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Strategies, challenges and perspectives of 
the EM follow-up of gravitational sources:  

the ENGRAVE and SVOM collaborations

S.D. Vergani
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Compact object 
formation and evolution

Nucleosynthesis and  
enrichment of the Universe  

Relativistic astrophysics

Cosmology

Nuclear matter physics

Radioactively powered transients 

GW170817 
Multi-messenger studies

Courtesy of M. Branchesi
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• Are all BNS similar to GW170817 (EM side)? 
• Rate? 
• Population? 
• Are all BNS associated with SGRB? 
• Are all SGRB associated with BNS? 
• NSBH ? 
• r-process heavy element production

Worldwide, long-term effort is needed 
We were lucky

GW170817/GRB170817
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O3
O3 Range: aLIGO 110–130 Mpc, AdV 50 Mpc, KAGRA 8–25 Mpc

LVC Observing scenario paper 
https://arxiv.org/pdf/1304.0670.pdf

https://arxiv.org/pdf/1304.0670.pdf
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O3a
 Distance (Mpc)

242+/-81

267+/-52

227+/-92

377+/-100

709+/-191

606+/-197

241+/-891 per 0.88 
years

438+/-133

548+/-112

108+/-38
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 Distance (Mpc)

242+/-81

267+/-52

227+/-92

377+/-100

156+/-41

Extremely rare to have a nearby event as GW170817

O3a
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Kilonova

Research based on galaxy catalogues, challenging at larger distances 
Faint EM counterparts

adapted from Chornock+2019

VLT and good coordination btw search and follow-up teams are fundamental
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Ghirlanda+2019, Science

> viewing angle —> fainter 
let’s hope for a denser medium 

Relativistic jet
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ESO-VLT/X-Shooter 
First spectral identification of  
the kilonova emission 

• radioactive decay of  
     r-process nucleosynthesis 

(Pian et al. 2017, Smartt et al. 2017, 
Watson et al. 2019) 

• BNS merger site for heavy 
element production  in the 
Universe 

    (Cote et al. 2018, Rosswog et al. 2017)

GW170817/GRB170817: kilonova
Pian et al. 2017, Nature
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ESO-VLT/X-Shooter 

GW170817/GRB170817: difficulties
Pian et al. 2017, Nature
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Electromagnetic counterparts of gravitational wave sources 
at the Very Large Telescope
http://www.engrave-eso.org/
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274 members

(Chair)

(Chair)
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Large Programme @ VLT 
~ 230hr to follow-up EM candidate counterparts 

photometry, spectroscopy, polarimetry

“Spin-off” radio-mm and HST awarded programs
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Weekly on-call Operations Team & Writing Team 

WG: imaging, spectroscopy, polarimetry, theory, 
infrastructure, epo, external 

Many ENGRAVE members belong to 
different collaborations searching for the EM counterpart
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 Distance (Mpc)

242+/-81

267+/-52

227+/-92

377+/-100

156+/-41
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Barbieri+2019

NS-BH: EM predictions

z=0.054 
n=10-3cm-3
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Spectroscopy to characterize selected candidates 
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Observations on AT2019osy  
(paper in prep. including HST and ALMA data)
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Photometry of targeted galaxies 
(paper in prep.)

HAWKI 
preliminary
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Photometry of targeted galaxies 
(paper in prep.)

No detection in the galaxies we targeted: 
If at ~250Mpc —> fainter than AT2017gfo

prelim
inary
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• optimized strategy (time on many VLT instruments) 
• advantages of a large collaboration 

(different expertise, access to search collaborations) 
• Large Programme

• No flexibility on time split among semesters 
• No visitor override 
• LVC planning is known too late 
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O3 & O4 runs
O3 Range: aLIGO 110–130 Mpc, AdV 50 Mpc, KAGRA 8–25 Mpc 

O4 Range: aLIGO 160–190 Mpc, AdV 90–120 Mpc, KAGRA 25–130 Mpc

LVC Observing scenario paper 
https://arxiv.org/pdf/1304.0670.pdf

10-14 % < 20 deg2 
2-4 % < 5 deg2

38-44 % < 20 deg2 
11-15 % < 5 deg2

250 – 340
48 – 69

https://arxiv.org/pdf/1304.0670.pdf
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O4: new actors

SOXS
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adapted from Chornock+2019

LSSTLSST

VLT

VLT

Photometry
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adapted from Chornock+2019

LSSTVLT

ELT

VLT

ELT

Spectroscopy
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ESO-VLT/X-Shooter 

Spectral Resolution
Pian et al. 2017, Nature
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between O3 & O4 runs

Follow-up of potential KN detected by surveys? 
Follow-up of peculiar / low-z short GRBs?  
coordination with Stargate collaboration
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Situation in ~2035

3G instruments for GW 
EinsteinTelescope & CosmicExplorer

Rely on wide field space missions  
able to identify high-energy emission  
with good localization

Adapted from Hall & Evans (2019)

https://www.isdc.unige.ch/theseus/
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LISA Merger of galaxies

z=2  
1 day before : 100 deg2  

merger time : 1 deg2 

Colpi+2019

Be ready for the EM follow-up 
from ground & from space

Situation in ~2035
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Conclusions

• Extremely challenging but lots of astrophysics 
• The ENGRAVE collaboration is a successful experience at ESO 

• Coordination between groups having access at facilities  

with different capabilities is fundamental 

• VLT (and future very sensitive telescopes) play and will play a key role 

No flexibility on time split among semesters 

Astronomers need to plan in advance 

Distant / poorly localized events ???? 

Be ready for O4, O5 & ET 

Be ready for LISA 
From ground 

& from space
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Thank you!


