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Figure 3. Footprints of observations in comparison with the 50% and 90% credible levels of the initially distributed GW local-
ization maps. Radio fields are shaded in red, optical/infrared fields are in green, and the XRT fields are indicated by the blue
circles. The all-sky Fermi GBM, LAT, INTEGRAL SPI-ACS, and MAXI observations are not shown. Where fields overlap, the
shading is darker. The initial cWB localization is shown as thin black contour lines and the LIB localization as thick black lines.
The inset highlights the Swift observations consisting of a hexagonal grid and a selection of the a posteriori most highly ranked
galaxies. The Schlegel et al. (1998) reddening map is shown in the background to represent the Galactic plane. The projection is
the same as in Fig. 2.

instruments, depth, time, and sky coverage. Some optical can-
didate counterparts were followed up spectroscopically and in
the radio band as summarized in Table 2. The overall EM
follow-up of GW150914 consisting of broad-band tiled ob-

servations and observations to characterize candidate coun-
terparts are described in detail in Sections 3 through 5 of the
Supplement (Abbott et al. 2016g).

Findings from these follow-up observations have been re-
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Figure 1. Timeline of observations of GW150914, separated by band and relative to the time of the GW trigger. The top row shows
GW information releases. The bottom four rows show high-energy, optical, near-infrared, and radio observations, respectively.
Optical spectroscopy and narrow-field radio observations are indicated with darker tick marks and boldface text. Table 1 reports
more detailed information on the times of observations made with each instrument.

search are reported in Abbott et al. (2016c).

3. SKY MAPS

We produce and disseminate probability sky maps using a
sequence of algorithms with increasing accuracy and compu-
tational cost. Here, we compare four location estimates: the
prompt cWB and LIB localizations that were initially shared
with observing partners plus the rapid BAYESTAR localiza-
tion and the final localization from LALInference. All four
are shown in Fig. 2.

cWB performs a constrained maximum likelihood estimate
of the reconstructed signal on a sky grid (Klimenko et al.
2016) weighted by the detectors’ antenna patterns (Essick
et al. 2015) and makes minimal assumptions about the wave-
form morphology. With two detectors, this amounts to re-
stricting the signal to only one of two orthogonal GW polar-
izations throughout most of the sky. LIB performs Bayesian
inference assuming the signal is a sinusoidally modulated
Gaussian (Lynch et al. 2015). While this assumption may not
perfectly match the data, it is flexible enough to produce reli-
able localizations for a wide variety of waveforms, including
BBH inspiral-merger-ringdown signals (Essick et al. 2015).
BAYESTAR produces sky maps by triangulating the times,
amplitudes, and phases on arrival supplied by all the CBC
pipelines (Singer & Price 2016). BAYESTAR was not avail-
able promptly because the low-latency CBC searches were
not configured for BBHs; the localization presented here is
derived from the offline CBC search. LALInference performs
full forward modeling of the data using a parameterized CBC
waveform which allows for BH spins and detector calibra-
tion uncertainties (Veitch et al. 2015). It is the most accurate
method for CBC signals but takes the most time due to the
high dimensionality. We present the same LALInference map
as Abbott et al. (2016e), with a spline interpolation proce-

dure to include the potential effects of calibration uncertain-
ties. The BAYESTAR and LALInference maps were shared
with observers on 2016 January 13 (GCN 18858), at the con-
clusion of the O1 run. Since GW150914 is a CBC event, we
consider the LALInference map to be the most accurate, au-
thoritative, and final localization for this event. This map has
a 90% credible region with area 630 deg2.

All of the sky maps agree qualitatively, favoring a broad,
long section of arc in the southern hemisphere and to a lesser
extent a shorter section of nearly the same arc near the equa-
tor. While the majority of LIB’s probability is concentrated
in the southern hemisphere, a non-trivial fraction of the 90%
confidence region extends into the northern hemisphere. The
LALInference sky map shows much less support in the north-
ern hemisphere which is likely associated with the stronger
constraints available with full CBC waveforms. The cWB lo-
calization also supports an isolated hot spot near ↵ ⇠ 9h, � ⇠
5�, where the detector responses make it possible to indepen-
dently measure two polarization components. In this region,
cWB considers signals not constrained to have the elliptical
polarization expected from a compact binary merger.

Quantitative comparisons of the four sky maps can be found
in section 2 of the Supplement (Abbott et al. 2016g). The
main feature in all of the maps is an annulus with polar an-
gle ✓HL determined by the arrival time difference �tHL be-
tween the two detectors. However, refinements are possible
due to phase as well as amplitude consistency and the mildly
directional antenna patterns of the LIGO detectors (Kasli-
wal & Nissanke 2014; Singer et al. 2014). In particular, the
detectors’ antenna patterns dominate the modulation around
the ring for un-modeled reconstructions through a correlation
with the inferred distance of the source (Essick et al. 2015).
As shown in Fig. 2, the algorithms all infer polar angles that
are consistent at the 1� level.
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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).
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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
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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).
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Figure 7. SN candidates identified in our survey after GW150914. a. VSTJ54.55560-57.56763 observed on 2015, Sept. 17. b.
VSTJ56.28055-57.91392 observed on 2015, Oct.13. c. VSTJ57.77559-59.13990 observed observed on 2015, Sept. 18. The galaxy is at
redshift z ⇠ 0.11. d. VSTJ60.54735-59.91899 observed on 2015, Sept. 30. e. VSTJ61.20106-59.98816 observed on 2015, Sept. 30. f.
VSTJ69.55986-64.47089 observed on 2015, Sept. 17. g. VSTJ119.64244-66.71264 observed on 2015, Oct. 13. In all images the showed
field sizes are 30⇥30 arcsec, North is up and East to the left. The blue annuli represent the position identified by our pipelines.

the GW150914 alert and then it was below our detection
threshold at the end of our campaign.

• VSTJ119.64230-66.71255 was also detected during the
raising phase. It is located in the spheroidal galaxy
6dFJ0758321-664248 at redshift z ⇠ 0.047 (Jones et al.
2009). The light-curve is consistent with both a SN Ia or
a Ib/c.

Assuming all these objects are SNe and including the
three other SNe first discovered in other surveys (we did
not consider the likely AGN OGLE-2014-SN-094, Table 3),
we count 10 SNe. This can be compared with the expected
number of SNe based on the known SN rates in the local
Universe, the survey area, the light curve of SNe, the time
distribution of the observations, the detection e�ciencies at
the di↵erent epochs (c.f. Sect. 5.1 of Smartt et al. 2016a).
For this computation we used a tool specifically developed
for the planning of SN searches (Cappellaro et al. 2015). We
estimate an expected number of 15-25 SNe that suggest that
our detection e�ciency is roughly 50%.

4.2 GW151226

The follow-up campaign for GW151226 was also character-
ized by a prompt response to the trigger and deep obser-
vations over a large sky area (see Section 2) Di↵erent from
the follow-up campaign carried out for GW150914, the cov-
ered fields are at moderate Galactic latitude and close to the
Ecliptic. In fact, the total number of analyzed sources was
about an order of magnitude below the former case.

The diff-pipe procedure produced a list of 6310 can-
didates of which 3127 with high score. Performing a cross-
check of our candidate catalog with SIMBAD database
gave 54 matches with known variable sources. The candi-

date list shows a large number of transients that appear
only at one epoch due to the large contamination from mi-
nor planets, which was expected for the projection of the
GW151226 sky area onto the Ecliptic. A query with Sky-
bot25 showed a match of 3670 candidates with known minor
planets within a radius of 1000. The ph-pipe yielded 305
highly variable/transient sources (after removing the known
sources reported in the GAIA catalogue and the known mi-
nor planets). 90% of them are also part of the list provided
by the diff-pipe. Even for GW151226 most of the sources
identified by the ph-pipe and not included in the catalog
produced by the diff-pipe turned out to be real.

4.2.1 Previously discovered Transients

We searched in our candidate list the sources detected by
the Pan-STARRS (PS) survey from Table 1 of Smartt et al.
(2016b). Of the 56 PS objects 17 are in our survey area. Out
of these, 10 (⇠ 60%) were identified also by our pipelines as
transient candidates. The main reason for the missing detec-
tions is the lack of proper reference images. As mentioned
above, in the ESO/VST archive we could not find exposures
for the surveys area of the two triggers obtained before the
GW events. Therefore, we have an unavoidable bias against
the detection of transients with slow luminosity evolution
in the relatively short time window of our survey. The PS
candidates detected in our survey are:

• PS16bqa is a SN candidate first announced by Smartt
et al. (2016b).

25 http://vo.imcce.fr/webservices/
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Figure 3. Example of the output of artificial star experiments.
The detection e�ciency (DE) is defined as the ratio between the
number of detected stars and the number of injected stars in
specific magnitude. The plot shows the correlation between DE
and the magnitude for three pointings of GW151226 (p8, p58,
p70).

count the number of artificial stars that are recovered with
a score above the adopted threshold. The ratio of recovered
over injected stars gives the detection e�ciency as a function
of magnitude. An example of the outcome of this procedure
is shown in Fig. 3 for three di↵erent pointings following the
GW151226 trigger. The detection e�ciency vs. magnitude
empirical relation is well fitted by a simple function (Cappel-
laro et al. 2015) and can be used to measure the parameter
DE

50

, defined as the magnitude at which the detection ef-
ficiency drops to 50% of the maximum value. This depends
first of all on sky conditions, transparency and seeing, but
also on field specific properties, in particular crowdedness
and contamination by bright stars. In Fig. 4 we show the
measurements of DE

50

for all the pointings of the two GW
triggers as a function of seeing. We notice that, for good sky
conditions our survey can detect transients down to r ⇠ 22

though most observations are in the range 21 � 22 mag. On
the other hand, in case of poor seeing (FWHM> 1.5 arcsec)
the magnitude limit is ⇠ 20 mag.

4 RESULTS

We now know that both the gravitational wave events con-
sidered here, GW150914 and GW151226, were generated by
coalescence of black-holes. In the current scenario strong
electromagnetic radiation is not expected to occur, and in
fact none of the transients identified by the worldwide astro-
nomical e↵ort could be linked to the observed GW events.
However, the analysis of the data obtained in response to
the GW triggers is important both for evaluating the search
performances and for tuning future counterpart searches. In
the following we will give an overview of the results of our
search and describe a few representative transients, typically
candidate SNe, detected by our analyses with the purpose
to illustrate pros and cons of our approach.

An important limitation for our analysis is that the sky
areas surveyed after the two triggers were never observed

Figure 4. The limiting magnitude for transient detection (DE
50

)
as a function of seeing for the pointings of the two triggers dis-
cussed in this paper. The scatter is due to the fact that other
factors are a↵ecting the DE, first of all sky transparency.

before with the VST telescope and therefore we do not have
access to proper reference images. The consequence is that
for an e�cient transient search we had to wait for the com-
pletion of the monitoring campaign and could not activate
immediate follow up. For this reason, we only have few cases
of candidate SNe associated with galaxies with known red-
shift, for which we propose a possible classification.

Finally, for an external check of our survey per-
formances, we compared the candidate detected by our
pipelines with those found by other searches, when avail-
able.

4.1 GW150914

As described in Section 2, the VST observations started 2.9
days after the occurrence of the GW150914 event and just
1 day after the alert. The 90 deg2 observed sky area cap-
tured 29% of the initial cWB sky map probability and 10%
of the more accurate (but available later on) LALInference
sky map. Prompt response, survey area and depth make
a unique combination of features of our VST survey (see
Fig. 5) matched only by the DECam survey (Soares-Santos
et al. 2016) at least for what concerns the combination of
depth and area of the survey.

The total list of variable/transient objects selected by
the diff-pipe consists of 33787 sources (of which 11271
with high score). The number of sources provided by the
ph-pipe is 939. More than 90% of them are also detected
by the diff-pipe. The smaller number of sources detected
by the ph-pipe is due to i) the removal of all the “bright”
and/or previously known variable sources after the match
with the GAIA catalog and ii) the much higher adopted
detection threshold. Most of the sources identified by the
ph-pipe and not included in the catalog produced by the
diff-pipe turned out to be real and were typically located
in regions that needed to be masked for a reliable image
subtraction. Many of the diff-pipe candidates are known
variables.

As it can be seen from Fig. 1, some of the VST fields
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Figure 10. The expected fluxes (r band magnitudes) versus observed time from the GW150914 trigger, assuming several possible
electromagnetic GW source emission models at the given distance of 410 Mpc, plotted against the 6 epochs VST observation 5� limiting
magnitude (dark green triangles) and the detection upper limits computed from artificial stars in frame P31 (light green triangles). Blue
and cyan solid line: kilonova model from Metzger et al. (2010), assuming a radioactive powered emission for an ejecta mass 10

�2 M�,
outflow speed of v = 0.1c, iron like opacities, and thermalization e�ciency of 1 (cyan line) and a blackbody emission (blue line (Li
& Paczyński 1998) ) with the same values of the mass and velocity. Cyan dashed line: kilonova model from Barnes & Kasen (2013)
assuming an ejected mass of 10

�3 M� and velocity of 0.1 c and lanthanides opacity. Green solid line: kilonova model from Kawaguchi
et al. (2016) for a BH-NS merger with a BH/NS mass ratio of 3, ejected mass of 0.0256 M� and velocity v = 0.237c, hard equation of
state for the NS, and BH spin of 0.75. Red lines: kilonova disk-outflow models from Kasen et al. (2015), assuming accretion disc mass of
0.03 M� and a remnant hyper-massive NS (solid) or a remnant NS collapsing into a BH within 100 ms (dashed). Purple lines: simulated
o↵-axis afterglow light curve (van Eerten & MacFadyen 2011), assuming a short GRB with ejecta energy of E

jet

= 10

50 erg, interstellar
matter density of n ⇠ 10

�3 cm�3, jet half-opening angle of ✓
jet

⇠ 0.2 rad and an observed viewing angle of ✓
obs

⇠ 0.2 rad (solid) and
✓
obs

⇠ 0.4 rad (dashed) and a long GRB with ejecta energy of 2⇥10

51 erg, ✓
jet

⇠ 0.2 rad and an observed viewing angle of ✓
obs

⇠ 0.3 rad
(dot-dashed line). Blue asterisks: SN 1998bw associated with GRB980425 (Clocchiatti et al. 2011). Black solid line : R-band emission
from a BBH merging according to the model by Yamazaki et al. (2016).

time, the detection of a hypernova independently of its as-
sociated long GRB trigger.

The search for EM counterparts is very challenging due
to the large sky localization uncertainties of GW signals and
the large uncertainties on EM emission that GW sources
may produce. The improvement of sensitivity and sky local-
ization expected for the upcoming years, when Virgo and
possibly other interferometers will join the network, will in-
crease the chances to observe and better localize the coa-
lescence of binary systems containing a NS, events with a
significant EM signature (e.g. Metzger et al. 2010; Barnes &
Kasen 2013; Berger 2014).

The large number of GW events expected from future
runs (Abbott et al. 2016a,f) will require an enormous EM ob-
servational e↵ort. In the case the optimistic rates (available

in recent literature) will be confirmed, the present availabil-
ity of telescopes time involved in this research would not
be enough to properly perform the follow-up of all the GW
detections. LSST26 may partially solve the problem. The
spectroscopic characterization of many candidate counter-
parts remains the critical bottleneck, which may be some-
how mitigated by the availability of observational facilities
similar to SOXS, a fast spectrograph that will be mounted
at ESO-NTT (Schipani et al. 2016).

The sky areas observed for GW150914 and GW151226
reflect rather extreme properties for transients search. The
GW150914 area includes the outskirt of the LMC with thou-
sands of variable stars. The GW151226 area covers regions

26 https://www.lsstcorporation.org/science-collaborations
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