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The route for the EM counterpart

STEP 1
Search & Detect
Transients in the skymap
provided by LVC have to be
discovered and measured
as soon as possible

STEP 2
Observe & Characterize
The detected transients

have to be observed to infer
their nature

STEP 3
Follow & Study
Follow-up at all observable
A for an adequate time to
study the physical
properties of the
EM counterparts of GW

Telescopes with
large FoV
distributed at different
latitudes/longitudes

Computing Facilities
with fast and smart
software to select a
handful of transients

VST

Telescopes for
prompt spectroscopy
of selected
candidates at different
latitudes/longitudes

Telescopes with
large collecting area
to obtain light curves and
spectral features of the
EM counterparts of GW

VYV VYVY

A7

Proposals (ToO)
Observing strategies
Team 24H/7d

Data reduction
Procedures to search
transients in wide field
Images

Data analysis and
interpretation



GRAvitational Wave Inaf TeAm m

NS-BH/NS-NS merger physics 3 Transient sources
host galaxy identification Multi-Messenger multi-wavelength

formation history Science campaigns
kilonova identification PR e

Accretion
physics
: Jet physics
Physics Hubble
of constant
compact Star formation
syl Papers totally based on GRAWITA
r-process observations and/or leaded by
element GRAWITA and/or GRAWITA as
chemical partner of large collaborations:
abundances 12 papers, 2724 cited, 227 cit/paper
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G RAW'TA Science Board
. . E. Brocato (P.l.),
Organization chart E. Palazzi, E. Cappsliaro,

A. Grado, M. Branchesi,

S. Covino, A. Possenti
WG1 WG4

24H/7d OPERATION TEAM RADIO Follow-up
P. D’Avanzo M. Orienti

WG5
WG2
WIDE FIELD SEARCH HIGH ENERGY Prompt and

Follow-up
F. Getman A. Bulgarelli

CHARACTERIZATION and
FOLLOW-UP Optical and NIR

A. Melandri

THEORETICAL MODELS
R. Ciolfi

WG7
ARCHIVING and WEB
ACTIVITIES

L. Nicastro
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Human resources - INAF : 64 researchers (59 staff, 5 AdR) (6 FTE/yr for the period 2021-23)
* INAF ASSOCIATES: 20 researchers (GSSI, Universities) (~0.6 FTE/yr)

GRAWITA: Affiliation « LRA. BOLOGNA GRAWITA: Number of People per Working Group
« O.A. BRERA
« 0.A.S. BOLOGNA WG7: ARCHIVING &
o A ROMA WEB Activities 5 WG1: 24dH 7d OPERATION
3% TEAN 20
« 0.A. CAGLIARI
« O.A. CAPODIMONTE WG6: THEORETICAL WG1: 24H/7d m WG ?2: WIDE FIELD SEARCH
Models 25 OPERATION TEAM
= O.A. PADOVA 16% 20 26
= 0.A. ABRUZZO 13% WG3: CHARACTERIZATION
* O.A. TRIESTE & FOLLOW-UP in Optical
® LAS.F. MILANO WG2: WIDE FIELD NearlR bands 39
« UNIV. BOLOGNA SEARCH 26 mWG4: RADIO Follow-up 17
= GSSI WG5: HIGH ENERGY 16%
« ASI Prompt ant}l;zllow-up 27 WG5: HIGH ENERGY
UNIV. CALABRIA Prompt and Follow-up 27
T.N.G. WG3:
A CHARACTERIZATION mWG6: THEORETICAL
& FOLLOW-UP in Models 25
* UNIV. ROMA Optical NearIR bands

UNIV. COPENHAGEN WG4: RADIO Follow-up mWG7: ARCHIVING & WEB
« UNIV. PADOVA Activities 5

= LR.A. BOLOGNA
= LAS.F. MILANO
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Response to the first GW event (GW150914)

VST survey
performance

LVC alert

VISTA
La Silla-QUEST

Pan-STARSS1

SkyMppper TAROT

Contained probability (%)

GW170104 ~ 1200 deg?
GW170608 ~ 520 deg?
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Contained probability e iPTE
vs limiting magnitude 6 v 1w 1 0 a2 on

Magnitude limit
Data from Abbott et al 2016 (90% credible areas)
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Response to GW170817

These data revealed
signatures of the

radioactive decay of purely thermal spectrum
r-p rocess N \ (T =s0%0 II(rzgtial expansion
nucleosynthesis 3 1ax10ne / speed of ~0.2¢ P
providing the 5 :
first spectral . g
identification of 1:3: @
:

the kilonova _
emission due to 5x10-17
coalescence of two

neutron stars
e
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GRAWITA

LBT
VST
TNG
NOT
REM
NTT(ePessto)
Asiago
Loiano
Campo Imperatore
Savelli (unical)
SRT
Medicina+Noto
EVN+Merlin
SWIFT

ENGRAVE

Xshooter@VLT
MUSE@VLT
FORS2@VLT

HAWK-I@VLT
NACO@VLT
ALMA
HST
GTC

Executive Committee
Om Salafia

Andrew Levan (NL)
Kate Maguire (IRL)
Daniele Malesani (DK)
Susanna Vergani (F)

Governing Council
Marica Branchesi
Enzo Brocato

Paolo D'Avanzo

Jens Hjorth (DARK, DK)
Peter Jonker (NL)
Elena Pian (l)
Stephen Smartt (UK)
Jesper Sollerman (S)
Danny Steeghs (UK)
Nial Tanvir (UK) Chair

Leaders of working group + Instrument scientist
WG-IMG M.T. Botticella + A. Melandri (FORS2)
WG-SPEC L. Izzo + S. Benetti (FORS2)
WG-EPO S. Piranomonte

WG-EXT M.G. Bernardini

http://www.engrave-eso.org
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Observations in O3 and beyond:

During O3 (1 Apr. 19 — 27 Mar. 20) we carried out observational campaigns aimed at
the search of e.m. counterparts and follow-up of promising e.m. candidate
counterparts of 13 GW triggers

After the end of O3 (due to the COVID pandemic) we focused our observational
activities on the follow-up of KNe candidates found in surveys and of well-localised
(< 50 deg?) short GRBs found by Fermi/GBM. On this topic, we observed

2 KN candidates,1 short GRB, 1 candidate off-axis afterglow of a short GRB




Observations in O3 and beyond:
The results of these activities have been published in:

e 30 GCN circulars
1 ATel

1Transient Name Server Classification Report
1 refereed paper (Ackley+20, A&A, 643, A113) on S190814bv
BH + 2.6 Mg, object, 90% area 19 deg?, D = 240 Mpc -> VST, TNG
wide-field and galaxy targeted search, TNG follow-up &
classification of candidates, ENGRAVE coordinated campaign

2 papers in preparation
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Starting of 04 not
Abbott et al. 2020, LRR before June 2022

Courtesy of M. Branchesi

Target
330 Mpc

150-260
Mpc

Mpc

04 volume = 3*0O3 volume
O5 volume = 15*0O3 volume
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BNS NSBH
Area (deg?) Area (deg?) Area (deg?)
90% c.r. 90% c.r. 90% c.r.

+34 +24 +30
03 27075, 33077 280755

LOCALIZATION #04 a7

Observation  Network Expected Expected Expected
Run BNS Detections NSBH Detections BBH Detections

19 +22
0%, 1725

EXPECTED NUMBER C detection counts per one-calendar-year
observing run. Detection: SNR > 4 in at least two detectors and network SNR > 12

Abbott et al. 2020, LRR

RATE

Courtesy of M. Branchesi
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L

VRO' LSST Search Target of Opportunity mode !

> LARGE Field of View (9.6 deg?) for transient search
» Horizon increased ==> fainter sources (> 24.5)
> Galaxy-targeted observations are often not efficient

To completely cover the skymap of GW170817 . _
LSST needs less than 20 tiles/pointing (not optimized) to reach r~24.5 | Courtesy of G. Greco

Red line GW170817 peak @ 100 Mpc

E-ELT Follow-up Target of Opportunity mode ! | G\/.V17é817
—— peak @

Spectral resolution 5000

Spectroscopy magnitude for limit S/N=5
exp. time 3600 sec

nat.seeing GLAO MCAO
| 39m el

Courtesy of E. Cappellaro
Other fundamental players e.g. SOXS@NTT, MOONS@VLT, JWST, THESEUS, MeerKAT, ATHENA, SKA, CTA.
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Financial resources

Keu ro PRIN SKA/CTA 2016
PRIN 2017: The new frontier of Multi-Messenger —
Astrophysics: follow-up of electromagnetic transient 510 2015 rs. . Vettolani)
counterpart of gravitational wave sources (ref. E.
Cappellaro)
GRAWITA (ref. E. Brocato) 200
Progetti "unsolicited" 2015 (ref. G. Vettolani) 105 e o
PRIN SKA/CTA 2016: Towards the SKA and CTA era:
discovery, localization, and physics of transient sources 60

(ref. M. Giroletti)

The expenditure forecast is guided by the objective of maintaining and improving the level of excellence achieved by
GRAWITA in period 2014-2021. GRAWITA has 65 INAF member plus a dozen of associates from Italian universities, we
evaluated that running cost (networking, hardware) and Human Resources i.e. regular turnover (and formation) of
young researchers is requiring a budget of the order of 150 keuro/year.
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Criticalities

* Financial/human resources: formation of young researchers (general problem)
e Science: intrinsic high-risk science (new field astrophysics, possibility of breakthrough

discovery)

* Facilities: GW interferometers are increasing their discovery horizon, present ground

based e.m. facilities will have problem to observe e.m. counterparts of GW sources.

Perspectives: Gravitational waves come from astrophysical sources

To be ready for the next runs 04+05 (HLVK) (several proposals submitted in these days)

To improve the scientific and technological interaction between the GW communities of
INAF and INFN

To develop astrophysical scenarios and science cases exploiting the huge efforts on the
next generation of GW interferometers (ET, CE, LISA, LGWA)

To promote a ‘forum’ of the GW astrophysical community to facilitate the exchange of info
with the aim of improving the INAF leadership on the multi-messenger astrophysics
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Thank you !



