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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 
λ for an adequate time to 

study the physical 
properties of the

EM counterparts of GW λtime

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

Telescopes with
large collecting area 

to obtain light curves and 
spectral features of the 
EM counterparts of GW

Telescopes with
large FoV

distributed at different 
latitudes/longitudes 

Telescopes for
prompt spectroscopy

of  selected 
candidates at different 

latitudes/longitudes 

VST

TNG

The route for the EM counterpart

Ø Proposals (ToO)
Ø Observing strategies
Ø Team 24H/7d
Ø Data reduction
Ø Procedures to search 

transients in wide field 
images

Ø Data analysis and 
interpretation

Ø …..
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NS-BH/NS-NS merger physics 
host galaxy identification 
formation history          
kilonova identification

Accretion  
physics

Jet physics

Star formation

r-process 
element 
chemical 

abundances 

Hubble 
constant

VST 2.6m  Optical
1 deg FoV

VISTA 2.6m  nIR 
1 deg FoV

MPG/ESO 2.2m Optical
VLT Unit 1 
8.2m  nIR

Multi-Messenger 
Science

Physics 
of 

compact 
objects

Transient sources 
multi-wavelength 

campaigns

Papers totally based on GRAWITA 
observations and/or leaded by 
GRAWITA and/or GRAWITA as 

partner of large collaborations:
12 papers, 2724 cited, 227 cit/paper
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WG1: 24H/7d 
OPERATION TEAM  

20
13%

WG2: WIDE FIELD 
SEARCH  26

16%

WG3: 
CHARACTERIZATION 

& FOLLOW-UP in 
Optical NearIR bands  

39
24%

WG4: RADIO Follow-up  
17

11%

WG5: HIGH ENERGY 
Prompt and Follow-up  27

17%

WG6: THEORETICAL 
Models  25

16%

WG7: ARCHIVING & 
WEB Activities  5

3%

GRAWITA: Number of People per Working GroupGRAWITA: Affiliation

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)
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GRAWITA follow-up of GW150914 and GW151226 9
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Figure 5. VST performance. In the top panel the time response
of VST in terms of time and contained probability is compared
to other facilities. The red vertical line marks the time of the
LVC alert to the astronomical community. A similar comparison
is plotted in the lower panel but in the abscissa the approxi-
mate magnitude limits are reported. The magnitude limits refer
to di↵erent photometric bands. The data are from Abbott et al.
(2016g,e).

overlap with the outskirt of the Large Magellanic Cloud
(LMC) which contributes with a large number of relatively
bright stars and many variable sources. This represents a
severe contamination problem in the search for the possible
GW counterpart. However, the LMC has been the target of a
very successful monitoring campaign by the Optical Gravita-
tional Lensing Experiment (OGLE)21. The OGLE survey is
fairly complete down to mag ⇠ 20 and has already identified
many of the variable stars in the field. A cross-check of our
diff-pipe candidate catalog against the SIMBAD database
gave a match for 6722 objects of which 6309 identified with
di↵erent type of variable sources, mainly RRLyrae (48%),
eclipsing binaries (23%) and a good number of Long Period
Variables, semi-regular and Mira (23%). The sky distribu-
tion of the matched sources reflects the LMC coverage by
both our and the OGLE surveys. We notice that, as appro-
priate, the fraction of SIMBAD variable sources identified
among our high score transient candidates is much higher
(55%) than for the low score candidates (26%).

4.1.1 Previously discovered Transients

Searching the list of recent SNe22, we found that in the time
window of interest for our search, three SNe and one SN
candidate were reported that are expected to be visible in

21 http://ogle.astrouw.edu.pl
22 We used the update version of the Asiago SN catalog
(http://sngroup.oapd.inaf.it/asnc.html, Barbon et al. 1999)

our search images, All these sources were detected in our
images, and in particular:

• SN2015F was discovered by LOSS in March 2015
(Monard et al. 2015) in NGC2442 (z ⇠ 0.0048) and classified
as type Ia with an apparent magnitude at peak of ⇠ 17.4.
The object was detected by our pipeline in the radioactive
declining tail.

• SN2015J was discovered on 2015-01-16 (Brown et al.
2014; Scalzo et al. 2015) and classified as type IIn at a red-
shift z ⇠ 0.0054 (Guillochon et al. 2017). In our images it
was still fairly bright at r ⇠ 17.8, fading to r ⇠ 18.5 in a
month (Fig. 6, right panel).

• OGLE15oa was discovered on 2015-10-16 (by OGLE-IV
Real-time Transient Search, Wyrzykowski et al. (2014)) and
was classified as a type Ia about 20 days after maximum on
2015-11-09 by Dennefeld et al. (2015). Most of our images
are pre-discovery and the pipeline detected the transient at
mag r ⇠ 18.8 in the images obtained in the last epoch, 2015-
11-16.

• A special case is OGLE-2014-SN-094, which was discov-
ered on 2014-10-06 and initially announced as a SN candi-
date (Wyrzykowski et al. 2014). The source showed a second
outburst in May 2015 and again in Nov 2015 (Guillochon
et al. 2017). We detected the source at the end of our mon-
itoring period at a magnitude similar to that at discovery
(r ⇠ 19.5, Fig. 6, left panel). The photometric history indi-
cates that this is not a SN but more likely an AGN. A UV
bright source, GALEXMSC J044652.36-655349.9, was also
detected at the same position23.

4.1.2 Transient candidates

In addition, we also singled out a few objects that most likely
are previously undiscovered SNe (Fig. 7).

• VSTJ54.55560-57.56763: the source was fading after the
detection during our first epoch observation. It is located
close to an edge-on spiral galaxy PGC145743 (HyperLEDA,
Makarov et al. 2014). No redshift is available.

• VSTJ56.28055-57.91392: this source was caught dur-
ing brightening. It is located close to a spheroidal galaxy
( 2MASXJ03450711-5754466 in HyperLEDA). No redshift
is available.

• VSTJ57.77559-59.13990 was likely detected close to
peak (r ⇠ 19.4 mag). It was located in the arm of the face-
on, barred spiral galaxy PGC141969 at redshift z ⇠ 0.11
(The 6dF Galaxy Survey Redshift Catalogue, Jones et al.
2009). The transient absolute magnitude was then brighter
than ⇠ �19. In Fig. 8, top panel, we show our photometry
(assuming the distance obtained from the redshift of the
likely host galaxy, i.e. z ⇠ 0.11) superposed to the light-
curve of SN1998bw (Galama et al. 1998; Patat et al. 2001;
Iwamoto et al. 1998). SN 1998bw was associated with the
long GRB980425 (Pian et al. 2000) and it is the prototype
of the broad-lined stripped-envelope SNe events SN Ib/c
(Iwamoto et al. 1998; Mazzali et al. 2013). From this compar-
ison we estimate that the SN explosion occurred about three
weeks before our first observation, that is in late August

23 http://ned.ipac.caltech.edu

MNRAS 000, 1–?? (2017)

VST survey
performance 

LVC alert

Contained probability 
vs Time response

Contained probability 
vs limiting magnitude

Data from Abbott et al 2016
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Figure 1. Footprints of the VST r band observations over the contours of the initially distributed cWB localization map of GW150914.
Each square represents the VST Observing Block of 3⇥3 deg2. The lines represent the enclosed probabilities from a 90% confidence
level to a 10% confidence level in steps of 10%. The probability region localized in the northern hemisphere is not shown. The ten
tiles enclose a localization probability of ⇠ 29%. DSS–red image is shown in the background. An interactive skymap can be found in
https://www.grawita.inaf.it/highlights/.

Figure 2. Footprints of the VST r band observations over the contours of the initially distributed BAYESTAR localization map of
GW151226. From left to right, the VST coverage in the northern and southern hemispheres is shown. Each square represents the VST
Observing Block of 3⇥3 deg2. The lines represent the enclosed probabilities from a 90% confidence level to a 10% confidence level in steps
of 10%. The eight tiles enclose a localization probability of ⇠ 9%. DSS–red image is shown in the background. An interactive skymap
can be found in https://www.grawita.inaf.it/highlights/.

GW150914

The VST responded promptly to the GW150914 alert by
executing six di↵erent OBs on 17th of September, 23 hours
after the alert and 2.9 days after the binary black hole merger
time (Brocato et al. 2015a). In this first night observations
covered 54 deg2, corresponding approximately to the most
probable region of the GW signal visible by VST having an
airmass smaller than 2.5. The projected central region of the
Large Magellanic Cloud (with a stellar density too high for
our transient search) and the fields with bright objects were
excluded from the observation. On 18th of September the
sky map coverage was extended by adding a new set of four
OBs, for a total coverage 90 deg2. New monitoring of the
90 deg2 region was repeated (Brocato et al. 2015b) over two
months for a total of six observation epochs.

Fig. 1 shows the cWB sky locations of GW 150914 and
the VST FoV footprints superimposed on the DSS-red im-
age. The coloured lines represent the enclosed probabili-
ties from a 90% confidence level to a 10% confidence level
in step of 10%. For clarity, the probability region local-
ized in the northern hemisphere is not shown. The VST
observations captured a containment probability of 29%.
This value dropped to 10% considering the LALinference
sky map, which was shared with observers on 2016 January
13 (LIGO/VIRGO Scientific Collaboration 2016). This sky
map generated using Bayesian Markov-chain Monte Carlo
(Berry et al. 2015), modeling the in-spiral and merger phase
and taking into account the calibration uncertainty is con-
sidered the most reliable and covers a 90% credible region
of 630 deg2 (LALInf, Abbott et al. 2016e).

MNRAS 000, 1–?? (2017)

GW150914 ~   600 deg2

GW151226 ~ 1000 deg2

GW170104 ~ 1200 deg2

GW170608 ~   520 deg2

(90% credible areas)

Response to the first GW event (GW150914)

Magnitude limit
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Response to GW170817 

Chandra

GRAWITA



European Southern Observatory
Very Large Telescope (VLT)

These data revealed 
signatures of the 

radioactive decay of 
r-process 

nucleosynthesis 
providing the 
first spectral

identification of 
the kilonova

emission due to 
coalescence of two 

neutron stars
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photometric evolution 

VST

VLT

REM
purely thermal spectrum
(T = 5000 K).   

Initial expansion
speed of ~0.2c

ç
tim

e 

Pian et al. 2017;  Smartt etal. 2017

Response to GW170817 
Xshooter@VLT
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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

Governing Council
Marica Branchesi
Enzo Brocato
Paolo D'Avanzo
Jens Hjorth (DARK, DK)
Peter Jonker (NL)
Elena Pian (I)
Stephen Smartt (UK)
Jesper Sollerman (S)
Danny Steeghs (UK)
Nial Tanvir (UK) Chair

Executive Committee
Om Salafia
Andrew Levan (NL)
Kate Maguire (IRL)
Daniele Malesani (DK)
Susanna Vergani (F)

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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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
O3a (LVC catalogue published) + O3b (LVC catalogue not yet published, events still pending confirmation)

Observations in O3 and beyond:

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 deg2) 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
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Observations in O3 and beyond:
The results of these activities have been published in:
• 30 GCN circulars
• 1 ATel
• 1Transient Name Server Classification Report
• 1 refereed paper (Ackley+20, A&A, 643, A113) on S190814bv

BH + 2.6 MSun object, 90% area 19 deg2, 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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Observing run timeline and BNS sensitivity evolution

Starting of  04 not
before June 2022

O4 volume = 3*O3 volume
O5 volume = 15*O3 volumeAbbott et al. 2020, LRR

Courtesy of M. Branchesi
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Abbott et al. 2020, LRR

EXPECTED NUMBER OF DETECTIONS FOR O3 and O4
detection counts per one-calendar-year observing run

Detection: SNR > 4 in at least two detectors and network SNR > 12

LOCALIZATION

RATE

BNS NSBH BHBH

EXPECTED NUMBER OF DETECTIONS FOR O3 and O4 detection counts per one-calendar-year 
observing run. Detection: SNR > 4 in at least two detectors and network SNR > 12

Courtesy of M. Branchesi



VRO-LSST
Ø LARGE Field of View  (9.6 deg2) for transient search
Ø Horizon increased ==> fainter sources (> 24.5)
Ø Galaxy-targeted observations are often not efficient

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

Other fundamental players e.g. SOXS@NTT, MOONS@VLT, JWST, THESEUS, MeerKAT, ATHENA, SKA, CTA..
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Follow-upE-ELT 

Search

Spectroscopy
Spectral resolution 5000  
magnitude for limit S/N=5 
exp. time 3600 sec

Target of Opportunity mode !

Target of Opportunity mode !

Courtesy of E. Cappellaro

Red line GW170817 peak @

GW170817 
peak @
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PRIN 2017 (ref. E. Cappellaro)
58%

GRAWITA (ref. E. Brocato)
23%

Progetti "unsolicited" 
2015 (ref. G. Vettolani)

12%

PRIN SKA/CTA 2016 
(ref. M. Giroletti)

7%

Keuro
• PRIN 2017: The new frontier of Multi-Messenger 

Astrophysics: follow-up of electromagnetic transient 
counterpart of gravitational wave sources (ref. E. 
Cappellaro)

510

• GRAWITA (ref. E. Brocato) 200

• Progetti "unsolicited" 2015 (ref. G. Vettolani) 105
• PRIN SKA/CTA 2016: Towards the SKA and CTA era: 

discovery, localization, and physics of transient sources 
(ref. M. Giroletti)

60

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.

Financial resources
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Criticalities
• Financial/human resources: formation of young researchers (general problem)
• 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 O4+O5 (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 !


