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& 2017/08/17 UT: 12:41:04.445710

TITLE: GCN/LVC NOTICE

NOTICE_DATE:Thu 17 Aug 17 13:08:17 UT
NOTICE_TYPE: LVC Initial Skymap

TRIGGER_NUM: G298048

TRIGGER_DATE: 17982 TJD; 229 DOY; 2017/08/17 (yyyy/mm/dd)
TRIGGER_TIME: 45664.445710 SOD {12:41:04.445710} UT
SEQUENCE_NUM: 1

GROUP_TYPE:1=CBC

SEARCH_TYPE: 0 = undefined

PIPELINE_TYPE: 4 = GSTLAL

FAR:3.478e-12 [Hz] (one per 3328022.5 days)

PROB_NS: 1.00 [range is 0.0-1.0]

PROB_REMNANT: 1.00 [range is 0.0-1.0]

TRIGGER_ID: 0x8

MISC: 0x1100001

SKYMAP_URL: htt

COMMENTS: LVC Initial Skymap -- a location probability map.
COMMENTS: This event has been vetted by a human.
COMMENTS: LIGO-Hanford Observatory contributed to this candidate event.




& 2017/08/17 UT: 12:41:04.445710

From: Bacodine <vxw@capella2.qsfc.nasa.qov>
Date: 17 agosto 2017 15:08:18 CEST
Subject: GCN/LVC_INITIAL_SKYMAP

TITLE: GCN/LVC NOTICE

NOTICE_DATE: Thu 17 Aug 17 13:08:17 UT

NOTICE_TYPE: LVC Initial Skymap

TRIGGER_NUM: G298048

TRIGGER_DATE: 17982 TJD; 228 DOY; 2017/08/17 (yyyy/mm/dd)
TRIGGER_TIME: 45664.445710 SOD {12:41:04.445710} UT
SEQUENCE_NUM: 1

GROUP_TYPE:1=CBC

SEARCH TYPE O = undefined

RIGGER ID: JXB
MISC: 0x1100001
SKYMAP_URL: htt

COMMENTS: LVC Initial Skymap -- a location probability map.
COMMENTS: This event has been vetted by a human.
COMMENTS: LIGO-Hanford Observatory contributed to this candidate event.




> t 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
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I 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

@rge error boxes (< ~40 d@

a specifie observational strategy

Galaxy targeting

Gamma emission
and precise localization
by satellite
(< few arcmin)

&
\» immediate follow-up of the source /

Very large error boxes (> ~40 deg?)
Wide field Opt-Nir search

\ Aasi et al. 2014, ApJS, 211 /
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> M’ Search for counterparts: wide field ,@
2.6m FoV = 1 deg? 0.61/0.91m FoV= 1 .3 deg? 0.67/0.92m FoV=1 deg?

PJ, Di ;7.. : : - PI: T masella)‘\

(Pl Cappellaro/Grado)

it oo 150 B VSIS &

Credlt G. Greco, Gwsky https: //glthub com/ggreco77/GWsky « B

: hours after LVC alert
: 50 - 90 deg? large contained probability
:r_lim ~ 21 (Cl & Asiago) - 22.5 (VST) mag

VST & Cl successfully operated in 01 & 02, Asiago ready for O3  Brocato et al. 2017
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) w Candidate classification / follow-up 9@
1.8 m telescope (Asiago) 3.6m (2x)8.2 m
optical imaging & spectroscopy optical/NIR imaging & spectroscopy optical/NIR imaging & spectroscopy

(Pl: Tomasella) (PI: Piranomonte) (P1: Palazzi)

3.6 m 85 m
optical/NIR imaging & spectroscopy optical/NIR imaging & spectroscopy
(PI: Botticella within ) - . (PI: P. D’Avanzo)

2012A 1IP pl

S000 S500 aaaa asaa 70aa 7500
Wavalangth [A]

Bt — 4 All successfully operated in O1 & 02

Piranomonte et al. in prep.



- BAT: 15-150 keV, 2 sr FoV 64 m antenna

- XRT: 0.2-10 keV, 0.15 deg? FoV - 300 MHz - 100 GHz

- ToO program (GRAWITA co-Is) - Targeted search

- Tiling - Follow-up

- Targeted search also Medicina & Noto radio telescopes (2x32m)
- Follow-up

Evans et al. 2016, 2017 Both successfully operated in O1 & 02 Aresu et al. GCN 21914



a Example of GRAWITA response ‘®)

%&2. Observafionsﬂ 3. Searchﬂ

GW150914
VST field P50 epoch 1

Machine
Learning
(Yang OAPd)

SUDARE PIPELINE

* Number of images: 2 200 images
(~18000x18000 px to map 1 deg?)
* Image size: ~ 1.3 GB / image

+ Calibration time: ~ 6.5 hrs for a set
of ~ 200 images (Grado & WG2:
VST center)

Characterization w

Telescopes: LBT / NTT/ TNG / NOT / Asiago
Collaborations: IPTF and PanSTARSS/PESSTO

| 4. Characterization
and follow-up

RS

Brocato et al. 2017



@\ 2017/08/17 UT: 12:41:04.445710 S

v *

Date: 17 agosto 2017 15:08:18 CEST False-alarm rate < 1 per ~8 X 10*years

Subject: GCN/LVC_INITIAL_SKYMAP

TITLE: GCN/LVC NOTICE

NOTICE_DATE:Thu 17 Aug 17 13:08:17 UT

NOTICE_TYPE: LVC Initial Skymap

TRIGGER_NUM: G298048

TRIGGER_DATE: 17982 TJD; 229 DOY; 2017/08/17 (yyyy/mm/dd)
TRIGGER_TIME: 45664.445710 SOD {12:41:04.445710} UT
SEQUENCE_NUM: 1

GROUP_TYPE:1=CBC

SEARCH_TYPE: 0 = undefined

PIPELINE TYPE 4 GSTLAL

MISC: 0x1100001

SKYMAP_URL.: https://gracedb.ligo.ora/apifevents/G298048/files/bayestar fits.qz
SKYMAP_BASIC_URL: https:/qgracedb.ligo.org/apibasic/events/G298048/files/bay
EVENT_URL: https:/fgracedb.liqo.org/events/G298048

COMMENTS: LVC Initial Skymap -- a location probability map.

COMMENTS: This event has been vetted by a human.

COMMENTS: LIGO-Hanford Observatory contributed to this candidate event. Eermi flight) \ s, GAMMA-RAY BURST
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2017/08/17 UT: 12:41:04.445710

From: Bacodine <vxw@capella2.gsfc.nasa.gov> iex
Date: 17 agosto 2017 15:08:18 CEST Position of the GW skymap on sky

Subject: GCN/LVC_INITIAL_SKYMAP Altitudes, Cerra Paranal Observatory 289.5972E —24.6253N, 2635 m above sea level
LST ———> 17" 4™ 18" 4™ 19" 4™ 20" 5™ 24" 5™ 22" 5™ 23h 5™ o' 5™ (M gm 2h g™
Sset  Twil Twil  S.rise
ur —>9 éz"sf" u“‘n'“ L i 10%5™

List of objects:

|
1 Object 13" 9™ —23°23

TITLE: GCN/LVC NOTICE zenith !
NOTICE_DATE: Thu 17 Aug 17 13:08:17 UT L
NOTICE_TYPE: LVC Initial Skymap o

TRIGGER_NUM: G298048 i

Numbers below curves

TRIGGER_DATE: 17982 TJD; 228 DOY; 2017/08/17 (yyyy/mm/dd) ore Moon dtonce
TRIGGER_TIME: 45664.445710 SOD {12:41:04.445710} UT comespording 7"
SEQUENCE_NUM: 1

GROUP_TYPE:1=CBC

SEARCH_TYPE: 0 = undefined

PIPELINE TYPE 4 GSTLAL

MISC: 0x1100001

SKYMAP_URL: httpsJ/gracedb .ligo.org/api/events/G238048files/bayestar fits.qz .
SKYMAP_BASIC_URL: https-//aracedb.liqo.org/apibasic/events/G298048/files/bayestar.fits.qz . o Pl tin
EVENT_URL: httpsJ//gracedb ligo.org/events/G298048 3 B 5 & 78 3 o«
COMMENTS: LVC Initial Skymap -- a location probability map. Miean Selar Zone Time, starting might 17 08 2017
COMMENTS: This event has been vetted by a human.

COMMENTS: LIGO-Hanford Observatory contributed to this candidate event.
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ESO508-33- /. .




W Observational strategies

The sky around GW170817 (~3 deg x ~2 deg)

i)

£,

The distance is a critical quantity for searching the EM counterparts



Observational strategies §

The sky around GW170817 (~3 deg x ~2 deg)
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The distance is a critical quantity for searching the EM counterparts



G ,U'J Observational strategies @

*

When the distance (including uncertainties) is available, (no mosaics) the best observing strategy is

Galaxy targeting strategy :

*Select a sample of galaxies using catalogs of galaxies with known distances. Constrains: position (LVC
skymap) + distance (in the range given by LVC)
*Start observations (telescopes with small FoV are OK!) giving priority to high mass (luminosity) galaxies

Inside the entire

LVC skymap of

GW170817

can be found

~50 galaxies in
ety the.range

a - 25 < d(Mpc) < 50

The number of galaxies increases
rapidly in a given region of the sky
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Hjorth et al. 2017



NGC 4993
Swope +10.9 h

image obtained
~20 days
before GW trigger




@ GW 170817: optical counterpart in NGC 4993 '@

archival (Pan-STARRS) |/ T+12h44m gl LVC + “partner astronomy

REM® groups” (201 7)

1ve other teams took images of

hour of the IM2H image (and before the SSS17a announce-
ment) using different observational strategies to search the
LIGO-Virgo sky localization region. They reported their dis-
covery of the same optical transient in a sequence of GCNs:
the Dark Energy Camera (01:15 UTC; Allam et al. 2017),
the Distance Less Than 40 Mpc survey (01:41 UTC; Yang
et al. 2017a), Las Cumbres Observatory (04:07 UTC; Ar-
cavi et al. 2017a), the Visible and Infrared Survey Tele-
scope for Astronomy (05()4 UTC; Tanvir et al. 2017 d)
and MASTER ( 1 2(0

Credlts A. Melandri (INAF-OAB)

pendent search

GRAWITA: REM detecton . = = . - [CEEEEE
~12.4 hours after GW trlgger ' ' ‘

wW

REM @ ESO La Silla (Chile)

primary mirror 60 cm in diameter:
-
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GW 170817: imaging and spectroscopic follow-up .@
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10000 15000 20000 25000
Wavelength (4)

Pian, D’Avanzo et al. 2017, Nature
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&l The Optical/nIR Transient <

I

Why temporal and spectral sampling (+ good S/N) are important

—— 2008D 1d
- AT2017gfo Salt 1d

The low S/N spectrum at 1 day matches
very well that of the supernova SN2008D /
XRF080109 (type Ibc) at a similar phase.

5000 6000 7000 8000 9000
wavelength

SN2008D
— 1.5d

— 35d | In a couple of day the peak of the
Spectral Energy Distribution shifts to the
near-infrared. Broad spectral features
appear that are completely different
from that of all known SN types.

6000 10000
wavelength




*

- Jagenk| The Optical/nIR evolution of the kilonova @

ESO VLT X-Shooter spectral sequence of GW170817

purely thermal spectrum
2x10-18 (T = 5000 K).

Initial expansion
/ speed of ~0.2c

1.5x10-16

A-1)

Flux (erg s~! em™2

Pian et al. 2017; o LB - , 7 s :
Smartt et al. 2017 5000 10000 15000 20000

Wavelength (&)

European Sou

4 Units Telescopes with
Primary Mirrors 8.2 m in diameter



Jet—ISM shock (afterglow)
Optical (hours—days)
Radio (weeks—years)

Ejecta—ISM shock
Radio (years)

Kilonova
tical (t ~ 1 day)

7
+ Merger ejecta
8 | ¢ Tidal tail and disk win
7 v~0.1-03c

> G
- -
P -

Metzger & Berger et al 2011



& 'W The host galaxy NGC 4993 -3

MUSE instrument operating on ESO VLT

Credit: ESO/J.D. Lyman, A.J. Levan, N.R. Tanvir

The host galaxy:

v

v

lenticular galaxy (SO galaxy type)
redshift z,,.;, = 0.00978 +/- 0.00002

Evidence of emission from gas (red in the image)
revealing a surprising spiral structure

relatively recent (~1 Gyr) episode of merger with
another galaxy

no globular cluster or young stellar cluster (with
Mass > few 102 Mo) at the position of GW170817



) "g," BNS Merger: further work on GW170817

I

e @ G

B L v

N6 @ 100) Ve

Results:

New distance evaluation of NGC 4993
Surface Brightness Fluctuation (SBF)
typical uncertainties are ~5% for distances < 1-200 Mpc

The basic idea is:

... closer & more grainy, more mottled
... farther <& less grainy, less mottled

fsge = 2inf2/2nf, (Tonry & Schneider 1988)

n; = number of stars in pixel i

f, = flux measured in pixel |

the sum is extended to all the pixel of the galaxy -

i.e.

SBF = Ratio of the 2" to the 18t moment of the
stellar luminosity function (LF)

v By using the SBF method on HST images we derive the most precise distance to

NGC4993d=40.7 =14 1.9

syst Mipc available to date

v' Combining our distance measurement with the corrected recession velocity of
NGC 4993 implies a Hubble constant H, = 71.9 = 6.3 km s™" Mpc™’
v Useful for the distance-inclination issue Cantiello et al. 2018



W GRAWITA vs LVC run O3 )

ENGRAVE

Electromagnetic counterparts of gravitational waves
at the Very Large Telescope

An European collaboration
of 196 ESO scientists

Governing Council : M. Branchesi, E. Brocato, P. D’Avanzo,
J. Hjorth, P. Jonker, E. Pian, S. Smartt, J. Sollerman,
D. Steeghs, N. Tanvir



&l | GRAWITA vs LVC run O3 o

ENGRAVE

VLT ToO Large Programme (submitted)
3 Periods P102 - P104 Oct 2018 - Mar 2020
Fully Covering O3
Requesting 180hrs of VLT
4 triggers @ 45hrs per event
All usable VLT instruments (depending on mag and SED of source)

Proposal writing team : S. Covino, A. Levan, K. Maguire, D. Malesani, S. Vergani




GRAWITA vs LVC run O3 e

ENGRAVE
Simple goal
every useful ESO instrument, every night

« 0.3 - 2.5 micron spectra (xshooter + FORS + 4 nature |
EFOSC2/SOFI if bright enough) Pign, Dvanzo eta
« 0.3 - 3.5 micron lightcurve (VST, NTT, VISTA, | Agmarttetal

FORS, HAWKI, NACO, REM) s\
« 1-3 mm afterglow emission (ALMA) \

. '.. . [PV VI PO Wt o
. VLT + MUSE IFU e (oo o5 s e s



GRAWITA vs O3 and beyond

Early ==Mid Late  =smDesign

60-80 60-100 120-170 190

Increasing the sensibility of GW detectors Mpc ino Mpe
move the horizon toward more distant E s - m
objects, i.e. fainters sources 65-85 65115 125

Mpc Mpc Mpc

s -

25-40 40-140 140
Mpc  Mpc Mpc

@ 200 Mpc | KAGRA | -

GW170817

| 1 | | | | |
2015 2016 2017 2018 2019 2020 2021 2022 2023
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120.5

] Expected multi-messenger event rates
] 21.5 BBH: at least a few per month
122.5 BNS: 1-10, possibly 1 per month

123.5 NSBH. uncertain, one or more in O3
§ TownHall Amsterdam 12-13 April 2018
: 24.5

125.5
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128.5

— —
© (0]
LI LI LI

[\Y)
o
1

AB Magnitude

H
5
8

sitivity [1/\@]
=
<

Strain sen:

=
o
1
N
=

T-T, (days)



@ GRAWITA vs O3 and beyond )

LSST
WF search

LSST (20227?):
8.4m, 9.6 deg?, r ~ 24.5, Chile,
6 bands (0.3 - 1.1um, wugrizy),
1000 visits over 10 years,
same RA, DEC every 3 nights

« deep sky

« galaxy catalogs

« identification false candidates

LSST has a EM/GW group (< GW LSST-Inaf team).
Part of LSST transients collaboration.



GRAWITA vs O3 and beyond

LSST

Large Synoptic Survey Telescope Corporation

Transients and Variable Stars workshop

Naples April 9-11, 2018

CORPORATION
INAF - Osservatorio Astronomico di Capodimonte

2023

LLSST Time line: Full Science

Operations

_//‘;#—
i ﬂ £ AT ; —

Base faclity complote

Rough site level complete NSF MREFC funding beging SLAG IRT facility ready 2asstnbycompte ogiegng sl ) )
Uone Sl Systinlegaton§ Sutte ozss 00101 ful SD\DHDQUDDIH[\DHS
00 G vt D0ECO2revo 0 C0 3o Lo e eadyfordome. substatnlconpeion s stat caty ot scaceveifili Survey Beging
1 | ‘ L] ‘ -
A | A 21 204 215 2016 an 2018 200 2020 202 202 2023
‘ € E 5 -
Protatype science sensor received it ser ottt G st ot S atin Science verification complete
Primary mirror complete first production Commissioning Camera A /\
2 scignce raft complete S &

dowerreaty

Y Cameraready at SLAC

Atchive it ready for
equipmentconfiguiaton

Courtesy of R. Margutti -




GRAWITA vs O3 and beyond

LSST Cadence alternatives: Rolling Cadence e

5-sigma depth per visit (mag) Single filter gap (days) (sq deg)
0

: 104
@ SST WFD

Rolling
cadence <26

Y. @ \ LssT-wrD i [0.2
5 - - 10

LSST-WFD
LSST-WFD

20

) g y i 4 Y Courtesy of F. Bianco

Scolnic+ 2017 ApJ 852,1
Dan Scolnic with Kessler, Biswas, Jha, Hlozek, DESC SNWG




@ GRAWITA vs O3 and beyond |

LSST

> LSST has a LARGE Field of View (9.6 deg?)
» LSST horizon increased ==> fainter sources (> 24.5)
> The strategy of targeting galaxies is unlikely to often succeed
Motling®color 1 bset T s i ot Bds i o foae D e e
Target of Opportunity |+ | &% =
mode ! o e

To completely cover the = | : \
skymap of GW170817 |\ | '
provided by LIGO/Virgo -~ |
Collaboration, :
LSST needs less than
20 tiles/pointing
(not optimized)
to reach r~24.5

Action:

« Make the case of TOO@LSST

« Design best ToO strategy for GWs

- Evaluate Observing time needed (< 1%)

vl Sourtesy of G. Greco' =

SOXS@NTT
MOONS@VLT



GRAWITA vs O3 and beyond e
E-ELT

Follow-up

E-ELT (20247?):

~40m, Adaptive Optics
corrected FoV 10 arcmin
e.g. MICADO

Image+spectr. 0.8-2.4 um, R~8000
FoV ~20-50 arcsec

€—— MICADO in J-band
- Seeing 06 with high efficiency
H! filter

iapai=iry
N o o l: JWST in J-band

MICADO sr;nr';lt'n'l't_\"(_.‘:Tf.r"% =5) — Maory PSF 6 LGS
31 :

@—— (i) JWST in K-band;
(i) MICADO with low
telescope + AO
background, and a
high efficiency filter

Magnitude(AB)

Exp. time (hours)

Broadband imaging sensitivity of MICADO as a function of integration time



The Multi-Messengers
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