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How can we improve multi-messenger astrophysics ?

= Efficient and rapid detections
m |[ncluding MM/MWL correlations
m |Including (real-time) sharing of information/data
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= Efficient and rapid follow-up observations &
m [ncluding sharing of information/data -y |

= Efficient and rapid interpretation
m Guiding further observations
m Detailed, joint analyses

= Requirements
m Full adoption of open data principles
m |ntegration and interconnection of tools and platforms
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Real-time information sharing + alerts

= Requires real-time data analysis and alert publication
m Examples:
m VK public alerts (incl. early warnings)

m [ceCube public alerts
m Fermi/Swift/SVOM/EP/etc.
s CHIME FRB alerts

m Rubin/LSST

MMA infrastructures
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Information/alert distribution

= Increasing number of distribution channels + brokers

m Multiple classification + characterization of the same data
m => European Broker Initiative ACME

= Increasing number of data transmission protocols (VoEvent,
Kafka, emalils, websites, etc.)

= Increasing number of data schema and serializations
(VoEvent vs. GCN; XML vs. JSON vs. Avro, etc.)

MMA infrastructures 1st ACME workshop (Toulouse, April 2025)



M~ 4  Automatic follow-up observations

= Proposal preparation/submission/etc.

_photons, GWs, v, (CRs) | J

monitoring satelites and observatories

= Automatic alert filtering + selection
m Caveat: you'll typically only trigger on known phenomena/features

= Triggering of follow-up observations
m |[ntegration with observatory/telescope software

NS alert
e prme o, - creators
¢ follow- § | - streams
ioup- | - brokers
. observ. |

Start ( : \ f \
Matching of Alerts ( I el | \ 4 Dynamic

e [
’ Follow-up and Programs Receive a "Prompt” Scheduling
Follow-up Candidate
[yes) Type of Alert?

Central Control \

Send New Run Paramet&
to Telescopes and start ~
Observations on new Target

Schedule (new or\\ /ead new Observatio

same) Target »ISchedule and Generate
outside current FoV New Run Parameters

for next Run

Criteria . "
P o \ e with (ToO) Scheduling
eceiving ) Run custom ompute Information
& Archiving [input] Gvaluate Cut9 Grocessing Scriptg (Visibility

Automati
Select highest-

S . J Follow-up
priority Science Queued allowed?
Case Alert
/ \ Summarise /
Queue or

Extend Run Duratio“

for (new or same)
Target in current Foﬂ
g ismrbingh e )
Parameters for s y
current Run Obsl;rvati%%sg /
Update Coordinatea

Match Science
Cases

Receive an
Alert

Matches?

[no} discard alert Send Alert for same Target
/ Scheduling \ Notifcation within current FoV
. Write Preparation and \ Discard k «interface»
A::lzlr\t/e Results Hemt\i':t from Reporting Telescopes
\ Summary /

Data Acquisition &

Event Building

" A4
- Send Events to )
) ,f. < Real Time Build Events Receive Raw
Analysis Telescope Data
End
\
( Store Events

/ K on Disk /
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Follow-up observatories
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= Localisation (e.g. GRB afterglows, kilonovae, ...)

{ follow- }

- up-
; observ. |

NewAthena

= Classification + characterization
m Spectroscopy + Polarimetry + ...

= Strong competition for time at major facilities
m |[ncreasing fraction of non-classified transients
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g 4 Manual follow-up observations

., = Proposal preparation/submission/etc.

monitoring satelites and observatories

“ O \g
p cdpn | I = Find interesting targets

m |[ncreasing number of transient detections
m MWL/MM context scattered across multiple platforms
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Recurrent Nova M31N 2008-12a: Discovery of the 2024
eruption

The following new classification/s were reported on:

2021agrk RA=16:31:36.210, DEC=+13:38:14.93, Classification=SN /I, Redshift=0.026, Time received: 2022-03-23 18:56:17, Classifier: . Moore, S. Sr
group: ePESSTO+

—14-95- _ AN . L '<yoe:VOEvent xmlns:voe="http://www.ivoa.net/xml/VOEvent/v2.0"
2022dkw RA=14:35:50.285, DEC=+24:40:58.20, Classification=SN limligg xsi:schemaLocation="http://www.ivoa.net/xml/VOEvent/v2.0 http:
group: ePESSTO+

v <Who>
2022dIf RA=13:24.06.914, DEC=-00.:41:34.50, Classification=SN fa-91T-lik <AuthorIVORN>ivo://nasa.gsfc.tan/gcn</AuthorIVORN>
Source group: ePESSTO+

v<Author>
. . <shortName>VO-GCN</shortName>
2022dsu RA=14:05:30.767, DEC=+15:43:15.52, Classification=SN la-91bg
Source group: ePESSTO+

<contactName>Scott Barthelmy</contactName>
2022efqgRA=16:4C .~~~ 7 - o 1

ATel #16942;

on 13 Dec 2024; 04:31 UT
Distributed as an Instant Email Notice Novae
Credential Certification: Allen W. Shafter (ashafter@sdsu.edu)

<contactPhone>+1-301-286-3106</contactPhone>
<contactEmail>scott.barthelmy@nasa.gov</contactEmail>
group: ePESSTOH4
2022ehu RA=20:1

group: ePESSTO4
2022emi RA=10:2
group: ePESSTO+

"$schema": "https://gcn.nasa.gov/schema/vd
"type": "IceCube LVK Alert Nu Track Search
"reference": {

"gecn.notices.LVK.alert": "S230914ak-2-Pr
} v<What>

"ref_ID": "S230914ak", <Param

</Author>
<Date>2022-05-01T19:52:1: H
<Description>This VOEveni GCN CIrCUIar38568
</Who> Subject  GRB 241209B: SVOM/VT optical continuous fading

"alert_datetime": "2023-09-14T11:49:16.526 <Param
2022enc RA=14:4  "trigger_time": "2023-09-14T11:14:012", <Param
group: ePESSTO- "observation_start": "2023-09-14T11:05:414 <Param

"observation_stop": "2023-09-14T11:22:21.€ <Param

"observation_livetime": 1000, <Param

::pval_genenc".:l 0.0191, <Param

”pval_bayesmn £ 0.0249, <param

n_events_coincident": 2, <Param

"coincident_events": [ cparam

"event_dt": 12.91, <Param
"localization": { <Param
"ra": 17.48,
"'dec": 16.15,

"ra_dec_error": 0.5,
"containment_probability": 0.9,
"systematic_included": false
},
"id":
'138590_39138551"
’
"event_pval_generic": 0.0191,

"event_pval_bayesian": null

}l

irfu

Date
name="Packet_Type From
name="Pkt_Ser_Num/ Via

2024-12-14T06:11:47Z
Chao Wu at NAOC <cwu@nao.cas.cn>

Web form

name="TrigID" vall
name="Segment_Num

h M31N 2008-

name="Burst TJD" j SVOM/VT commissioning team: Y. L. Qiu, H. L. Li, L. P. Xin, C. Wu, X. H. Han, J. Wang, W. J. Xie, H. B.
name="Burst sop" { Cai, Y. Xu, Y. J. Xiao, P. P. Zhang, J. S. Deng, L. Lan, X. M. Lu, R. S. Zhang, D. H. Zhao (NAOC), J.
name="Burst Inten Zhang, L. J. Dan, G. Y. Zou, C. J. Wang, Y. F. Du, C. Huang (XIOPM), H. Zhou (PMO), C. Plasse (CEA)
name="Burst_Peak"
name="1Integ Time" SVOM JSWG: Jian-Yan Wei (NAOC), Bertrand Cordier (CEA), Shuang-Nan Zhang (IHEP), Stéphane Basa (LAM),
name="Phi" value= Arnaud Claret (CEA), Zi-Gao Dai (USTC), Frédéric Daigne (IAP), Jin-Song Deng (NAOC), Olivier Godet
name="Theta" valu( (IRAP), Andrea Goldwurm (APC), Diego Gétz (CEA), Xu-Hui Han (NAOC), Cyril Lachaud (APC), En-Wei Liang
name="Trig Index" (GXU), Yu-Lei Qiu (NAOC), Susanna Vergani (Obs.Paris), Jing Wang (NAOC), Chao Wu (NAOC), Li-Ping Xin

= (NAOC), Shao-Lin Xiong (IHEP), Bing Zhang (UNLV)

report on behalf of the SVOM team:

SVOM/VT revisited GRB 241209B (Xie et al., GCN 38478) since 2024-12-10T15:07:15 UT with a total exposure
time of 8750 seconds. The optical counterpart (Qiu et al. GCN 38516) was continuously fading, reaching
a magnitude of 23.70 +/-0.30 in VT_R. Nothing was seen down to limiting magnitude of 23.80 (3 sigma) in
simultaneous channel VT_B.

The Space Variable Objects Monitor (SVOM) is a China-France joint mission led by the Chinese National
Space Administration (CNSA, China), National Center for Space Studies (CNES, France) and the Chinese
Academy of Sciences (CAS, China), which is dedicated to observing gamma-ray bursts and other transient
phenomena in the energetic universe. VT was jointly developed by Xi'an Institute of Optics and Precision
Mechanics (XIOPM), CAS and National astronomical observatories (NAOC),CAS.
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Astro-COLIBRI
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MWL/MM context

= Additional information

m MWL context, archival information + related MWL/MM transients
m Aggregated information and direct links to MWL/MM platforms
m Lightcurves (ASAS-SN + ATLAS + ZTF; Swift-XRT, Fermi LCR, ...)
m Realtime context: GraceDB, brokers, TNS, LSXPS, ...
m Archival context (IceCat-1, 4FGL, TeVCat, ...)
m Simbad, Aladin, ESASky, NED, SSDC, ...

= Coordination with colleagues and the community

m Sharing of events
m Discussion forum

MMA infrastructures

https://astro-colibri.science
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' = Observation planning
N m (Multi-observatory) observability assessment
m Optimized observation plans (e.g. Tilepy integration)

monitoring satelites and observatories
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A~ 4  Follow-up observations

= Triggering of follow-up observations
m Dedicated tools: TOM toolkit + SkyPortal
m Connection with amateur astronomers + citizen scientists
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MMA infrastructures

Coordinated follow-up observations

= Gravitational waves: TreasureMap.space

S190814bv

1st ACME workshop (Toulouse, April 2025)

Well-localized NS-BH merger
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https://treasuremap.space/

Coordinated follow-up observations

= Gravitational waves: TreasureMap.space
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Coordinated follow-up observations

= Gravitational waves: TreasureMap.space
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Coordinated follow-up observations

= Gravitational waves: TreasureMap.space

S190814bv
Well-localized NS-BH merger

= Public schedules
m ObsLocTAP services (e.g. TOBY)
m [ndividual observatories
m Example: H.E.S.S. GRB follow-up schedule (https://grbhess.github.io/)

- MMA infrastructures . 1st ACME workshop (Toulouse, April 2025) 18
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Pl @@ J  Rapid data analysis + dissemination

= (realtime) data analyses => guide further observations
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Rapid data analysis + dissemination

_photons, GWs, v, (CRs) | J

= (realtime) data analyses => guide further observations

monitoring satelites and observatories
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= Rapid publication of follow-up results
m Classification + characterization => increased efficiency
m Comparable results (e.g. BHTOM) ,cm

sssssssssssssssssssss
Multimessenger studies {r Europe

MMA infrastructures 3 20
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Global, joint MWL/MM analyses

_photons, GWs, v, (CRs) | J J
monitoring satelites and observatories ) 0 Comp|ete pictu re Of (transient) phenomena
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= MWL/MM + multi-instrument data analysis tools

sssssssssssssssssssss
Multimessenger studies {r Europe

y A Python package for
gamma-ray astronomy

Citizen
z Science
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= FAIR data archives

m Comprehensive archives of MWL/MM data

m Association with computing resources: facilitate reproducibility of
analyses
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Summary

= (Transient) multi-wavelength and multi-messenger observations are challenging
= WWe already have an enormous set of increasingly sophisticated tools at our disposal

= Further automatization and integration is necessary to cope with the increasing number and complexity of
MWL/MM data.

= The Astrophysics Center for Multimessenger studies in Europe aims to advance this process

= Many open questions
m How sustainable is the current landscape of tools and platforms in the mid/long-term? Single point failures?
= \What role will Al play?
m Extract information from human written observation reports (e.g. GCN Circulars, ATELs, Astronotes)

m Decision making processes: event classifiers as first step => agents ingesting all available data and take autonomous
decisions on follow-ups ?

m How can we further leverage contributions from citizen scientists?
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