Strategies, challenges and perspectives of

the EM follow-up of gravitational sources:

the ENGRAVE and SVOM éollaborations
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Radioactively powered transients

Relativistic astrophysics Nucleosynthesis and

\ | enrichment of the Universe
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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

GW170817/GRB170817

Worldwide, long-term effort is needed
We were lucky
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O3

O3 Range: aLIGO 110-130 Mpc, AdV 50 Mpc, KAGRA 8-25 Mpc

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


https://arxiv.org/pdf/1304.0670.pdf
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Possible Source

Event ID (Probability) Location Distance (Mpc)

NSBH (98%), Terrestrial Sept. 10, 2019 GCN Circulars - ™ 1 per 8.5248
$190910d ALY ¥,
(2%) 01:26:19 UTC Notices | VOE S years

606+/-197

— BNS (61%), Terrestrial Sept. 10, 2019 GCN Circulars /’.‘ 1 per 0.88 241+/-89

(39%) 08:29:58 UTC Notices | VOE years

NSBH (68%), Sept. 23, 2019 GCN Circulars S
$190923y A | ¥ ¢ 1.5094 per year 438+/-133
Terrestrial (32%) 12:55:59 UTC Notices | VOE 1

Sept. 24, 2019 GCN Circulars ; 1 per 3.5493e+10 548+/-112

S190924h MassGap (>99%) | .
02:18:46 UTC Notices | VOE years

Sapt. 30, 2019 CCN Circulars l ’ 1 per 2.0536 years 709+/-191

5190530t NSBH (74%), Terrestrial {26%) 14:34:07 UTC Notices | VOE

Sept. 30, 2019 CCN Circulars

51909305 MassCap (5%, Terrestrial 5% 13.3¢6.41 UTC otices | VOE - 1 per 10.534 years 108+/-38




5190801ap

5190814bv

5190510g

$180426¢

$190425~z

Possible Source
(Probability)

BNS (86%), Terrestrial
(14%)

Sept. 1, 2019
23:31:01 UTC

Aug. 14, 2019
21:10:38 UTC

NSBH (>99%)

Terrestrial (58%), BNS
(42%)

May 10, 2019
02:59:39 UTC

BNS (49%), MassGap
(24%), Terrestrial
(14%), NSBH (13%)

April 26, 2018
15:21:55 UTC

April 25, 2019
08:18:05 UTC

BNS (>99%)
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GCN Circulars
Notices | VOE

GCN Circulars
Notices | VOE

GCN Circulars
Notices | VOE

CCN Circulars

Notices | VOE

GCN Circulars

Notices | VOE

Location

1 per 4.5093

years

50% area: 5 deg?

90% area: 23 deg’ 1 per 1.559%e+25

years

50% area: 31 deg?
90% area: 1166 deg* 4 per 3.5872

years

1 per 1.6276

years

1 per 69834 years

Extremely rare to have a nearby event as GW170817

Distance (Mpc)

242+/-81

267+/-52

227+/-92

377+/-100

156+/-41
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Research based on galaxy catalogues, challenging at larger distances
Faint EM counterparts

VLT and good coordination btw search and follow-up teams are fundamental

adapted from Chornock+2019

QL L
ke, T
: :
e -~
= o=
ol o0
@© o
E =
n m
-1 <
- =
QL L
> >
— —
QO L
n n
Q0 o
- o

= 30

:.jz £Z=C.A024l za=lo.‘1l A .l 4 "- :l—l—A—l- --. ...- " - A . 3 : Z=0..02Ad - ;=A01 .A1l. 4 - 4 4 . ".'.""J» SE— - S
0.1 1.0 100 . 1.0 100
Observed Time (days) Observed Time (days)

Kilonova




Sciops2019 - S.D. Vergani

Ghirlanda+2019, Science
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Relativistic jet

> viewing angle —> fainter
let’s hope for a denser medium
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GW170817/GRB170817/: kilonova

ESO-VLT/X-Shooter Pian et al. 2017, Nature

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)

0.0 5000 10000 15000 20000
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GW170817/GRB170817: difficulties

ESO-VLT/X-Shooter Pian et al. 2017, Nature
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o Jngrayve

Electromagnetic counterparts of gravitational wave sources

at the Very Large Telescope

http://www.engrave-eso.org/




Sciops2019 - S.D. Vergani

e N gmvié

Governing Council Executive Committee
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 Danny Steeghs 274 mem be s
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ngrayve

Large Programme @ VLT
~ 230hr to tollow-up EM candidate counterparts
photometry, spectroscopy, polarimetry

"Spin-oft” radio-mm and HST awarded programs
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ngrayve

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



Event ID

5$190801ap

Possible Source
(Probability)

BNS (86%), Terrestrial
(14%)

Sept. 1, 2019
23:31:01 UTC
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GCN Circulars
Notices | VOE

Location

1 per 4.5093

years

Distance (Mpc)

242+/-81

5190814bv

Aug. 14, 2019
21:10:39 UTC

NSBH (>99%)

GCN Circulars
Notices | VOE

50% area: 5 deg?

90% area: 23 deg’ 1 per 1.559%e+25

years

267+/-52

$190510g

$190426¢

51904252z

Terrestrial (58%), BNS
(42%)

May 10, 2019
02:59:39 UTC

BNS (49%), MassGap
(24%), Terrestrial
(14%), NSBH (13%)

April 26, 2018
15:21:55 UTC

April 25, 2019
08:18:05 UTC

BNS (>99%)

GCN Circulars
Notices | VOE

CCN Circulars

Notices | VOE

GCN Circulars

Notices | VOE

50% area: 31 deg?

90% area: 1166 deg* 4 per 3.5872

years

1 per 1.6276

years

1 per 69834 years

227+/-92

377+/-100

156+/-41
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NS-BH: EM predictions

z=0.054

n=10-3cm-3
Varying Mgy, xgn = 0.8 Varying Xgu, Mgy =5.3 Mo

657 nm
2143 nm

10" ‘ ' 10"

Time [days] Time [days]

Barbieri+2019



Sciops2019 - S.D. Vergani

TITLZ: GCN CIRCULAR

NUMBZR: 253&4

SURTRCT : T.‘l(:r‘l_/\'irgn S19CR14bv : FNERAVE X-shootwer spectra of AT201%ngs and 8720790 py
DATE: 12/008/17 26€:58:21 GMT

FRCN: Andrew Lavan at U.of _eicester <a.l.evanfagcro.ru.nl>

5. H. Bruun (DARK/NBI), A. Sagues Carrzcedo (OKC), T.-W. Chen (MFE), C. Copperwhezt (LJNU), P. D'Avanzo (INAF), M. Fraser (UCD), X. E. Heintz (U. Icelznc),
J. Hjorth (DARK/NE.), J. vapelj (Avl, Amsterdam), V. Jonker (SHOMN Radboud uUniv.), G. Leloudas (bIU Space), A. J. Levan (Hacboud univ), D. B. Malesani [LIV
Space), T. Menddel (Monash), D. A. Per' ey (TLIMI], N. B. Sabha (Univ. Tansbruck), S. Schualze (Weizmann], 8. Smart (QUR), J. Sollerman (ORC), D. Steemghs
(Warwick), 5. D. Vergani (Paris Cbservetory-CNRS) report on behalf of the DNGRAVE collaboration:

We obtaired spectr py of trans:ents located w_thin the error region of S190814bv (LVC GCW 25333). Ob vations were taken of desgw-190814e (AT20.8ngs:
Herner et al., GCN 253732; Dichiara et aol., CCN 25374) and DESsevhe [(ATZ019npy:; Andreoni et al., with the VLI cquipped with X-shoozer on 17
August 2C19.

The apectrum of deacw-1908l4e (AT2019ngs) exhibite clear emigsion lines of [l-alphe and [N II] at a redshift of z =« 0..263 +/- 0,001, The continuum ccntains
gignificant host galaxy contamination, but is cconsistent with an old type 1a or lIbc superncva (around 20-50 days post-maximum) whose sub-type cannot be
reliably determinad. This classification was determired using DASE (Muthukrishna et al. 2015), redshift cf 0.126, and adding host contaminat_iaon (3a-Lype
spectrum at roughly 60%). More rcfined classification will reqguire further work. This redshift correcsconds to a distance of almost 500 Mpec and lies >6
sigma from the inferrad GW distance. We therefore conclude that Zesgw-1903.14de 15 not associated with 5130814bv.

No diecrete featuree are readily scdentified in the roiey spectrum of DESsevhe (ATZ2019npy). The eource exhibite & red contiruum but no okvioue broad liree
from a transient or narrow emission lires from a host galaxy. The source doss not appear srectrally similar to RTZ017gfo.

We thank the staff ot Poranal for their cxcecllent assistance with these obscrvations.

Dased cn obsesvations collected -y the ENGRAVE colleborazion at the Buropean Southern Observetory under D50 proc-ammes 1102.D0-0353, 0103.0-0703,
J103.D-0722 (for fturther intormat-on or ENCRAVE sce http://waw.engrave-eso.crq/).
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ngrave

Observations on AT201%9osy
(paper in prep. including HST and ALMA data)

TITLE: GCN CIRCULAR

NUMBER: 25801

SUBJECT: LIGO/Virgo S190814bv: HST and ALMA observations of the host galaxy of ASKAP J005547-270433 / AT 2019%o0sy
DATE: 19/09/21 18:03:22 GMT

FROM: Daniele B Malesani at DTU Space <malesanil@space.dtu.dk>

F. E. Bauer (PUC), A. S. Fruchter (STScl), J. Gonzalez Lopez (UDP), J.
Hjorth (DARK/NBI), T. KRangas (STScI), S. Kim (PUC), A. J. Levan (Radboud
Univ.), D. B. Malesani (DTU Space), M. J. Michalowski (AMU), B.
Milvang-Jensen (DAWN/NBI), R. Paladino (INAF/IRA), S. Schulze (WIS), A.
de Ugarte Postigo (HETH/IAA-CSIC, DARK/NBI), report on behalf of the
ENGRAVE collaboration:
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Photometry of targeted galaxies
(paper in prep.)

HAWKI
preliminary

0"49M50°
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Photometry of targeted galaxies
(paper in prep.)
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No detection in the galaxies we targeted:
i at ~250Mpc —> fainter than AT2017gto
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ngrayve

» optimized strategy (time on many VLT instruments)
» advantages of a large collaboration

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

No visitor override

6 * No flexibility on time split among semesters

VC planning is known too late
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O 3 & O 4 LVC Observing scenario paper
r u n S https://arxiv.org/pdf/1304.0670.pdf

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

Observation ~ Network Expected Expected Expected
Run BNS Dctections NSBH Detections BBH Dciections

03 HLV 23 o'y 15' 13

—_

- ' L +42 5+04 81
_m HR %%y OE 10-14 % < 20 deg?
2-4 % < 5 deg?

Areu (deg?) Areu (deg?’ o (aeg” )
90% c.r. 90% c.r 0% c.r.
250—320 310—390 250 — 340 38-44 % < 20 d992

30— 48 33 —47 11-15 % < 5 deg?



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

adapted from Chornock+2019

. LSST

VLT

Observed AB-magnilude
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Spectroscopy

adapted from Chornock+2019

Observed AB-magnilude
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Spectral Resolution

ESO-VLT/X-Shooter Pian et al. 2017, Nature
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between O3 & O4 runs

Follow-up of potential KN detected by surveys?

~ollow-up of peculiar / low-z short GRBs?

coordination with Stargate collaboration
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Situation in ~2035

3G instruments for GW
EinsteinTelescope & CosmicExplorer

Adapted from Hall & Evans (2019)

- Horizon
10Y% detected

Y6 detected

Redshift 2

[S—
-

10" 10! (1 1)
Total scurce-frame mass M /M.

Rely on wide field space missions

able to identity high-energy emission
with good localization https://www.isdc.unige.ch/theseus/
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Situation in ~2035

LISA Merger of galaxies

Colpi+2019
P =7

1 day before : 100 deg?
merger time : 1 deg?

Be ready for the EM follow-up

from ground & from space
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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 72?7
> Be ready for O4, O5 & ET
> Be ready for LISA
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