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1. ESTABLISHING THE INFRASTRUCTURE



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
e}

Public “topics” including LVK alerts in O4, AMON, GCN (over
Kafka!), IceCube, 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

Granular permissions control, an easy-to-use
source

, all open-

Designed to handle high volume, high throughput streams for big
surveys and experiments

Scimma-Alert-Bot APP 4:19 AM

‘ Alert Type: EARLYWARNING

Superevent ID: $230918aq
Group: CBC

Event Time: 2023-09-18T11:19:41.1627
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)

event ID: G438862
50% area: 3,162 deg®
o 90% area: 11,509 deg®



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

HOW IT WORKS TODAY

skymap https://gracedb.ligo.org/api/superevents/S231017bj/files
/bayestar.multiorder.fits,0

gracedb https://gracedb.ligo.org/superevents/S231017bj/view/

EVENT KEYPAIRS =

Key Value

0.00000526891153640463

2023-10-17T13:28:29.537Z

CBC

Telescope Schedule

2019A telescope schedule

ual

Masters, (CIT), J. Cohen, (CIT),
Hernitschek, (CIT), Stanford, (UCB)

K. Rubin, (UCSD), Coil, (UCSD), Vaught,
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NIRSPAO
NGS+NIRC

NGS(5)/
DEIMOS(S)

Skemer/HlIIenbrand Sallum, (UCSC)/HlIIenbrand Oklopcic SC/HQ NIRC
NIRSPEC(4)
ﬂ- . Valenti/M. White Bostroem, (UCD)/Khee-Gan. Lee, Ata

Skemer/M. Cooper Sallum, (UCSC)/M. Cooper, (UCI),
Fllllngham (UCI), Wimberly, (UCI), Baxter,

Select a collection... and enter target: anonymous
MAST Observations by Object Name or RA/Dec | ¥ andromeda Search & Login...

About Collections... Show Examples... Random Search Advanced Search Account Info...

< Upload Target List I User Manual/Help | Leave Feedback | About This Site

Home Page | 4’ MAST: andromeda AstroView >
4414 Total Rows M 31, radiu 0000° E“S ;“;5 ::_:‘] Footprints: | All v efs X PR Wi B GOV RA DEC
= hhmmss/deg]

Filters «| | 4 List View | = Album View
Clear Filters  Edit Filters... Help... Edit Columns... Table Display: |All Show Preview: [ | Show Cutout:

. Actions Mission ~ Instrument Project Filters Waveb
~/Keyword/Text Filter

— oo SWIFT uvoTt uvm2 uv
Filter All Columns

SWIFT uvoT uwl oy,
~/Product Type i
Name Quantity [} SWIFT uvot uvw2 uy,
[]image (3,403 of 3,403
[] cube (563 of 563
[ spectrum (448 of 448 ! SWIFT uvot uwwi Wy,

SWIFT uvot uvw2 uy,

-/ Mission > SWIFT uvot uM2 UV
Name Quantity

[ HST (1,778 of 1,778
[F1HLA (1,469 of 1,469 ! SWIFT uvot u OP
[7] SWIFT (563 of 563

[ HLSP (376 of 376 2 SWIFT uvot w,
[7] GALEX (174 of 174

SWIFT uvot uvw2 w,

SWIFT uvot w,
Show 4 More
SWIFT uvoT uy,
+/Instrument
Name Quantity SWIFT uvor w,

[71ACS/WFC (826 of 826 3 SWIFT
[F1uvot (563 of 563

[] WFC3/UvVIS (516 of 516 | > SWIFT uvot uy,
[[] WFC3/IR (500 of 500
[7] WFPC2/PC (497 of 497

uvot w,

| 2

SWIFT uvot w,

File Edit View

a & < » &b 0

Open Prev Back Next Cut Copy Ima Libraries Apply Reapply

8 B e == ® | ¥ | Gemini Multi-Object Spectrograph (North)

v 1¢] GRACES phase Il examples The GMOS North instrument is configured with this component.
Observation || =~ —
£ [1] Templates

ul
. 5+ <5 (1] GRACES Filter | Hell_G0320 -
e - if; Feige66 - [1) GRACES
£+ [S] GRACES: Acq - Feige 66 Disperser | Mirror i
= GMOS-N
= Observing Conditions [] MOS pre-imaging

L] Targets (Feige66)
CCD manufacturer |E2V v

ﬂv Observing Log
Component & £ Sequence o Position Angle
- 24 GMOS-N: field image
A, o Aot
Iterator & Observe (3X)
= 24 GMOS-N: fibers in the beam
&, & Observe (1X)
E}- 3 [6] GRACES: Sci - Feige 66 - 1 fiber mode; Normal readmode

| set-up CCD Readout ', Translation Stage ' Regions of Interest ' 1SS Port \No

=4 Visitor Instrument: GRACES

=4 Observing Conditions

" Targets (Feige66)

o Observing Log _ ) o
& ﬁ Sequence () CCD2: 2.5' x 5.5' imaging FOV 2172

G- @ Faint .
() Central Spectrum: spectroscopy of central 75" FOV

() Central Stamp: 22" x 22" imaging FOV

[[] Use Nod & Shuffle

Focal Planeupit ——— — — — — —

None hd

) Custom Mask MDF
Slit Width

() Full Frame Readout Custom ROIs
Xmin Xrange

1800

1 1 J|L 1

L1177 7777777777 77777777777777777777777777777777777777777777777777777
TITLE: GCN CIRCULAR
NUMBER: 21538

SUBJECT: LIGO/Virgo G298048: Las Cumbres Observatory Detection of The Possible Optical Counterpart in NGC 4993

DATE : 17/08/18 04:06:31 GMT
FROM: Iair Arcavi at LCOGT <iarcavi@lcogt.net>

I. Arcavi, D. A. Howell, C. McCully, G. Hosseinzadeh, S. Vasylyev (UCSB/Las
Cumbres Obs), M. Zalzman, D. Poznanski (TAU), L.P. Singer (NASA/GSFC), S.
Valenti (UC Davis), T. Piran (HUJI), D. Kasen, J. Barnes (UC Berkeley) and
W-f. Fong (UA) report an independent detection of the possible optical
counterpart reported by Coulter et al. (LVC GCN 21529), Chornock et al.
(LVC GCN 21530), Valenti et al. (LVC GCN 21531) and Melandri et al. (LVC
GCN 21532).

In the course of Las Cumbres Observatory galaxy-targeted LIGO followup we
observed NGC 4993 from one of our l-meter telescopes at the Cerro Tololo
Inter-American Observatory in Chile. An imaging 5-minute exposure starting
at 2017-08-18 00:15:23 UT in the w (=g+r+i) filter clearly shows the
candidate.

Analysis of the image is ongoing and followup is planned when the field
becomes visible to our Siding Spring telescopes starting at 2017-08-18
08:32 UT.

Slide Credit: Andy Howell



HERMES: MESSAGING FROM YOUR BROWSER

HERMES: Hopskotch-enabled
Realtime Message Exchange Service

Submission Form APl View Text View

Title: ' A nifty new supernova Topic: ' hermes.message
Wh ere H @) ps kOtCh serves b i g g rou ps, EventID:?  §N20230ct Authors: ' Gautham Narayan, @ ) Submit to TNS
! @ ) Submit to GCN
Hermes serves users and small teams — =1 s

working on follow-up

New
Name RA Dec Discovery

NOthing to inSta” _ 0 SN2023oct 08:56:11.620 -03:19:32.05 ()
use your SCIMMA
credentials and you are ready to go

Photometry

Target Observation Date Telescope Instrument Band Brightness

0 SN2023ocl ¢ 10/17/2023 CTIO4m DECam r 19.5

Connects with TNS/GCN - one stop

shop to submit a discovery ER—
Messages are human-readable AND Spectroscopy Datum 0 Target” | SN20230ct @ | ObsDate:? | 10/17/2023
machine-parseable, all form fields are uxs [ 10 cvor: [ g Pl

Va I id ated J N eat API FluxUnits:  arg/s/cm2/A &  Wavelength A a Flux Type: = FA


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

CONTROVERSIAL CLAIM #1:

MESSAGING INFRASTRUCTURE IS NOT THE
CHALLENGE ANYMORE



.
FOR A COLLABORATIVE
MULTI-MESSENGER ECOSYSTEM




f\ SDSS Query / CasJobs
& MR A

Help Tools Query History MyDB Import Groups Output Schema Browser Queues  SkySel

__SciServer
| gnarayan m

Context MyScratch Table (optional) Task Name
DR16 m default m GalaxyMags Gal-Spec Cross Match
Samples || Recent || Clear Syntax || Plan || Quick || Submit

1 SELECT TOP 1000000 g.objID, g.htmID,

2 g.cmodelMag_u, g.cmodelMa?_g, g.cmodelMag_r, g.cmodelMag_1i, g.cmodelMag_z,

3 g.cmodelMagErr_u, g.cmode Ma%Err_g, g.cmode{MagErr_r, %.cmodelMagErr_l, g.cmodelMagErr_z,
4 g.fracDeV_u, g.fracDeV_g, g.fracDeV_r, g.fracDeV_i, g.fracDeV_z, .

5 g.extinction_u, g.extinction_g, g.extinction_r, g.extinction_1i, g.extinction_z,

6 s.bptclass,

/ s.lgm_tot_pZ2p5, s.lgm_tot_plo, s.lgm_tot_p50, s.lgm_tot_p84, s.lgm_tot_p97p5,

8 z.z, z.z_err, z.z_warning,

9 z.v_disp, z.v_disp_err,

10 z.subclass,

11 sn_median, z.reliable

Z.
12 INTO mgdb.Galax Info from GalaxyTag as g
13  INNER JOIN galSpecExtra as s

14 on s.specObjID = g.specObjID
15 INNER JOIN galSpecInfo as z
16 ON z.specObjID = s.specObjID
17 WHERE g.clean=1;

SD5S - CAIALOG QUERIES VIA SQL

Community access to SDSS images, spectra, catalogs + nice interfaces and API. Query but not compute.




A& Home

DES Labs = e

? Help
DESaccess web DES cutouts DESDM Services status
External Links
Science Server Astro Data Lab CosmoHub
ASTRO

DATALAB

DES - MIX OF PUBLIC/PRIVATE

DES internal access to all data products + community compute on catalogs through NOIRLab




Data Management System Vision

Raw Data: 20TB/night

. Community
Prompt Data Products via nightly alert streams @ % Brokers
60 ®

Sequential 30s images Alerts: up to 10 million per night P o T— - —- e Alert Filtering
% Service

B covering the entire
visible sky every few days

%)

_—
|
|
|
|
I |

Results of Difference Image

O Analysis (DIA): transient and via Prompt Products
variable sources 24 Database
0 Solar System Objects: ~ 6 million Rubin DACs
5 (USDF & Chile)
Data Release Data Products Independent
) _ . DACs (iDACs)
% Final 10yr Data Release: via Data Releases
?‘—‘:‘n elmages: 5.5 million x 3.2 Gpx

eCatalog: 15PB, 37 billion
objects

Rubin Science Platform (RSP)

Rubin Science Platform

Access to proprietary Provides access to Rubin Data Products
: \ Qi and services for all science users and
data and the !é_:c|ence_ > project staff | - o -~ &
Platform require Rubin \ - AL @-;_) ¥
data rights ALERT FILTERING m

DATA RELEASES SERVICE USER DATABASES USER FILES USER COMPUTING SOFTWARE TOOLS

PORTAL NOTEBOOKS g—: WEB APIS

13
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VERA C.RUBIN
OBSERVATORY

Science Platform

A set of integrated web applications & services deployed at Data Access Centers (DACs) through which the
scientific community will access, visualize, subset and perform next-to-the-data analysis of Rubin Data products.

Portal Aspect _ Notebook Aspect API Aspect
@ exploratory analysis and g_, iIn-depth ‘next-to-data’ analysis and API remote access to the Rubin archive

¢ visualization of the Rubin archive —3 creation of added-value data products via industry-standard APls

fR R gu 1 AY

Rubin Science Platform (RSP)

PORTAL NOTEBOOKS E_" \AVA = = AN =g =

" @

ALERT FILTERING
SERVICE

DATA RELEASES USER DATABASES USER FILES USER COMPUTING SOFTWARE TOOLS

Vera C. Rubin Observatory | Open Science Grid All-Hands Meeting | From L. Guy, LSST Science Platform Final Design Review 11




WE ARE MISSING
SCIENCE BECAUSE WE
... ARENTEFFICIENTLY

&= 7~ 4= SHARING INFORMATION




VISION FOR GRAVITATIONAL WAVE FOLLOWUP OF THE FUTURE

Q . QN

pdist (RA .o dCCl .o D) —_— NdiSt (RA . dCCl.) - ZU%ist(R.A.,decl.)




BUILDING A COLLABORATIVE MMA ECOSYSTEM

Requires interoperability between components
Improving messaging — HOPSKOTCH & HERMES (Andy Howell)

Improving data acquisition & management — TOMs: Target & Observation Managers (Rachel
Street)

Improving telescope infrastructure — AEON & Open Observatory Control System (Bryan Miller)

Improving searches by information sharing & visualization — Treasure Map (Sam Wyatt in the
afternoon session)



HOPSKOTCH/TOM INTEGRATION

~ TOM T00IKiIt

Home largets~

SCIMMA Alerts

SCIMMA

‘ Keyword Search

‘Right Ascension

Start Date

Alerts

|
|

— End Date

Create targets from selected

Alert Identifier
S190426 X5

S190426_X41

S190426_X39

S190426_X43
S190426_X84
S190426_X86
S190426_X50
S190426_X53
S190426_X68
S190426_X72

S190426_X88
S190426_X93
S190426 X102
S190426 X115
S190426 X118
S190426_X184
S190426_X4

S190426_X28
S190426_X34

S190426_X57

Observations ¥

‘8190426

‘Declination

1SXPS J144850.8-400845

3XMM J195917.2+404514

3XMM J200002.0+404323

XMMSL2 J010227.0+815233

1RXH J195916.3+404648

1RXS J201518.9+560922

1SXPS J201516.9+560854

Data Users

‘Radius

14:48:50.784 -40:08:45.6
19:59:17.88 40:45:03.24
20:00:01.416 40:43:24.6
19:59:30.576 40:46:07.32
19:59:33.672 40:41:45.96
19:59:34.656 40:44:44.88
19:59:35.472 40:32:28.32
19:59:26.448 40:49:53.76
1:02:19.2 81:52:36.84
19:59:16.512 40:47:02.04
19:59:19.128 40:43:36.84
0:10:36.672 85:08:41.64
0:27:50.832 84:16:34.68
20:15:19.824 56:09:45.72
20:15:17.76  56:09:09
22:41:47.16 87:24:01.44
22:47:31.512 83:09:34.2
19:59:20.952 40:45:40.32

19:58:47.328 40:50:38.4

19:59:14.328 40:46:27.12

Counterpart Identifier Right Ascension Declination Rank

Admin User (admin)

Comments

4 MAY match a known transient, will be checked manually.

4

4

3 Warning flags were set:

3

3 Warning flags were set:

3

3

4 Warning flags were set:
4 Warning flags were set:

3 Warning flags were set:

3

3

4 Warning flags were set:

4 Warning flags were set:

3

3 Warning flags were set:

3

3

this may be a spurious detection.

this may be a spurious detection.

this may be a spurious detection.

this may be a spurious detection.

this may be a spurious detection.

this may be a spurious detection.

this may be a spurious detection.

this may be a spurious detection.




TREASURE MAP - HOPSKOTCH INTEGRATION

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

s2000d [ 330.9467707 #55.6571436

"4

Py
Follow-Up

t n m Instruments

M Swift/XRT
Swift/UVOT
GOTO-4

n m GRB Coverage

M Fermi/GBM
B Fermi/LAT

1 Sources

n m Galaxies
n m XRT Sources

u @ SCIMMA XRT Sources

&
FoV: 174.59°

Pointing Status All

Date range (days since Time of Signal):




Rubin Auxiliary Telescope (AuxTel)

® AuxTelisa 1.2m telescope that will provide w
spectroscopic observations to improve ——Teii
photometric calibration of the LSST.

® AuxTel uses the same services and software
stack as the primary telescope, so it will be
useful to prototype a ToO pipeline prior to
deploying during LSST

® Mock observing runs twice a month

~ AuxTel

1 B |-."'k5,m {

Q% scimma.org



Prototype design: SCIMMA-Rubin client

® Use hop-client API to receive LVK alerts via SCIMMA and reformat into appropriate

schema
® Send alerts to Rubin scheduling database for parsing

® Use alerts from the scheduling database as target-of-opportunities for AuxTel

— SCiMMA-Rubin — Rubin summit — AuxTel
‘ HOPSKOTCH client database

Q2



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

Courtesy: Matias Carrasco

Visualization
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COLLABORATIVE ECOSYSTEMS NEED PEOPLE TALKING

OpenlLVEM is a tremendous resource for the Welcome to the OpenLVEM web
community, but it is time to grow it beyond

This is the community forum on multi-messenger observations connected to Gravitational Wave (GW)

the ori g inal LVK beg Talalls gs interested can join. This open forum started in January 2018. The LIGO-Virgo-KAGRA Collaboratio
- . . + Get started
SCIMMA is wo rkin g with @, pen LVEM to ¢+ LIGO-Virgo-KAGRA documentation and resources
. . . o Oth
begin hosting the community forum in the | erresourees
elecons
next feW Mo nths + Townhall Meetings

4 Other links
¢+ OpenLVEM Web Utilities

A joint slack for all groups, liaisons between
OpenLVEM and surveys so users have a Get started

Ch ann el to feed ba Ck Sign up to the OpenLVEM Forum at gw-astronomy.org: approval and subscription to the openlvem@g
address (for help on this topic, email gwastro-help@cgca.uwm.edu). Information about observing runs

via OpenLVEM mailing list.

Port the OpenLVEM Wiki and git repo -

The OpenLVEM forum will also organize occasional teleconferences and in-person meetings to foster

Sa me S CI M MA Credentia IS fOr HOPS kOtCh / observations connected to gravitational waves. If you would like to make a presentation, please subm

Hermes also work for the forum LIGO-Virgo-KAGRA documentation and resources




ESTABLISHING THE INFRASTRUCTURE
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CONTROVERSIAL CLAIM #2.

THE BIG VISION SHOULD BE A COLLABORATIVE
ECOSYSTEM FOR SCIENCE

THIS IS GOING TO REQUIRE JOINT AGENCY FUNDING
AND A MANDATE THAT NEW EXPERIMENTS WORK WITH
THE “CENTER"
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