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GRAVITATIONAL WAVES DETECTION !

GW EXIST AND THE DETECTORS CAN DETECT THEM (SIGNAL IS CLEAR IN ITSELF). 
LARGE LOCALISATION ERROR. NO COUNTERPART FOUND (BH-BH COUNTERPART ?).
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FUTURE OF GRAVITATIONAL WAVES DETECTORS

2016-2021

2022+

IN 2021, WE CAN EXPECT FOR NUMEROUS GW EVENTS (BH-BH, BH-NS OR NS-NS ?). 
LOCALIZATION WILL IMPROVE BUT STILL > 1 SQUARE DEGREE.
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ASTROPHYSICAL NEUTRINOS BY ICECUBE
2 PeV

ΔΘ=16°

ASTROPHYSICAL NEUTRINOS EXIST ! 
NO SOURCES FOUND YET 

(LARGE LOCALISATION ERRORS WITH ICECUBE)

40% OF EVENTS IS BACKGROUND (TRACKS MAINLY)

4-YEARS ICECUBE (2010-2013). 53 HESE. E>60TEV.
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FUTURE OF NEUTRINO DETECTORS
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IceCube extensions : 
IceCube-Gen2 (HE) 
PINGU (LE) 

Optimistic prediction : 
deployment starts in 2020

For astrophysics : toward the highest energies
KM3NeT : 

ARCA (HE) : Sicily 
ORCA (LE) : France 

Phase 1 (31 str.) : 2016-2017 
Phase 2 (230 str.) : 2020 ? (IceCube x2) 
Phase 3 (600 str.)

KM3NeT

MOST PROBABLE SCENARIO FOR 2021 : ICECUBE + KM3NET-PHASE2

ΔΘ=2° (SHOWERS) 
ΔΘ=0.2°(TRACKS)
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SCIENTIFIC CONNECTION WITH SVOM
SVOM CAN DISCOVER AN ELECTROMAGNETIC COUNTERPART TO GW AND NEUTRINO EVENTS !

GRAVITATIONAL WAVES

S-GRB CONNECTION : 
MERGER NATURE OF PROGENITOR CONFIRMED 
ONE OF THE BEST CHANCES TO ASSOCIATE EM 

EMISSION AND GW

DO L-GRB EMIT GW ?

DO BH-BH MERGER EMIT EM COUNTERPART ?

NEUTRINOS

WHAT IS THE SOURCE OF ASTROPHYSICAL NEUTRINOS ?

NEUTRINOS - COSMIC RAYS CONNECTION

HIGH ENERGY NEUTRINOS - UHECR CONNECTION

ACCELERATION PROCESS IN THE JETS

SVOM CAN DISCOVER AN ELECTROMAGNETIC 
COUNTERPART TO GW AND NEUTRINO EVENTS !
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TOP-DOWN : SVOM ALERTS

Alerts are sent through VHF link (65% of 
the alerts received within 30s)

NOTHING SPECIFIC TO BE DONE FOR TOP-DOWN ALERTS

GCN
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BOTTOM-UP : FOLLOW UP OF PROMISING GW OR 𝝂 EVENTS

Space 
MXT and VT

ToO-MM-NL

Ground 
2 GFTs and GWAC
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GROUND FOLLOW-UP OF TOO-MM-NL

WITH MINI-GWAC, SVOM SCIENCE HAS ALREADY BEGUN !

▸ GWAC (1 GWAC in 2017 + 1 GWAC in Chile in 2018-2020 (tbc)) 

▸ 36 wide angle cameras with diameter of 18cm 

▸ FOV : 5000 sq. degrees on each site : China, Chile 

▸ Limiting magnitude : 16.0V (5𝛔, 10sec) 

▸ Self trigger + follow-up by 2 dedicated 60cm telescopes 

▸ Mini GWAC (in operation since Oct. 2015) 

▸ 12 cameras with diameter of 7cm 

▸ FOV : 5000 sq. degrees 

▸ Limiting magnitude : 12.5V 

▸ F-GFT (2019 ?) located at San Pedro Martir Observatory 

▸ FOV : 26 arcmin 

▸   Limiting magnitude (5𝛔, 60sec) : R=20.5, J=19.0  

▸ C-GFT in operation located at Xinglong Observatory 

▸ FOV : 21 arcmin 

▸ Limiting magnitude (5𝛔, 100sec) : R=19 
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SPACE FOLLOW-UP OF TOO-MM-NL (STILL UNDER DISCUSSION)
MXT and VT are the key instrumentsToO-MM-NL proposal

Automatic processing : 
build tile pointing and 

exposure

PI approval

ToO-MM-NL request

Satellite Command Plan 
Upload at Chinese 

Control Center

MA
X :

 12
H

Very important to inform the community as soon as possible of 
any counterpart but it cannot be done onboard. 

Send MXT photons through VHF link + analysis on the ground. 

If anything found : new ToO-MM-L + Community alert
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ABOUT ToO
SVOM has been designed as a GRB mission : 

- autonomous detection of GRB/transients 

- automatic slew and follow-up 

- alerts sent to the ground

We are working on the SVOM system to enlarge the ToO capabilities of the mission, 

but there are numerous system limits that have to be taken into account. 

We need to charge batteries, to keep a cold face, etc…

GP
TbE 

Triggered by ECLAIRS

ToO 
Target of Opportunity
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ToO CLASSES IN DISCUSSION AT THE SYSTEM LEVEL
▸ ToO definition : all unplanned observations, programmed from the ground. 

▸ In fact there are 3 ToO classes : 

▸ Core Program ToO: ToO-CP => GRB revisit => ToO with slow ground activities 

▸ General Program ToO : ToO-GP => ToO with slow ground activities 

▸ TAC-approved  observations of known sources selected by the GP : ToO-GP-PP 

▸ Not planned observations of known sources : ToO-GP-NP 

▸ Multi-Messengers ToO : ToO-MM => ToO with rapid ground activities 

▸ 2 types : 

▸ unknown source well localized (LSST, SKA) => ToO-MM-L 

▸ search for an unknown not localized source as counterpart of a multi-messenger 
(GW, neutrinos) => ToO-MM-NL 

▸ The delays to inform the scientific community have to be reduced to a minimum 

▸ RMQ : transient from known source list Triggered by ECLAIRs : TbE-GP 
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ToO-MM-L and ToO-MM-NL IN DISCUSSION
▸ Approval : computer filtering + tiling strategy (NL) + PI 

▸ Observation should start in less than 12 hours after trigger 

▸ GRB follow-up veto ? Yes/No switch… 

▸ ToO-MM-NL : use of VHF to send down MXT photon list 

▸ Frequency : 20 ToO-MM/year

Sanya is dedicated 

Kourou & HBK on request (and only for ToO-MM) 

Time delay (TbC) : 

40% ToO-MM < 4 hours 

70% ToO-MM < 6 hours
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ToO summary table
ToO Approval

performed within 
from 

acceptance/ 
trigger

GRB interuption Frequency Tiling process Science product 
availability

VHF Canal VHF data

ToO-CP BA <48h yes MAX 
80/year

No 24h No -

ToO-GP-PP GP selection 
process

<48h yes
MAX 

1/day =>5/day No 24h No -

ToO-GP-NP PI

< 12h no 1/month 

No 24h No -

< 48h yes 1/day =>5/day

ToO-MM-L
Computer 

filtering + PI <12h ? yes ? ? No 24h Yes MXT-VT?

ToO-MM-NL Computer 
filtering + PI

<12h no ? MAX 
1/week

Yes, 
4-25 tiles 

10minutes/tiles

VHF<1h 
BX 24h

Yes MXT photon-list

TbE– GP 
Triggered by ECLAIRs

Automatic follow-up 0 yes 
Will be adjusted with 
the catalog list and 
threshold on-board

No, but observation 
lasts 2 orbits

24h Yes Idem GRB



THANK YOU


