ago
2 days ago
2 days ago

2 days ago

Browse

TOPIC

igwn.gwalert
igwn.gwalert
igwn.gwalert
igwn.gwalert
igwn.gwalert
igwn.gwalert
igwn.gwalert
igwn.gwalert
igwn.gwalert

igwn.gwalert

« ( 2 3 4 ’

»

v %{ Search Terms

v TITLE

$240104bl - UPDATE
S240104bl - INITIAL
5240104bl - PRELIMINARY
S240104bl - PRELIMINARY
5240104a0 - PRELIMINARY
$240104a0 - PRELIMINARY
S$240104ah - PRELIMINARY
5240104ah - PRELIMINARY
$240104ae - PRELIMINARY

5240104ae - PRELIMINARY

+ SUBMITTER

cody.messick-30d512c8
cody.messick-30d512¢8
cody.messick-30d512c8
cody.messick-30d512c8
cody.messick-30d512c8
cody.messick-30d512c8
cody.messick-30d512c¢8
cody.messick-30d512c8
cody.messick-30d512c8

cody.messick-30d512c8

Show: 10

1

S5240104bl - INITIAL

Message |ID: cé6flcc/a [f
Superevent Messages: $S240104bl

URLS KEYPAIRS =

Key Value

skymap https://gracedb.ligo.org/api/superevents/S240104bl/files

/bayestar.multiorder.fits, 1

gracedb https://gracedb.ligo.org/superevents/S240104bl/view/

EVENT KEYPAIRS =

Key Value
far 3.554967487258808e-17




X‘ HERMES row Submit Message

Submission Form APl View Text View
SUBMIT TO TNS AND GCN - 1 stop shop
Title:  AT2024argh associated with GW2024 fopic: | hermes.test ¢
Event ID: " | 5240104bl Authors:  Gaytham Narayan, Amanda Wasserman, Your Favortite Person g @ Submit to TNS
; % @) Submitto GCN &

o cap

DATA IS VALIDATED!
Name RA i TR RN PRSP cvery
0 AT2024argh 230.15 & | 9534 O ] : 3
Photometry 3
Target Observation Date Telescope Instrument Band Brightness Units Error UPLOAD CSV FILES WITH DATA

0 AT2024arg ¢ @ 01/05/2024 CTIO 4m = DECam r 21.3 ABmag <+ 0.2



Multimessenger
Trigger

A Space-based
Followup

M ¢/<2, 1AU Transient Name
Server

https://hop.scimma.org/
https://github.com/
scimma/hop-client

THE GRAVITATIONAL WAVE
TREASURE MAP
.. HOPSKOTCH AESN
Streaming
A —0- TOl
Streaming &
Filtering
ARCHIVE &
HERMES DATABASE
AN https://hermes.lco.global/ {
w == VERA C.RUBIN
r _,\EOBSERVATORY | L Reactive
1 -\ o User Interface -
! . Sharing Realtime
Observatories Live Alerts S Follows
& Surveys & Notifications 4 — '< P



https://hermes.lco.global/
https://hop.scimma.org/
https://github.com/scimma/hop-client
https://github.com/scimma/hop-client

2. COORDINATION TARES POLICY



OBSERVAIORY STATUS
IF INDIVIDUAL OBSERVERS CAN COMMUNICATE,

FACILITIES QUGHT TO COMMUNICATE THEIR
CURRENT STATUS




Bad Weather Sunup Downtime Calibration Failed QObserved Visible

heroic.scimma.org/summary?ra=122.689&dec=-26.59198begin=2024-05-09&end=2024-05-11 - . - - . Window

LVK Sensitivities:
RA: 122.689 deg
175 A e A E
150 | u "N I mﬂw:\- ' MV“C::F"'NA-"
- W A w
Dec: -26.5919 deg .
R e e e IR EE S
e 2024-05-09 13:00:00
- H1 157 :
Start: 2024-05-09 : e et e —_— e ———} e——— = L] a——
* - V1 519 §
25
Pl: John Doe 05/03 00:00 05/04 00:00 05/05 00:00 05/06 00:00 05/07 00:00 05/08 00:00 05/08 00:00
End: 2024-05-11 Date: 2024-05-09 = Hl = LT = Vi

Band: r (60 sec exposure)
Avg Seeing: 1.3”
Limiting mag: 22.5

— —

SN -

CTIO - SOAR I

McDonald - GMT -

0 Add Telescope

CTIO - Blanco

May 9, 2024



HOPSKOTCH ! !

« HEROIC

User Interface

A=

\

ARCHIVE &
DATABASE

¥
REST )

VERA C.RUBIN API

Observatories s =N SINGLE FACILITY STATUS MULTI FACILITY SUMMARY Individual Scientists
& Experiments = &TELEMETRY STREAMS ad .|| TABLES AND VISUALIZATIONS & Teams




ARCHIVES

IF OBSERVATORIES CAN SHARE CURRENT AND
PLANNED STATUS, THEY OUGHT TO SHARE
RECORDS FOR PAST OBSERVATIONS



‘,‘ e

o . . po— / y . ‘
Open Supentoga Catalog .
 Cotclog | About | Conribute | Derivoions | stasics | Dowrioad | sibiogrophy

BVRI LCs added for SN2012ap htips://t.co/Mpaavél8ZP - v

APIS TO ARCHIVES

Our archives are static - you login, do a
cone search, get a list of FITS files (or

¥ Astro Catalogs @AstroCatalogs 6 hours ago
m aybe Cata I Og S) th at yo u d own I Oa d an d We obtained an optical spectrum (range 370-845 nm) of SN 2016fbz(= Gaialébbi),on UT Aug.27.6 2016 with the 2.16-m... hitps://t co/rOwBWrnT5] - 21 v
¥ ATel @astronomerstel 11 hours ago

then process on your own

Welcome to the open supernova catalog! The goal of this catalog is to act as a centralized, open repository for supernova metadata, light curves, and
spectra. The data on this page is scraped from various supernova data repositories, both defunct and active, and from individual papers that have published
their data in machine-readable form. If you use this data, please reference the cited sources of that data. We'd also appreciate if you referenced the paper

But given a new alert from LVK, | want to
identify any source in the high probability
region, get Rubin pixels, get photometry
even if the source never had a significant

describing this catalog. Thanks!

The table below is auto-updated from a GitHub repository which encodes the data on each event as a series of ASCII files in JSON format. The entirety of the

data available for any supernova can be downloaded by clicking the [#|icon in the Data column. If you would like to contribute data yourself, please visit

our contribute page. If you are aware of a source of data that is already available either online or in the literature, please add the source of data to our to do

list. If you spot any mistakes, please create o new issue on our GitHub issue tracking page, or contact us via e-mail.

alert in the past

All observations - i.e. LVK too - enable sub-

threshold searches on Optlcal detected O |SN1987A | 1987/02/24 | 4.53 @) M 05:35:28.020 |-69:16:11.07 |9.51e06 | Il Pec ‘| 3332 | 36 &/
sources O [ SN2011fe 2011/08/24 | 9.893 @)| NGC 5457 ‘14:03:05.711 +54:16:25.22 | 0.000804 la ju| 2735 @ 85 ||.: ¥
O | SN2003dh  |2003/03/31 | 14.64 @) A104450+2131 | 10:44:5001 |+21:31:17.8  |0.1685 lc BL iy | 2687 |55 13 |/

. . O [sN1993) 1993/03/28 | 10.77 @) NGC 3031 09:55:24.7747 | +69:01:13.702 | -0.000113 | Iib 1815 |EH 50 3|/

We need an archive of observations for O [SN20020p | 2002/01/29 |12.72 @)|NGC 628 01:36:23.85 |+15:45:13.2 |0.002108 |IcBL A 1781 |FR 39 &
MMA, - or more broadly programmatic O|sN2009ip  |2009/08/26 |13.73 ®| NGC 7259 22:23:08.26 |-28:56:52.4 | 0.005944 | lIn | 1569 |FR 237 3|/
Il historical data even more ( 5 O |SN2000ex | 2000/07/17 |13.39 @)| NGC 524 01:24:46.19  |+09:30:31.3 | 0.007929 | la Pec 1| 1300 | EES: 3| ./

access tO a O [ SN1999em 1999/10/29 | 13.48 @) NGC 1637 04:41:27.04 |-02:51:45.2 0.00223 1P il 1172 g 70 ¥
yea FS) O | sN2011dh  [2011/06/01 | 13.32 @)| NGC 5194 13:30:05.1055 | +47:10:10.922 | 0.001638 lb el 1122 |E=H 78 3|
O [SN1999ee | 1999/10/07 | 14.93 @) 1Cc 5179 22:16:09.40 |-36:50:31.5 | 0.01141 la M| 102 | 26 3|/

That will not happen unless it is
mandated by the agencies

} Select all

Show 10

+ eniries

Deselect all \ Column visibiliiy ‘ ‘ Export selected to CSV

Previous | 1 ] 2

3

Search:

5

§ Phot.

Showing 1 to 10 of 36,503 entries

Last modified August 29 2016, 02:08:34 [UTC].

Previous \ ] { 2

S

3651

Next




BLAST DEMO

https://blast.scimma.org/

David Jones (Hawaii)
Spectral Energy Distribution

Global aperture 2.28 Report
photometry Global  Local
Validate local 0.0 Report
photometry
2024byg Jownload Best-Fit Model
Validate global 7.75 Heport
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COORDINATION NEEDS PEOPLE TALKING

OpenMMA is joint slack for all groups, liaisons '
between SCIMMA and surveys (e.g. LVK, PUbllC AlertS as of 19 February 2025

lceCube, Rubin, etc) so users have a channel to

S 01+02+03 = 90, O4a* = 81, 04b* = 105, O4c* = 9, Total = 285
* Q4a, O4b, and O4c entries are preliminary candidates found online.
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04 Significant Detection Candidates: 195 (216 Total - 21 Retracted)
04 Low Significance Detection Candidates: 3483 (Total)
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COORDINATION NEEDS PEOPLE TALKING

OpenMMA is joint slack for all groups, liaisons

between SCIMMA and surveys (e.g. LVK, Pllbllc AlertS as of 19 February 2025
lceCube, Rubin, etc) so users have a channel to

provide feedback, ask questions, help each 5250206dm

other o GW compact binary merger candidate

o 2025-02-06 21:25:30.439 UTC (GPS time: 1422912348.439)
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MMA has different cultures, different groups

that have spent decades competing for science,
funding etc.

NSBH
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Terrestrial o

BBH | 0%

HasMassGap = 35%
HasNS > 99%
HasRemant = 13%

C GraceDB event page:
° acedb.ligo.org /superevents/S250206dm
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Astrophysics generally does not reward infrastructure development with TT faculty jobs
It also is failing to reward infrastructure development with what | think is minimal
We need cross-facility, cross-nation coordination for much more than MMA!

e.g. Euclid + Roman + Rubin to deblend the static sky and make the largest source catalog in
astrophysics, radio + UVOIR followup of FRBs or multi-mission followup of exoplanets

This needs cross-facility infrastructure

This is not just give proposal teams a bit of a bonus on “A2 Major Strength” for synergy, it's
making the entire proposal conceive of science it can do in a multi-facility context.

But fundamentally, there’s no mechanism for cross-agency funding.

Coordination is a technical challenge.
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VISION FOR GRAVITATIONAL WAVE FOLLOWUP OF THE FUTURE
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INFERENCE AT RUBIN SCALE

» While we might only have ~20 MMA alerts in O5, we'll have
thousands of BBH alerts

» e.g.fun science question is “What is beyond GR?"
» this is why there’s an Einstein Telescope

» waveforms for CBC from post-Einsteinian theories are
expensive - can't do matched filter searches and inferenc.
with each theory separately

» Train a NN to encode all post-Einsteinian models in a

continuous latent, space, and do inference with that instead
(Xie et al., 2024, PRD)

» Take all GWTC-3 and do hierarchical inference with neural
network to look for support for pPN models.
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» Train a NN to encode all post-Einsteinian models in a

continuous latent, space, and do inference with that instead ERRRTE T
(Xie et al., 2024, PRD)

FIG. 5. Latent space angular parametrization learned by
the VAE. (a) shows the representation of ppE theories (given

. . . . by the encoder mean) in the latent space. Ohserve that each

} Ta ke a I I GWTC'3 an d d O h lera rCh ICa I | nfe rence Wlth neura I ppE index maps to a radial line. Different indices are sepa-
rated, and are put in order in the latent space. (b) overlays

N etWO rk to IOO k fo r su p po rt fo r p P N m Od e | S. the shape functions g;eneratged from a grid of the latent space
polar angles separated by 1”. Observe that these shape func-

tions form a continuous band, confirming that the learned
npl angular paramctrization is continuous.
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TAKEAWAYS

Intra-agency coordination - needs infrastructure, community, and policy (aka funding)

The infrastructure is happening - TOMs, pub-sub systems, marshals, name servers, bots, treasure
maps, and now Al tools - dizzying, but

If this all a bit scary, remember that everyone who built this stuff and had a picture on one my
these slides is early career -

All of this is ultimately guided by use cases like GW170817 - we're in a much better place from
than we were in 2017

More to the point, by building interoperability into the DNA of these services, we get people
working together

Which is ultimately what we need to discover the next MMA source, and what we need to
do science in the era of Rubin
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