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Search for EM counterparts
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Where

~60 galaxies account for
85% of the stellar

content in the volume
(<60 Mpc)

NS+NS

What

kilonova: mag ~ 17-20
peak: 1day - 1week

decline: 3d/ 3 weeks
SED: red/near-infrared




Search for EM counterparts
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Search for transients

Deep survey of the full sky error map

with large telescopes _
see talk of Aniello Grado

Scan galaxies at the right distance for
bright transients

see talk of Sheng Yang




Discovery of the kilonova

SSS17a = DLT17ck = AT2017gfo
GW: 12:41:04 UT
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Discovery of the kilonova

SSS17a = DLT17ck = AT2017gfo
GW: 12:41:04 UT

Last non-detection Discovery Image -
2017 Jul 27 23:53:18 2017 Aug 17 23:49:55

NGC 4993 4] sss1z2. SWOPE 1m °

DLT17ck

Cou® Finding AT2017gfo was fairly easy

e Without the GW trigger AT2017gfo would not be
found (wrong season)




Discovery of the kilonova

Shappee et al. 2017




Discovery of the kilonova

Shappee et al. 2017
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Discovery of the kilonova

Shappee et al. 2017

—— 2011fu 4d
- AT2017gfo 0.5d

Because of the small search volume only one
candidate need to be verified - (not typical !?!)




ESO leading contribution

Ultraviolet Visible Infrared Millimetre

\/ST/OmegaCAM choice of
FoV
spectral range
resolution
obs mode:

- ad.opt.
- polarimetry
- 2D spectra




Optical-infrared monitoring

Compilation from Villar et al. 2017 Shappee et al 2017
Andreoni+; Arcavi+; Coulter+; Cowperthwaite+; Pian et al. 2017
Diaz+; Drout+; Evans+; Hu+; Kasliwal+; Smartt et al. 2017
Lipunov+; Pian+; Pozanenko+; Shappee+;
Smartt+; Tanvir+; Troja+; Utsumi+; Valenti+
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Optical-infrared monitoring
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Optical-infrared monitoring

Drout et al. 2017
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Nucleosynthesis

Kasen et al. 2013

Kilonova models
predict the emergence

' of broad features of r-
\ process elements
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Nucleosynthesis

Kasen et al. 2013

Kilonova models
predict the emergence
of broad features of r-

process elements
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Synthetic spectra computation
Kasen et al., Tanaka et al.

a b c
Squeezed dynamical Squeezed dynamical
v = 0.2¢c-0.3c v = 0.2¢-0.3c

Tidal dynamical Tidal dynamical Tidal dynamical
e v = 0.2¢-0.3c , , v =0.2¢-0.3c v = 0.2¢-0.3c

Disk wind Disk wind Disk wind

v<0.1c v<0.1c v<0.1c

Neutron star + neutron star Neutron star + neutron star Neutron star + black hole
Long-lived neutron-star remnant Remnant promptly collapses to black hole Black-hole remnant

Numerically solving the Boltzmann equation for relativistic radiation transport in a
radioactive plasma ....

Models assume spherical symmetry, local thermodynamic equilibrium, and uniform
abundances... Three tunable parameters are an ejecta mass, a mean velocity and a
fractional lanthanide abundance. Caveat: large uncertainties in the current atomic line

lists

Simply summing the flux produced by separate single-component models is clearly
questionable, but can be justified if eg. the kilonova components are spatially disjunct




Synthetic spectra computation

observations Pian et al. 2017,
— asd Smartt et al. 2017

—  M=0.040 v=0.15 log(Xlan)=-1.5 models Kasen 2017

— M=0.025 v=0.30 log(Xlan)=-4.0
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Flux [erg cm?2 s—1 A 1]

Synthetic spectra computation

observations Pian et al. 2017,
— asd Smartt et al. 2017

—  M=0.040 v=0.15 log(Xlan)=-1.5 models Kasen 2017
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Synthetic spectra computation

observations Pian et al. 2017,
Smartt et al. 2017

models Kasen 2017

— M=0.040 v=0.15 log(Xlan)=-1.5
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Synthetic spectra computation

observations Pian et al. 2017,
Smartt et al. 2017

models Kasen 2017

— M=0.040 v=0.15 log(Xlan)=-1.5
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modelling seems on the right track
long lived NS scenario is favoured




Heavy elements pollution

Merging neutronstars Exploding massive stars Big Bang
Dying low massstars Exploding white dwarfs Cosmic Ray Fission
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Heavy elements pollution
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Heavy elements pollution

- 4 .4 44
AAGdddadAd A A
ﬁ The kilonova produce I , ﬂ E B

the cosmic observed |
ratio of r-process

Optical/NIR daily spectroscopic monitoring

Mergin - \as the key to unveil the kilonova properties
Dying | s




X-ray

First detection .
tc = +9d with ”
Chandra

Short GRB view off-

axis by 20-40 deg
Or cocoon emission N

>

observer
Gv = 90°

oy

Troja et al. 2017

Luminosity

0.5-8.0 keV
26 August 2017
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First detection

tc = +16d with
+20 +10 0 -10 -20 +20 +10 0 -10 -20 +20 +10 0 -10 -20

VLA at 3_6 GHZ Offset (” Offset (“ : Offset ("
Hallinan et al. 2017

Offset from Galactic Nucleus (")

Short GRB view off-
axis by 20-40 deg
Oor cocoon emission

“I'=15; g=10%° erg ; n=0.025 cm?
~High E cocoon : I'=2; E=10% erg ; n=0.003 cm3
- =Low E cocoon : I'=2 ; E=10*° erg ; n=0.0034 cm
--=Off-axis jet: #=12°; 6, =30°; E._ =2 x 10°° erg ; n=0.001 cm™
] obs iso
* Detections at 3 GHz
¥ Upper limits at 3 GHz
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First detection

tC = +1 6d Wlth preromem D 4D +20 +10 0
VLA at 3-6 GHz

Offset from Galactic Nucleus (")
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Short GRB view off- o e

F |=High E cocoon : I'=2 ; E=10*° erg ; n=0.003 cm™
T Y - =Low E cocoon : I'=2 ; E=10*° erg ; n=0.0034 cm
— BlueKN (M=0.02M., 3=0.3) b |=-=Off-axis jet: "1:120 10,,=30° 1 E, =2 x 10% erg ; n=0.001 cm™

— Red KN (M =0.04M,, $=0.1) * Detections at 3 GHz
2 — ¥ Upper limits at 3 GHz
Alexander et al.
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GW170817

What next

GRB and X-rays: jet, cocoon or isotropic
ejecta: origin, composition and geometry
of different “components”

remnant: compact (BH or NS) and
extended (ejecta/ISM interaction)




GW170817

What next

GRB and X-rays: jet, cocoon or isotropic
ejecta: origin, composition and geometry
of different “components”

remnant: compact (BH or NS) and
extended (ejecta/ISM interaction)

new radio,
X-ray, optical
observations




We are still receiving EM radiation from AT2017gfo

D’Avanzo et al. 2018 Lyman et al. 2018
138d 18
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MarQUttl et al' 201 8 . model for off-axis relativistic jet
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The non-thermal synchrotron emission is consistent with both radially
stratified quasi-spherical ejecta traveling at mildly relativistic speeds, and
off-axis collimated ejecta characterized by a narrow cone of ultra-
relativistic material with slower wings extending to larger angles.




What next

« GRB and X-rays: jet, cocoon or isotropic
« ejecta: origin, composition and geometry
GW170817 of different “components”
« remnant: compact (BH or NS) and
extended (ejecta/ISM interaction)

learn from diversity:
Kilonovae e binary mass (NS+NS, NS+BH)
e viewing angle




What next

« GRB and X-rays: jet, cocoon or isotropic
« ejecta: origin, composition and geometry
GW170817 of different “components”
« remnant: compact (BH or NS) and
extended (ejecta/ISM interaction)

learn from diversity:
Kilonovae e binary mass (NS+NS, NS+BH)
e viewing angle

BH+BH really zero EM emission ?




GW170817

Kilonovae

BH-+BH

Supernova

What next

GRB and X-rays: jet, cocoon or isotropic
ejecta: origin, composition and geometry
of different “components”

remnant: compact (BH or NS) and
extended (ejecta/ISM interaction)

learn from diversity:
e binary mass (NS+NS, NS+BH)
e viewing angle

really zero EM emission ?

1 0'12 = 1 0'7 I\/Isunc2




GW170817

Kilonovae

BH+BH
Supernova

Statistics

What next

GRB and X-rays: jet, cocoon or isotropic
ejecta: origin, composition and geometry
of different “components”

remnant: compact (BH or NS) and
extended (ejecta/ISM interaction)

learn from diversity:
e binary mass (NS+NS, NS+BH)
e viewing angle

really zero EM emission ?
1 0'12 = 1 0'7 I\/Isunc2

Reconcile GW event rates with astrophysical
scenarios




What next

Binary mergers

LOW HIGH 02

Mpce My REF Dim 41 pays FOUND

NS+NS 0.01 10 Abadie2010 78 Mpc 0.006-6 1

NS+BH 6E-04 1 Abadie2010 150 Mpc 0-0.6 0

BH+BH O9E-03 0.24 Abbott2016 900 Mpc 5-140 5/6




What next

Binary mergers

LOW HIGH 02 03
[Mpc? Myr] REF DLim 118 DAYS FOUND Duwm 200 DAYS
NS+NS 0.01 10 Abadie2010 78 Mpc 0.006-6 1 120 Mpc 0.04-40
NS+BH 6E-04 1 Abadie2010 150 Mpc 0-0.6 0 240 Mpc  0.02-27

BH+BH O9E-03 0.24 Abbott2016 900 Mpc 5-140

5/6

1Gpc 12-320
100 Mpc 0.02-0.5




What next

Binary mergers

LOW HIGH 02 03

[Mpc? Myr] REF DLim 118 DAYS FOUND Duwm 200 DAYS

NS+NS 0.01 10 Abadie2010 78 Mpc 0.006-6 1 120 Mpc 0.04-40

NS+BH 6E-04 1 Abadie2010 150 Mpc 0-0.6 0 240 Mpc 0.02-27

BH+BH 9E-03 0.24 Abbott2016 900 Mpc 5-140 5/6

1Gpc 12-320
100 Mpc 0.02-0.5

S 5 Kpc neutrino driven Gossan et al. 2016
upernova 50 Kpc rapidly rotating

5 Mpc extreme scenario ( eg. collapsar )
rate ~1/3 yr (~300yr for collapsar... )

Triggered GW search for very nearby events
We (astronomers) need to provide accurate explosion time




What next

Follow-up facilities for O3

Optical/IR

e search: VST, Schmidt Campo Imperatore & Asiago, REM
e candidate selection: ESO NTT, TNG, NOT, Asiago

* follow-up instruments: ESO-VLT, LBT

X-ray
 SWIFT, XMM, CHANDRA

RADIO
 SRT, EVN




What next

Follow-up facilities for O3

Optical/IR

e search: VST, Schmidt Campo Imperatore & Asiago, REM
e candidate selection: ESO NTT, TNG, NOT, Asiago

* follow-up instruments: ESO-VLT, LBT

X-ray

« SWIFT, XMM, CHANDRA :
European collaboration for a

joint proposal of all ESO-VTL

RADIO units/instruments

 SRT, EVN




Search for
transients is “easy”

if we know where
and what to search

Distilling the right
source becomes
the bottleneck

oUso & V]

SON OF X-SHOOTER

SOXS is built by an
international
consortium led by
ltaly and involving
Israel, Chile, UK,
Finland and
Denmark.

Son OfF X-Shooter

SOXS (Son Of X-Shooter) will be a unique spectroscopic facility
for the ESO-NTT 3.5-m telescope in La Silla (Chile). The design
foresees a high-efficiency spectrograph with a resolution-slit
product of ~ 4,500, capable of simultaneously observing the
complete spectral range 350 - 2000 nm with a good sensitivity,
and with imaging capabilities in the visible band (ugrizY) over a
3’x3’ field of view.

Instrument development page @ ESO (link)
La Silla Instruments page @ ESO (link)

The SOXS loga has been
created by a collaborative
effort from Sergio
Campana & Federica
Loiacono




JWST

6.5m space telescope
near-mid infrared

launch spring 2019




JWST

6.5m space telescope LSST
near-mid infrared 8.4m optical telescope

3.5 deg FoV

launch spring 2019

2023

10 million alerts, 1000 pairs of exposures,
15 Terabytes of data .. every night!




rI'he four INAF cornerstones for l
the future of multi-wavelength

observatories
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rI'he four INAF cornerstones for l
the future of multi-wavelength
observatories

Because of the expected high number of triggers a
network of dedicated, flexible small scale facilities
are needed to distill the target for highly over-

subscribed facilities




