
Multi-messenger Astronomy

– Photon detection –

Part 2: High-energy transients

Ecole de Gif - 2024



The connection between MM transients and 𝛾–rays transients

• Multi-messenger transients come from violent cosmic phenomena involving 
compact objects: exploding stars (SNe, long GRBs), coalescence of compact 
objects (BNS, short GRBs), BH formation and BH activity (AGNs, TDEs)...

• Most often these phenomena also produce 𝛾–rays, see GRB 170817A & 
GW170817.

! There is natural synergy between MM instruments and GRB missions. As a 
consequence, each new GRB mission adds new capabilities to MM astronomy.

• There are also significant practical differences: 
• MM instruments lie on the ground / 𝛾–ray instruments are in space
• MM instrument are all-sky monitors (or nearly) / 𝛾–ray instruments often have a more 

limited FoV
• The emission pattern of 𝛾–rays and GWs or neutrinos may be very different.
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GRB detectors in space

• The 𝛾–ray sky (10’s to 100’s keV) is very different from the optical sky:
• There are few transient sources: short 𝛾–ray transients are called gamma-ray 

bursts (GRBs) and are due to violent cosmic phenomena that may emit GW or 
neutrinos. We evaluate the number of GRBs to 2-3 per day in the whole sky.

• The universe is almost transparent at these energies.

• There are various localization methods. One of them uses a coded-
mask placed in front of a pixelated detection plane. If the mask is well 
designed, each source in the FoV projects a different part of the mask 
on the detection plane, allowing to reconstruct the sources positions 
in the sky.

• The SVOM mission...
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The SVOM mission
Your partner in multi-messenger astronomy



The Collaboration
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SVOM at a glance
The mission

3MG16 – 2021

15

Satellite ~950 kg –– Payload: 450 kg 

SVOM “Space-based multi-band astronomical Variable Objects Monitor”
a Sino-French mission dedicated to GRBs and multi-messenger astronomy

to be launched in 2024, duration 3+2 years 
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Two Wide-Field Instruments in Space
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Two Narrow-Field Instruments in Space
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The localization chain

• Localization refinement:
ECLAIRs (10') => satellite slew

MXT (15") 

VT (1")
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On The Ground...
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Pointing Strategy & Alert dissemination
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Three Observing Programs

• Core Program (CP): GRB & HE transients detected by SVOM
• The CP includes the follow-up of SVOM detected transients.

• General Program (GP)

• Observation proposals awarded by a TAC (a SVOM co-I needs to be 
part of your proposal).

• 10% of the time spent on Galactic sources during the nominal  
mission, up to 50% during the extended mission.

• Targets of Opportunity (ToO)
• ToO-NOM is the nominal ToO, used for GRB revisit, known

source flaring, new transient,etc.

• ToO-EX is a fast ToO used for exceptional astrophysical events to 
be observed rapidly. 

• ToO-MM is dedicated to multi-messenger alerts. It includes a tiling 
strategy needed to explore large error boxes

• Initially 1 ToO/day, will increase during the extended 
mission.

• Many tools have been developed for the quick analysis of 
SVOM data
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SVOM capabilities for MM astronomy 

• The successful launch of SVOM on June 22nd 2024, brings additional capabilities for MM 
astronomy:

• New instruments for transient detection: GRM – ECLAIRs – GWAC  + Sub-threshold triggers. 
With the GRM, SVOM monitors ≥20% of the sky, increasing the overall sky coverage of 𝛾–ray 
instruments.

• All detected photons are sent to the ground, allowing searches for off-line triggers and sub-
threshold transients

• SVOM offers new instruments for follow-up: MXT, VT, C-GFT, Colibrí

• SVOM offers new opportunities to perform ToO observations

• A mission designed to ease the follow-up of detected transients:

• Transients located in the night hemisphere

• Strong follow-up capabilities included in the mission

• Fast NIR follow-up (Colibrí + CAGIRE) 
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Conclusion...

• SVOM is a new facility for the detection and 
follow-up of high-energy transients and the 
observation of multi-messenger transient sources. 

• We are happy to work during O4.

• Additional information:

• SVOM White Paper: arXiv:1610.06892 (figure)

• SVOM Website: http://www.svom.fr/en/

• A series of paper will be published in the first 
half of 2025.
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