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The current (second generation, 2G)
GW detector network
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The 2G detector network timeline
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The 2G detector network timeline
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The 2G detector network timeline
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O1+02: The first GW transient catalog of
compact binary mergers (GWTC-1

B.P. Abbott et al. Physical Review 9,031040 (2019)
e ———————————————————————————————————————————————————————————————————————————————————————————————— 512
Event m/My m/Mo MMy xs  My/Mo  ay  Eng/(Moc?) £yeu/(ergs™) d/Mpe  z AQ/deg?
GW150914 356737 306737 286717 0011013 63.1535 069100  3.150% 36104 x 10% 4401550 009505 182
GWI51012 232447 13,644 15277 005193 3561058 06701 16708 32108 % 10% 108015 0.2115% 1523
GW151226 13735 7.7422 8907 018107 20.5%0¢ 0747007 1.0%07 34107 x 10 45015 0.09100% 1033
GW170104 30.8°77 20.0%f 21477 -0.04701] 48945 0.6670%F  2.270% 33406 x 10 990140 0.2010% 921
GW170608 11.0573 7.63% 79897 0031047 17.8%54 0.6910% 09700 35404 x 10 320412 0.0743% 392
GW170729 50.21167 34.04%!, 354785 037:07 7951137 0.81:01] 48717 42107 x 10% 284071450 04903 1041
GW170809 35.0°%3 23.8'%) 2497 0081011 563133 070700 27405 35106 x 10 1030433 0.2010% 308
GW170814 306738 252438 24141 00710 53257 072400 2704 37404 10% 60040 0.12:0% 87
[Gw1708171.46f§,’;,'§ 127400 11862060 000705 <28 <089  >004 >01x10% 40'), 00158 16 ]
GW170818 35.4%]5 26.7'4 2657F -0.09701 59.4%%¢ 0.67:08] 27507 34103 x 10 1060153 021500 39
GW170823 39.51%2 29.043] 292116 009107 65419 072100 3350 36101 x 10 1940150 035017 1666
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The third observing run O3
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https://gracedb.ligo.org/documentation/general.html
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O3: automatic and public alerts

Analysis
Pipelines

GW source candidates

F)u.biics

LVC followup

WI (LVC) “preliminary”
notice without human vetting*

GraceDB

* * on-site operators check detector status <1min for
unusual events (thunderstorms, trucks driving close
to the buildings, etc.)

» Experts and on-duty advocates check authomatic
results and data quality for validation (<15-30 min)

» pipeline experts check pipeline results, in

particular the significance of marginal triggers or

more candidate events close in time

pubtic

Alerts toﬂab/paﬂners

EM followup

4  THE ASTROPHYSICAL JOURNAL, 875:161 (20pp), 2019 April 20 https://doi.org/10.3847 /1538-4357 /ab0e8f
© 2019. The American Astronomical Society.

OPEN ACCESS

Low-latency Gravitational-wave Alerts for Multimessenger Astronomy during the

CrossMark

Second Advanced LIGO and Virgo Observing Run
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O3: automatic and public alerts

3 types of alerts are sent with different latencies

Time since gravitational-wave signal

Set Preferred Event .

Human Vetting [ Retraction Sent
Parameter Estimation [NRNENEE

Classification | Ale

10 sécond 1 mi'nute 1 h'our 1 ciay 1 week

Abbott+2020, arXiv:1304.0670v10
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O3: CBC signal identifier

- The probability that a Compact Binary Coalescence (CBC) is of astrophysical origin
(i.e. not noise — "terrestrial") and it belongs to one of 4 astrophysical class

G. Stratta 12

o moy 4 my =m; by definition,:n
§ BNS: both component masses <3 M,
9 BBH: both component mass > 5 M,
3 NSBH: one component mass < 3 M and the other > 5 Mg
e O Mass Gap: 3 M < one component mass < 5 M,
=5 Mo //
X o
E o MassGap L ] ] ]
S3m. classification can change in time as more
AN v . . . . .
Q _/BNs NSBH sophisticated data analysis algorithms are applied
+ . , , >
% 1Mo 3Mo 5Mo m https://gracedb.ligo.org/superevents/S190510g/view/
S
< BNS BNS Terrestrial Example:
Terrestrial | 2% Terrestrial [ % BNS identifier
NSBH | 0% NSBH | 0% NSBH | 0% orobability for
MassGap | 0% MassGap | 0% MassGap | 0% th BN S
BBH | 0% BBH | 0% BBH | 0% ed'd ¢
candiaate
o atiro json o ativn e, Submitted by o airosjsom o ativo. . Submitted by o atiro jsom . atio6 . Submitted by $190510g
LIGO/Virgo EM Follow-Up on May 10, 2019 LIGO/Virgo EM Follow-Up on May 10, 2019 LIGO/Virgo EM Follow-Up on May 11, 2019
04:03:48 UTC 17:50:39 UTC 18:54:31 UTC



https://gracedb.ligo.org/superevents/S190510g/view/
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O3: CBC signal identifier

- The probability that a Compact Binary Coalescence (CBC) is of astrophysical origin
(i.e. not noise — "terrestrial") and it belongs to one of 4 astrophysical class

o moy 4 my =m; by definition,:n
§ BNS: both component masses <3 M,
9 BBH: both component mass > 5 M,
3 NSBH: one component mass < 3 Mg and the other > 5 Mg,
e O Mass Gap: 3 M < one component mass < 5 M,
=5 Mo //
X
S y MassGap o ] . .
S3m. classification can change in time as more
(q\] vl . . . . .
Q _/BNs NSBH sophisticated data analysis algorithms \are applied
+ . , , >
E 1Mo 3Mo SMo m https: //qracedb ligo. orq/superrm i pa\( 5‘\3
< 0
< BNS P \\O \N’ Example:
Terrestrial | 2% Terrestrial "0 identifier
MaNZBH :ﬁ | \(‘a ‘.9“ MaNZBH zj probability for
ssGap | 0% | V% ssGap | 0%
BBH | 0% % Y\S BBH | 0% BBH | 0% the (?I:St
candiaate
o atiro json o ativn e, Submitted by o airosjsom o ativo. . Submitted by o atiro jsom . atio6 . Submitted by $190510g
LIGO/Virgo EM Follow-Up on May 10, 2019 LIGO/Virgo EM Follow-Up on May 10, 2019 LIGO/Virgo EM Follow-Up on May 11, 2019
04:03:48 UTC 17:50:39 UTC 18:54:31 UTC



https://gracedb.ligo.org/superevents/S190510g/view/
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GW source sky localisations

° Ws - All-sky probability surface density
distribution of the source’s sky position («Skymap»)

Skymap are generated with different methods that require
different computational times

Example of two skymaps for the same event

(BBH candidate S191215w)
https://gracedb.ligo.org/superevents/S191215w/view/

event ID: G357403
50% area: 250 deg? 50% area: 52 2
90% area: 923 deg? o .

aqQ
® @
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N

° B 600
. / 30° 300 S5 30
T f 1 ‘ @ ] \
[ | \ \ £ [ | \
‘ 0 ] ‘ ‘ ‘ o
° i 1 1 1 i 0° | 1 i ) i '
a 3" g : F F & " 21 18" 15 120 9 6" 3
30° -30° 30° : x . f / ,
o v
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TO+15 min T0+4.5 days


https://gracedb.ligo.org/superevents/S191215w/view/
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GW source sky localisations

° Ws - All-sky probability surface density
distribution of the source’s sky position («Skymap»)

Skymap are generated with different methods that require
different computational times

Example of two skymaps for the same event

(BBH candidate S191215w) \
https://gracedb.ligo.ora/superevents/S191215w/vic" s g(\s

T T QO%GZZeaQ 923 deg® 06((\9 90%6::ea: 361 deg®
o ) 30° N/\)Q 30
0 i e 1;" 120 ?l" y ¢ ‘ KO‘ A - 2;h 160 1;“ 12" ;“ (i'“ 3l’h n
-30° / K60\’0 -30° \ \ | /QQ / 7 ’ -30°
60 N ‘ . - * 60° & -60°
> |
BAYESTAR (923 dey, at 90%) LALINFERENCE (361 deg? at 90%)

TO0+15 min T0+4.5 days


https://gracedb.ligo.org/superevents/S191215w/view/
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03: GW source candidates


https://gracedb.ligo.org/superevents/public/O3/
https://dcc.ligo.org/public/0167/G2000497/002/G2000497_OpenLVEM_02Apr2020_kk_v2.pdf
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03: GW source candidates

Cumulative Count of Events and (non-retracted) Alerts

« 0O3: ~11 months O1 = 3, 02 =8, 03a =33, 03b =23, Total =67

- 56 GW source candidates - ~5
times the O1+02 sources

~
o

3

- 7BNS
50
- 5NSBH 02
- 37 BBH 40
« 4 Mass Gap 30

- Off-line analysis still on-going to
confirm candidates and classification ol
retract them

Cumulative #Events/Candidates
N
o

=y
o

pd’ZA XX 02024dve0 INFATUSAO L6170

00¢9/200/26%00029/291 0/211gnd/DI0"0DI|"00p//:sARY

* from: https://gracedb.ligo.org/superevents/public/O3/ 0
based only on: 0 100 200 300 400 500 600 700
. FAR threshold 0.5/month LIGO-G1901322 Time (Days) Credit: LIGO-Virgo Collaboratiol
* on-line classification



https://gracedb.ligo.org/superevents/public/O3/
https://dcc.ligo.org/public/0167/G2000497/002/G2000497_OpenLVEM_02Apr2020_kk_v2.pdf
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03: GW source candidates

Cumulative Count of Events and (non-retracted) Alerts
- 0O3: ~11 months 01 = 3, 02 =8, 03a =33, 03b =23, Total =67

- 56 GW source candidates - ~5
times the O1+02 sources

~
o

)]
o

a
o

O1 02 O3a  f03b

8

- 4 Mass Gap
- Off-line analysis still on-going to
confirm candidates and classification ol
retract them

(]
o

Cumulative #Events/Candidates
N
o

-
o
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00¢9/200/26%00029/291 0/211gnd/DI0"0DI|"00p//:sARY

I

* from:_https://gracedb.ligo.org/superevents/public/O3/ ol=—""
based only on: 0 100 200 300 400 500 600 700
FAR threshold 0.5/month LIGO-G1901322 Time (Days) Credit: LIGO-Virgo Collaboratio|

on-line classification

So far only two GW sources have been confirmed (i.e.
published): GW190425 (BNS) and GW190412 (BBH)| 3rXiv:2004.08342



https://gracedb.ligo.org/superevents/public/O3/
https://dcc.ligo.org/public/0167/G2000497/002/G2000497_OpenLVEM_02Apr2020_kk_v2.pdf
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THE ASTROPHYSICAL JOURNAL LETTERs, 892:L3 (24pp), 2020 March 20 https://doi.org/10.3847/2041-8213 /ab75f5
© 2020. The Author(s). Published by the American Astronomical Society.

OPEN ACCESS

GW 1 9 04 2 5 GW190425: Observation of a Compact Binary Coalescence with Total Mass ~ 3.4 M,

B. P. Abbott!, R. Abbott!, T. D. Abbott?, S. Abraham?, F. Acernese®>, K. Ackley®, C. Adams’, R. X. Adhikari!, V. B. Adya®,

Abbott, B P et al. ApJL 892, L3, 2020

=

3

Preliminary online classification of 2

GW190425 is NS-NS merger BNS_ event ID: G330561 %
. - .

—>e.m. counterpart is expected! Terrestrial | <1% distance: 15515 Mpc S

o

But 3 challenging factors: o -

...But 3 challenging factors: MassGap | 0% g

o

- DL~160 Mpc = much farther than BBH | 0% S

GW170817 (40 Mpc) z

)

. . 0 266 =

- Discovered with Mpc 2

LIGO-L: SNR=12.9 S

LIGO-H: offline - - . %

Virgo: SNR=2.5 amey . N B =

- => very coarse localisation / /\ /m P i N \ §

high terpart NN I s &

- no high-energy counterpart was R NN =

found (i.e. a coincident GRB) g'

~10000 deg? at 90% h

~3000 deg? at 50%



https://gracedb.ligo.org/superevents/S190425z/view/
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GW 190425

Abbott, B P et al. ApJL 892, L3, 2020

Binary component masses are
consistent with NS

M, = inconsistent with respect
to the total mass of Galactic
BNS expected to merger within a
Hubble time

Possible bias in Galactic PSR radio
surveys against massive BNS

expected to merge in <10 Myr

massive NS ma’}/ have weaker
magnetic fields”

Heavy NS-NS systems possible
formation origins:

Dynamical encounter (can select
heavier NS)

Low metallicity stars in isolated
binaries

G. Stratta

20

18 — X <089
! —— x<0.05
ol A T m; =1.61- 2.52 Mg
. / Different m2 =112 - 168 MO
§ spin priors
- for the two
g NS
1.2
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5 8 Galactic BNS different spin
© priors
= 10
_g 41 Galactic
8 BNS ‘,’ a .
A, -] (Farrow+2 |/ WL
1 o19) ﬁ 1 N
1018 —
9%0 22 250 275 300 325 350 35  4.00

Mior (M)



JAC - OAS 18/6/2020

FPEEETE
v R
03 _ NS-NS II\\O\P/ $190426¢
I

candidates ¥

S190910h
- 6 additional BNS

candidates with lower 200213t

confidence level

 https://gracedb.ligo.org/su
I perevents/public/O3/
|

[~ "BNS (49%), )
MassGap
(24%),
Terrestrial
(14%), NSBH
(13%)

BNS (61%),

Terrestrial
(39%)

BNS (63%),
Terrestrial
(37%)
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GW_skymaper'a\

at 90%

1131 deg?

>24000 deg?

2587 deg?

J ,\):Q BNS (77%), R
______________ - $191213g Terrestrial i .
- still under analysis... N @3% >4 4480 deg?
‘ﬁo ,[\}"Q BNS (86%), _ -
I v 3190901ap]  Terrestrial N 17ss deg?
: \\‘o (14%) '\-"i-u—-*-;
fc:—liow-—u,ra R
o QL A | ,\N $190425z BNS (>99%) &Y/ e L 2461 doc?
(see 2nd Fmr& \\0 2 N g
by Andrea) N (]
% \:\ ' 1166 deg?

- o o o o o o o O O O e e Ee e e e =


https://gracedb.ligo.org/superevents/public/O3/
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O3 - NS-BH
candidates

- 5 candidates so far

/

- $190814bv Iargest
probablllty (>99%)
DL~240 Mpc
- S/N=25 (3 detector network)

- LVC publication in
preparation...

- —> very precise localisation

Massive «fottow-up
campaign!

(see 2»@ og& bj

Andr

$190923y

5190930t

$191205ah

(ecant cenm )

NSBH (68%),
Terrestrial
(32%)

NSBH (74%),
Terrestrial

(26%)

NSBH (83%),

(15%)

NSBH (93%),
Terrestrial
(7%)

RETRACTED

GW skymap Area at 90%

2107 deg?

>24000 deg?

6378 deg?

$190910d

NSBH (98%),
Terrestrial
(2%)

2482 deg?

o

e

S190814bv

NSBH (>99%)

\ Lz

—/

7€0O/21and/S1UaA819dNs /b0 0bI| gpadeib;/ Sany


https://gracedb.ligo.org/superevents/public/O3/
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Future perspectives: GW detectors

Credit: Branchesi

- 04 - fall 2021 ?:

- Advanced Virgo+
(Phase 1)

- O5 = end 2024:

- Advanced Virgo+
(Phase Il)

- LIGO A+

- LIGO-India (+2025)

LRR, arXiv:1304.0670v10
mm O1 =0 02 == O3 == O4 == O5

LIGO
Virgo
KAGRA

LIGO-India

80 100
Mic Mic Mic Mic
50

110-130 160-190

30 90-120

Mfc Mic Mic

AdV+ Phase | AdV+ Phase Il
130+

8-25 25-130

Mic Mic

G. Stratta

Target

330 Mic

A+
150-260

Mic
Mic

Target

330 Mic

2015 2016

>2030 - 3rd generation > ~ O(10°)

NS-NS!

« Two main projects so far:

Redshift

» Einstein Telescope (EU)
» Cosmic Explorer (USA)

100 F

10 -

t t t } t t t t t t
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

== aLIGO
== ET
== CE

T -
Horizon
- 10% detected

50% detected

6 Loz-lruseerdém,es

I I
1 10 100 1000

Total source-frame mass [M]
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Future perspectives: GW sources sky
localization accuracy

LRR, arXiv:1304.0670v10 2G ET+2G

1.00 1.0

— BNS GW170817| |GW170818

--- NSBH
50754 oo 081
5 m O3/HLVK 5 2
S B O4/HLVK % 0.6 %
5 0,504 3 — detections o
g o — AQ < 1000deg? &
v 2041 7| ©
2 £ Y — AQ < 100deg N
E 2 — AQ < 10deg”
£ 0.25- — AQ < 1deg?
° Pl 1\:_

0.1 1 10 100 10 10 0.0 0.1 0.2 0.3 0.4 0.5
90% credible area (deg?) redshift

« Both with 2G and 3G, the bulk of GW sources will have localization >> deg?

« Electromagnetic counterpart searches = large FoV and fast reacting facilities



‘ cherenkov, telescope array

GW localization

»
CTA is the next gen. of Imaging ) o
Atmospheric Cherenkov - “Cnerenon | : =1
Telescopes, ~10x more sensitive meere INQ v 3
(20 GeV‘3OO TeV)e WIII be GW detector ) [i:)
completed by ~2025 A <
large FoV (tens of deg?) S »
arcmin source localization
fast pointing capabilities (<30s) run0406_MefgerlD000126._skymap.its
2V
CTA will follow-up GW sources & o
and/or localize short GRBs =)
@ N
Qo
Q) —
—+ O
o
0O _|'8
CTA activities @ OAS: =2
« Simulations of short GRB observations § €
and blind searches in large sky regions ) " S
* Development of Real Time Analysis GW skymap received by CTA from (é)
«  CTA sensitivity for transient sources a3 GW datectorigtwork alprt 3

1

[ E— 17.93°x 12,57
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TRANSIENT HIGH ENERGY SKY AND EARLY UNIVERSE SURVEYOR

- ESA mission project in competition with 2 0°

others projects (ENVISION and SPICA) 1 12
- - if selected for phase B (mid 2021), 1

launch date is 2032 .

- huge FoV = T. will detect the e.m.
counterparts of GW sources

« sky Iocallzatlgn accuracy of arcrryn/arcsec level Stratta et al. 2018
- fast communication of sky coordinates

Theseus will optimize the synergies Py ——
between GW_I_ni_:erferometers and NS-BH/NS-NS merger NIR (: xg’i:;br‘e hars ,[,;rl,.. ion Transient sources
excellent fac|||t|es, e.g. physics/host galaxy X-ray, Gamma-ray characterizatio ity
E ELT ;?igflcs;g;foarmahon campaigns
o - istory/kilonov
. Athena identification ]
- SKA = 1 N o s Accretion

physics

Jet physics

constant

r-process
element
chemical

abundances THESEUS SYNERGIES
https://www.isdc.unige.ch/theseus/



https://www.isdc.unige.ch/theseus/

Summary (15t part)

- O3: the era of public and fast alerts

- 56 GW source candidates, 2 GW sources have been
confirmed ->GW data analysis still ongoing and several
new publications are in preparation...

- fast reacting + large FoV e.m. facilities will be mandatory
even with full 5 detector network and with 3G detectors in
order to find the e.m. counterparts
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Extra slides
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Future perspectives with 2G

LRR, arXiv:1304.0670v10

Observation  Network Expected Expected Expected
Run BNS Detections NSBH Detections BBH Detections
12 19 22
03 HLV 17 0%, 174
52 91 89
04 HLVK 10%75 1] 797
Area (degz) Area (degz) Area (degz)

90% c.r. 90% c.r. 90% c.r.

34 24 30

03 HLV 270J_r20 330“:31 2804_r23
04 HLVK 331+ 50+8 41+7

Only a small fraction will be detected as short GRBs
- expected low rate of short GRB + GW (<1/yr)
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From LVC open call on 15-11-2018

Detection rates in O3

e Binary neutron stars (BNS)
o 1/month to 1/year
o Median 90% credible localization 120-180 deg?; 12-21% localized < 20 deg?®

e Binary black holes (BBH)
o few/week to few/month

e Neutron-star black-hole binaries (NSBH)
o Uncertain, estimates include zero

e Other transients
o Unknown

e LIGO-Virgo target contamination of public alerts

o Contamination ~10% of public alerts across all categories together
o BNS, NSBH & other transients may individually have higher contamination

LSC. FEca a (YN IRGD




JAC - OAS 18/6/2020 G. Stratta 32

BH mass from stellar evolution theory

300 T T 1T T T T T T T T T 1 Metallicity . g . L L L | g . B

200 { GW events i 2x107 10° | Mass gaps / IS
10° 10

merger product : %
100 - \ 17 ~50-150 My, = No BH are predicted here 1 =
; s & & 71 ] (pulsational pair instability SNe?) 1 2
i x 4 i Q
50 - 4 —
)
> 30 ; $ % ! ! S
201 I o
S N 2
& 104 GW-d 7 =
g ! -detected 1 S
' CBC component e
o masses :
3 - No BH are observe N
i I ©
2 1 o

1 - o o

l 1 I I Ll 1 1 l 1 I I I
S AT g 10 20 30 50 80 100 200 300
R qx\ SRR A mzavs Mo)w _
Initial progenitor star mass

LIGO/Virgo observations are biased towards high BH
masses due to larger volumetric sensitivity
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ATHENA MM Synergies, 5-6/5/2020

GW source sky localization with 3G

3G Einstein Telescope

1.0 ‘
40 Mpc ‘ s g=r§
. — 200 Mpc ‘ i
u.l. on the size ol 400Mpc |
of error box < ||~ 800Mpc '
g = 1600 Mpc
Network d 1 0% 90% | <100 <30 2 06} tad il
(Mpc) (deg®)  (deg®) |(deg?) (deg?) 3 o
40 2 8 100% 100% g 8‘
200 42 183 4%  40% § ''''''''''' S
ET 400 50( 187 837 36% 16% E ,t,
800 764 3485 11% 5% o o
1600 3994 1.7 x10% 5% 2% 2 A o0
Uniform ! 300p 1.7 x 10* > Sky 3% 2% 1 gy o
200 6118 >Sky | 1% 0% %= 100 107 10°' 10° 10! 102 10° 10% 2,
400 504 2.6 x 104 > Sky 0% 0% Size of 90% Credible Region (deg?) ;U
CE ’
800 >Sky >Sky | 0% 0% @
1600 SSky  >Sky | 0% 0% 3G network (ET+CE) =
Uniform ' 500p >Sky >Sky | 0% 0% Lor——-g= Mpe AT L A AT ~
40 2x 1072 8x 1072] 100% 100% —— 200 Mpc V(R -/ N
200 5x107' 1.8 |100% 100% 08{| T seomee [ A N
ET & CE 400 50( 2 7 100% 99% 5 —— 1600 Mpc Q
800 7 23 9% 94% H o6 T N
1600 27 85 92% 55% AN oty
Uniform * 500p 128 538 41% 12% ‘; BNS
1Uniformly distrijuted in the comoving vojume. § 0.4 +
£ i
3 3
0.2f
0-fo-2 16-3 16—2 : 10-1‘ ‘1<‘)° ‘ ibl | ié)z ‘ ‘1‘03 — ‘1(;)4

Size of 90% Credible Region (deg?)
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“Early warning” with 3G

G. Stratta

TABLE II: Statistical Summary of Results For Early

Warning
Network d n 100 0.5 2 5 10
(Mpc) sec hrs hrs hrs hrs
40 100% 100% 99% 66% 18%
200 58% 39% 13% 2% 0%
ET 400 500 28% 16% 4% 0% 0%
800 % 4% 0% 0% 0%
1600 3% 1% 0% 0% 0%
Uniform ! 3000 2% 1% 0% 0% 0%
40 100% 100% 99% 66% 18%
200 100% 74% 13.4% 2% 0%
400 500 98% 27% 4% 0% 0%
ET & CE g 51% 4% 0% 0% 0%
1600 5% 1% 0% 0% 0%
Uniform ' 5000 4% 1% 0% 0% 0%

1Uniformly distributed in the comoving volume.

A brief statistical summary of the results for early warning. In the
first row, we again use d to denote distance and n the number of
injections. The third to the seventh columns indicate the fraction
of detectable events that meet the early warning criteria within the

corresponding times.

34
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JAC - OAS 18/6/2020

O3: increased sensitivity

Binary neutron star inspiral range

I 1IGO-Hanford [ LIGO-Livingston [l Virgo

Angle-averaged range [Mpc]

BNS range [Mpc]

[ R R R R I R R .up
St e hometatot s 0 2% 5 15 0 05 B 15 N BB

Weeks from start of O2

Time [weeks] from 2019-04-01 15:00:00 UTC (1238166018.0)

B.P. Abbott et al. Physical Review
9,031040 (2019) https://dcc.ligo.org/public/0167/G2000497/002/G20004
97 OpenLVEM 02Apr2020 Kkk v2.pdf



https://dcc.ligo.org/public/0167/G2000497/002/G2000497_OpenLVEM_02Apr2020_kk_v2.pdf
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O3: “early warning” tests (June 2020)

- The inspiral signal of

103 F— ' H 32.0
some NS-NS (the : -~ 29Hz The time evolution of the
most nearby) enters in -~ 32Hz GW frequency and the
the detector frequency -- 38Hz cumulative SNR for a
band with SNR>11 up || 49Hz GW170817-like BNS L300
to tens of sec before O | system
5 - - 1024 Hz o=t
merger S z
E 422.0
- 10/6: 1-week test on 1189
experimental Cr
capability to produce BN
and dIStrIbUte early 1ot 35|0 3(I)O 2510 2(I)O 15;0 l(I)O I 5I(l) — (I)
Warnlng on replayed Time before coalescence (s)
data
- Results ?7?

https://emfollow.docs.ligo.org/userquide/early warning.html



https://emfollow.docs.ligo.org/userguide/early_warning.html

O1+02: The first GW catalog of compact
binary mergers (GWTC-1)

B.P. Abbott et al. Physical Review 9,031040 (2019)
Masses in the Stellar Graveyard

in Solar Masses

A

https://www.ligo.caltech.edu/image/ligo20181203a



https://www.ligo.caltech.edu/image/ligo20181203a
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Expected X-ray emission @ 200 Mpc

Figure by S. Vinciguerra

Flux [erg-s™'-cm™2]

THESEUS/SXI
<-100s

<- 1ks

THESEUS 100s [0.3-5]keV

THESEUS I1ks [0.3-5]keV

Einstein Probe 1ks [0.5-4]keV

GRB 130603B [0.3-10]keV @200Mpc
GRB 090510 [0.3-10]keV @200Mpc
Siegel & Ciolfi 2015b fiducial [0.3-5]keV

+ Hosseinzadeh et al. 2019 [4-10]keV (190425@200Mpc)

Ascenzietal. 2020, Ry = 10"cm, [0.3 — 5]keV (GW 170817 @200Mpc)

Source time since merger [s]

>

Ascenzietal. 2020, Ro=10"cm [0.3 — 5]keV (GW 170817 @200Mpc)
Xue et al. 2019 [0.3-10]keV @200Mpc

Bauer et al. 2017 [0.3-10]keV (z = 2.23) @200Mpc

Bauer et al. 2017 [0.3-10]keV (z = 0.3) @200Mpc

MAXI upper limit, Abbott et al. 2017 (GW170817@200Mpc)

Zhang 2012 fiducial

Kisaka et al. 2015 fiducial [0.3-10]keV

Metzger & Piro 2014 B=10"G [1-10]keV

Metzger & Piro 2014 B=10"*G [1-10]keV
Siegel & Ciolfi 2015b [0.2-10]keV

Zhang 2012

Kisaka et al. 2015 realistic [0.3-10]keV
Metzger & Piro 2014 [1-10]keV

Gao et al. 2013 casel

Gao et al. 2013 case2

Gao et al. 2013 case3
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High energy follow-up of GW 190425
and S190814bv

evi D: G330
50% area: 2806 deg? 50% area: 5 de
90% area: 10183 deg? S S 90% area: 23 de

60° \ S 60°

300 / 30°
0 / | | | | | \ 0
. , .
h

21" 18" 15" foh gh 6" 3h

30° T i 4 -30°

-60° i / ) 60

GW190425 (NS-NS) S290814bv (NS-BH)

- No simultaneous detection . INTEGRAL excess?
from: - ~100% coverage, SPI-ACS marginal

- INTEGRAL (GCN 25323) excess at TO+6s with SNR~3.7 (Martin-

o (G 25326, 25385 il

) gG.lbe'g\(T;CgéNS 3227’ 4215335) . SWift/BAT: ~ 7% coverage (GCN 24184)

T oWl ( 5341) - Fermi/GBM: 55.6% coverage (GCN

- Insight/HXMT (GCN 25365) 24185)

- Konus/Wind (GCN 25369) - Fermi/LAT: 37% coverage (GCN 24266)
. Izrfzi%gt)-HXMT/HE: 46% coverage (GCN

See 2+ part of the talk for the optical follow-up resulbs..



1o Mogley et al. 2018, Nature, 561, 355

JAC - OAS 18/6/2020

G. Stratta

Joint GW+EM observations: lesson learned

from GW170817

Right ascension offset imas)

Confirmation that BNS have a crucial role for
cosmic r-process nucleosynthesis

Ghirlanda et al. 2019, Nature, 363, 968

o o o
o o o
o @ =

(H, | GW170817) (km™' s Mpc)

p
o
o
2

o
o
=}

Planck
SHoES

Abbott+2017,
Nature, 551, 85

o
=]

| :
T T T T T T
80 90 100 110 120 130 140

Hy (km s~ Mpc™)

First direct evidence that NS-NS mergers
can generate a relativistictnarrow jet

T T T T T T T T T T T T

Pian, D’Avanzo et al. phase: |

2x10-16
Nature 2017 1.5 d
25 d
— 35d
' 4.5 d
":1.5x10"° 55 d
6.5 d
7.5 d
85 d
9.5 d
10.5 d |

10-16

Flux (erg s™! em”

5x10°17
I MJM N
0 n - . N i
5000 10000 15000 20000 25000
Wavelength (&)

First independent measure of HO that can
be relevant to solve the current
tensions with future observations
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Accepted by ESA ‘
for phase A study
planned for 2032+

InfraRed /

(IRT)

« 0.7mclass IR
telescope

« 0.7-1.8 ym band

« 10’x10’ FOV

* Imaging + moderate
resolution
spectroscopy
capabilities

Telescope

Rapid slewing bus (>10°/min)
Prompt downlink (< 10-20s)
64% sky coverage

Radiators
for XSls

Radiators
for XGIS

~ G. Stratta 41

X-Gamma rays Imaging
Spectrometer (XGIS)

3 coded-mask X-y ray
cameras

2 keV - 10 MeV band
FOV of ~2-4 sr,
overlapping the SXI,
~5 arcmin source
location accuracy

| Soft X-ray Imager (SXI)

- set of 4 sensitive
lobster-eye
telescopes

* 0.3-5keV band,

« FOV of ~1sr

* 0.5-1 arcmin source
location accuracy
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Future perspectives

100 [

- Honzon E
10% detected
50% detected -

10 |

Redshift

A

== alLIGO
=== ET

— CE
0.1 , By C T 3

1 10 100 1000 10000
Total source-frame mass [M;]

- 2025-2030 - full network of 2G GW interferometers
- >2030 - third generation GW interferometers
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GW 1 9041 2 arXiv:2004.08342

50% area: 37 deg?

- GW 190412 was a BH-BH merger at
DL~735 Mpc (z~0.15)

- Discovered with

- LIGO-L: SNR=15.6

- LIG-H: SNR=8.6

- Virgo: SNR=3.7
- very good localisation (156 deg?) but no
e.m. counterpart detection so far

- BH-BH components had very different
masses far (m; ~8 Mgy m, ~ 30 My) and
the most extreme mass ratio measured
SO

- This asymmetry in masses modifies the
GW signal and enable to better:

- Disentangle the distance and inclination
degeneracy

- the spin of the heavier black hole
- the system precession
- GR prediction of higher multipoles

90% area: 156 deg?
60°

Normalized energy
0.0 2.5 5.0 7.5 10.0 125 15.

500

LIGO Hanford

100
50

7€0/211aNd/SIuaAa1adNs /b0 ODI| GPaJE.Ib//.Sany

500

LIGO Livingston

100
50

Frequency (Hz)

500

100
50

—0.75 —0.50 —0.25 0.00 0.25
Time (seconds)

https://www.ligo.org/science/Publication-GW190412/index.php



https://gracedb.ligo.org/superevents/public/O3/
https://www.ligo.org/science/Publication-GW190412/index.php
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Some stats. 19 alerts including 8 retractions since the last OpenLVEM
telecon on Nov/21/20109.

03 Public Alerts by Month

Cumulative Count of Events and (non-retracted) Alerts

Total = 57 10
60
£ 0 (0 E
£* ot 2 O3a |/ 03b
b
£ 40 £
@
2 g
=]
o 30 S
i =
* b 4
] ]
> o
g% g
E z
2
310 f
0 0
0 100 200 300 400 500 600 700 Apr May Jun  Jul2019 Aug Sep Nov Dec Jan
LIG0-G1901322 Time (Days) Grodit: LIGO-Virgo Collaboration 2019 2019 2019 2019 2019 2019 2019 2020

B retracted [l not retracted

https://dcc.ligo.org/LIGO-G1901322/public

https://dcc.ligo.org/public/0165/G2000062/005/G2000062_OpenLVEM_16Jan2000_kk_v5.pdf



https://dcc.ligo.org/public/0165/G2000062/005/G2000062_OpenLVEM_16Jan2000_kk_v5.pdf
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THE THIRD OBSERVATIONAL RUN (O3)

OF ADVANCED LIGO AND ADVANCED VIRGO
SEARCH AND FOLLOW-UP OF OPTICAL/NIR COUNTERPARTS

Giulia Stratta
Andrea Rossi

Istituto Nazionale di Astrofisica (INAF), Osservatorio di
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I Outline

* More about GW 170817

GRAWITA

ENGRAVE

Ongoing works

Future perspectives (2)




GW170817

Three-In-One Event: GW signal, short GRB, and a kilonova

. T ¢ GRAWITA FollowUP
'./ ' & GRAvitational Wave Inaf TeAm

Pan-STARRS
archive

AT2017gfo-

'

v - d

LIGO/Virgo localization ’//

Wavelength (4)




Ln [erg/s Hz™1]

KN AT2017gfo and short GRBs

103!
1030 -
1029 _
1028 -
1027 -
1026 _
1025 _

1024 -

1023

GW170817 - AT2017gfo

GRB130603B and KN170817 at z=0.356
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Rossi, Stratta et al., 2020, MNRAS 493, 3379
See also Ascenzi et al., 2019
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* Constraints on the luminosity of the kilonova
* NIR component similar to AT2017gfo




Brightness [Vega mags]

16

17

18

19

20

21

22

23

GW170817 - AT2017gfo

KN AT2017gfo at larger distances

0.01<z<0.05

» Optical evolution faster than NIR!

T T T T T
AT2017gfo-like KN between 40 and 250 Mpc; R-band

H-band

Time [days]

Moving on from
Rossi, Stratta et al., 2020, MNRAS 493, 3379

Flux [p) vl

10! |

The problem is to localize EM
counterparts, not their follow-up

R-band peak magnitude vs redshift

redshift

~130Mpc O3 Ligo BNS range
~330Mpc O5 Ligo BNS range

™ | T LTS 7L A
r-band AT2017glo
blue KN constraints x(0.8,10] -1 18
SuUrveys 120
|\ VST imin o 22
- 24
LBT/VLT Optical 10min
2 26
\ - 28
O T A O, VY, W T e N S N VoA O e YR
0.6 0.8 1 1.2 14 1.6

Brightness [AB mag]



Gravitational waves @ INAF

GRAWITA: GRAvitational Wave Inaf TeAm @rall

GRAWITA Working Groups GOALS:
Large INAF community ~100 members (P.l. Brocato) e Search
Community with great experience studying transients (SN, GRBs) , * Follow-up
large FOV survey « Characterization
Group mails: of EM counterparts of
NG1 24H/7d OPERATION TEAM ( subscribers ), Leader: P. D’Avanzo GW events
WG2 WIDE FIELD SEARCH ( subscribers ), Leader: F. Getman
WG3 CHARACTERIZATION & FOLLOW-UP in Optical NearIR bands ( subscribers ), Leader: A. Melandri
WG4 RADIO Follow-up ( subscribers ), Leader: M. Orienti
NG5 HIGH ENERGY Prompt and Follow-up ( subscribers ), Leader: A. Bulgarelli WWW graWita inaf |t
WG6 THEORETICAL MODELS ( subscribers ), Leader: R. Ciolfi

WNG7 ARCHIVING & WEB ACTIVITIES ( subscribers ), Leader: L. Nicastro



Gravitational waves @ INAF

Multi-wavelength
Observing Facilities:

Visible: VST, LBT, TNG, NOT +
small telescopes [REM, 1.82m
(Asiago, IT), 1.52m (Loiano, IT), '

0.9m C. Imperatore, IT)] . TNG

Near-mid IR: 1.1m AZT-24 (C. v VI .
Imperatore,IT), IRAIT (Antarctica) T

Radio: 64m SRT (Cagliari, IT), 2x
32m (Medicina and Noto, IT)

7 nrr RAIL @dome d:j»{

ePESSTO, VISTA (Vinrouge), el a
MAGIC, SWIFT, INTEGRAL, AGILE =

SUPERGRAWITA

Collaboration: ENGRAVE,

GRAWITA publications during O1, O2 and O3: 18 refereed papers, 57 GCNs

https://www.grawita.inaf.it/publications/ /




e

Gravitational waves @ INAF

Follow-up
strategy

LIGO-H

(NOT AN EASY GAME)

LIGO-L

decide the best
observational strategy

Credit S. Covino
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Gravitational waves @ INAF

GWSsKky: used to generate a
sequence of pointings given a
specific Field of View
https://github.com/ggreco77/GWsky
(G. Greco, Urbino Univ.)

Each Field of View is accompanied
by descriptive statistics to manage
the sequence of pointings. N

Pipelines:
* Image subtraction B /
(E. Cappellaro INAF/OA-Pd)
* Photometry \_
(S. Covino INAF/OA-Brera) R
9


https://github.com/ggreco77/GWsky

TOOLS

Gravitational waves @ INAF

VST Browse: Skymap covered, everything about VST candidates, light
curves, online catalogs, image download
www.grawita.inaf.it/VSTbrowse (L. Nicastro, INAF/OAS)

+ Catalog: VST.r20190814_mrg - 21133 objs [ Filter cats HPX order: 6 (© 12.0686, -25.7496 5.85
WHERE Max objs: 1000 m X ® @& © I 3r XRemoveall
VST20190814 [] Get FITS of FoV 300 : pix + Candidates: cnd_116_257 - 6 objs i Oshow O eJli
Show | 10 K entries Search:
ID RA Dec mag “* MJDSTART 1 X _IMAGE 1
T JOD4421.64-260247.9 11.0901828439 -26.0466666032 13.98 58710.368 17144 .99¢

Showing 1 to 6 of 6 entries

20.5
Toggle column [ eMag — Area — a - b - FWHI o S
Show 10 [ entries I =
215
N RA Dec Mag “ eMag
22.0
1221 14.28436 -23.42565 11.411 °
B 225
843 14.27538 -24.65532 11.502 H
g 23.0
203 13.98515 -26.02627 11.53 s
1558 14.13794 -23.23334 11.665 240
565 11.0789 -25.80744 12.986 0.00 s
ference C (%) IS
LALInference MOC/(%): /@ :90.8: 508 10 949 10.43245 -20.20431 16.259 0.00 350
Aug 17 Aug 21 Aug 25 Aug 29 Sep

Simbad objects

Date of observation

Showing 31 to 36 of 36 entries

Dafarann~a Matalama

VST J004747.10-242641.5 - RA, Dec: 11.9462853278, -24.4448621

Sep 06

714

10


http://www.grawita.inaf.it/VSTbrowse

A

LIGO/Virgo

AGILE Real Time Analysis for GW Alerts

GILE system reacts to LIGO/VIRGO GW Alerts:

sending notifications to the AGILE Team

performing a real-time analysis of AGILE data to detect

possible EM counterparts. . i
The same system is used also for GRB and neutrino events. rigeria segnum

Developed and is running @ OAS Bologna Sl
Event TO (TT)
OAS Bologna responsible for the follow-up operations

Results also accessible through a mobile App
(AGILEScience)

People: A. Bulgarelli, N. Parmiggiani, V. Fioretti, L.
Baroncelli, M. Trifoglio, F. Gianotti, A. Addis

LIGO

298936_10
2017-08-23T13:13:58.500
57988.551371528
430578838.5

Visibility

MCAL PLOT = 100s

Results Stored
in a Database

11



Electromagnetic counterparts of gravitational
wave sources at the Very Large Telescope

* To use the ESO facilities to
research gravitational wave
events (since April 2019)

 Qver 250 researchers, with
both theoretical and
observational expertise.

* WWwW.engrave-eso.org

12



Follow-up strategy
Devoted to characterize the candidates

When to keep a look-out: everything, but
especially NS+*, or close BBH

When to trigger:

We follow-up counterparts reported
elsewhere (via GCNs https://gcn.gsfc.nasa.gov)

What it is? Spectroscopy (X-Shooter/FORS2)
is the answer

Operations

On-call schedule

Writing team
schedule

Working Groups

WG-IMG
WG-SPEC
WG-POL
WG-RADMM
WG-INFRAST
WG-THEORY
WG-EPO
WG-EXT

WG-KN-SEARCH
13


https://gcn.gsfc.nasa.gov/

Where to look for candidates? And
which candidates? ... not so easy

4 Bws_\
Terrestrial | 2%

NSBH | 0%
MassGap | 0%

Mollweide projection of bayestar.fits.gz
bayestar.png. Submitted by LIGO/Virgo EM

Follow-Up on Dec 13, 2019 04:38:30 UTC BBH | 0%
-
P ane N Terrestrial
w/ o N \i
" J, " :J, Sy _Qg“ e BNS
,\\\_\ ¥ S 4;%7' f 7 S
TTe—— " NSBH | 0%

0
Mollweide projection of LALInference.fits.gz MaSSGap 0 /0
LALInference.png. Submitted by LIGO/Virgo

EM Follow-Up on Dec 14, 2019 00:59:56 BBH | 0%
uTC

Sky localization GW classification
can change can change

\(31912139) / \(51905109) /




RESULTS GW190425

GW190425: second GW
signal from a BNS at 156+-
41 Mpc

Unfortunately only
Livingston(L1) and VIRGO were
observing

Localization >7000 deg? only
surveys

Wide search difficult: e.qg. ZTF,
Pan-STARRS <~25% final
skymap(~50 candidates)

GRAWITA: LBT and TNG could
exclude 2 candidates (both SN)
from ZTF and Pan-STARRS

Carini et al., GCN 24252; 1zzo et al., GCN
24208

50% area: 1378 deg?
90% area: 7461 deg?

Terrestrial | <1%

NSBH | 0%
MassGap | 0%
BBH | 0%

15



RESULTS S190814bv

S190814bv:
 first BHNS

« large distance 267%x52 Mpc NSBH _

(40 Mpc for GW 170817) MassGap | <1%

Terrestrial | 0%
BNS | 0%
BBH | 0%

Importance of a EM counterpart:

/- To give a precise sky localisation )

Can a BHNS merger produce heavy
elements like a BNS merger? (see
GW170817)

16



RESULTS S190814bv

ATLAS and VST Pan-STARRS

. : |
1t ENGRAVE paper T @
Ackley et al. 2020 arXiv:2002.01950v1
Wide-field survey observations and results D@
 ~80 candidates but no convincing &
electromagnetic counterpart in 33%-99.8% of the Nj
sky localization T e T e e
- GRAWITA: VST provided deep optical limits with - -
~ Y ~ Y i i 183 v v — VSTT — ps1z [ —19
coverage to ~90% (~60%) within 4 days (1 day) "y % e
19 v',‘,' v -18
fg 20 - '; & -17§
Exclude a KN with large ejecta mass M>0.1 Msun §21_ v . _1e§
(no AT2017gfo but some brighter GRB/KN) 5 %
22 vlo1s <
23 1 F—14
24 A i i ~13
10° 10!
Time (days)

AT2017gfo light curves and upper limits from wide filed campaign 17



RESULTS S190814bv

AT2017gfo light curves and upper limits from targeted search

Apparent magnitude @ 267 Mpc

1stENGRAVE paper 20 v —r —zt1
vy —_ — K
Ackley et al. 2020 arXiv:2002.01950v1 19 18
Targeted search of galaxies g h
€ 171 r 20
 Selected via probability to host the GW £
 Can reach necessary depth £ -161 4t
- We estimate that ~50% of galaxies g_ls_ -
could be covered
~14 - F23
N g e e
2 & Time (days)
L]
g . ‘ 198217": IR / \
.5 Future events at ~100 Mpc detected
e only by large facilities with both high
\ sensitivity and large field of view.
- /

VLT/HAWK-I
(TNG/NICS)




RESULTS S190814bv

HST — no kilonova

HST, WFC F140W

Declination

Stellar radial velocity offset

-27°04'30"

357 4

Stellar velocity map

0755747, 7* 473 47.0°
Right Ascension

ALMA observations:
Sep 5 and Sep 19

Detection only in B3 (from AGN)
(100 GHz)

Most likely aLLAGN in a SF galaxy
(in agreement with radio Dobie et al., 2019)

Paper in prep.

. Haradial velocity offset i
H-alpha velocity map [

-27°04'30" 4

-100
07557477 47.3% 47.0°
Right Ascension -150

Declination
Viaa (km/s)

"I Intensity map I
i 1
33 f‘""ﬂ\@ ' 1
a CO(1-0): colors |
250 - O B3 continuum: countours.

00"55M47°.55 47%,40 47°.30
ICRS Right Ascension

© Rosita Palladino (INAF/IRA)

MUSE

gas-versus-stars
counter-rotation

© Luca lzzo (DARK)

(s/unwnaq /A1)
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50% area: 852 deg?
90% area: 4480 deg?

60°

RESULTS S191213g

+ S191213g: BNS event at ~200 Mpc > |

« AT2019wxt: Candidate with rapid

evolution similar to blue KN 201+-80 Mpc
discovered by Pan-STARRS1 .
Terrestrial =/o
* GRAWITA: NSBH | 0%
1 TNG epoch (J band) MassGap | 0%
BBH | 0%

* ENGRAVE:

X-Shooter spectra: |
possible SN with I‘N
unusual rapid decay MQWM'
. “iun,*vqwm
' " !
Paper in prep. . "'nwlr,,k&q u
h’ #‘-WI" p m:r " mr._
# | SN_2019wxt - 2019-12-19 05:10:39 LBT / MODS2 (None) 05 A o
a I SN_2019wxt - 2019-12-19 01:24:45 VLT-UT1 / FORS2 (adHOcc)
17 SN_2019wxt - 2019-12-19 00:50:08 ESO-NTT / EFOSC2-NTT (ePESSTO+) 2500 —m o m— S o 2 O

Rest Wavelength (A)



RESULTS S191213g

25" Fl- T T T T T T3
'

ENGRAVE/ALMA observations of AT2019-wxt o -
1 epoch on March 5 2020 (> 3 months)
Band 3 (100 GHz)

050 -

Continuum peak 5.54e-4 Jy/beam S/N = 46

31°25'00" [

ICRS Declination
(s/ws'woaq/Ap)

55" I :

« We do not see the transient ...

501

* ... but host galaxy’s emission due to star formation ] I T S R -ns

01"55™43%.5 42°5 42°0D 41°5 41°0 40°
ICRS Right Ascension

* CO emission at transient location CO(1-0) line at 111.265 GHz (z=0.03)

30"

25" F T I l
|

20" B = 200

100

05“
o r % -100
31°25'00" - # ; 7

55" - B —200

ICRS Declination
IS
T T
LY
~
- P
- 3
| |
i
o
(s/wp)

50" 7 —300
N 0

45" [ I ! | | | L]

hegmy2s 5] s s s s
SDSS r-band " E I g1" 55" 455 425 42°.0 41°5 41°.0 40°5

ICRS Right Ascension
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Follow-up
(in the literature)

Savelli
S190408an (BBH)
S200115j (Mass Gap
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Waiting for O4

follow-up of nhon-GW kilonovae (blind searches)

GRAWITA:

Loiano TBD

TNG submitted

REM submitted

SRT accepted

NOT submitted

VST beyond 2021 call for ideas

LBT waiting for call
ENGRAVE:
VLT submitted

HST accepted

ALMA: valid until the end of
September 2021 with carry-over
until September 2022(!).
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Gravitational waves @ INAF

Super GRAWITA

* Proposed as PRIN-INAF project (coordination: A. Bulgarelli).

* Aimed at providing information from satellite data on the prompt electromagnetic emission associated with
GW sources. The main purpose is to provide the satellite status and results available to the GRAWITA
community in the shortest possible time.

* To develop a collaborative platform, the Super-GRAWITA platform, to enable a joint collaboration between
GRAWITA facilities and high-energy (HE) satellites (AGILE, INTEGRAL, Swift, Fermi) with INAF participation, for
prompt e.m. GW counterpart searches.

* A first prototype is under development within the AHEAD2 project, WP12.2 (OAS people: A. Bulgarelli, N.
Parmiggiani, A. Addis)

LIGO/Virgo

Science Alert

GCN GW Alert l
network Science Alert SG

’ collaboration

\ 4

AGILE, SWIFT , FERMI,

INTEGRAL SG facilities Sub-Threshold events (STE) l

sta@

\ 4

results




FUTURE PERSPECTIVE
in the 30s during 3G interferometers and ELT/JWST

—
r-band AT2017gfo
blue KN constraints x{0.8,10] -1 18
. . Surveys
3G GW observatories like 4 120 &
Einstein Telescope, Cosmic 100 L g
Explorer will increase the Eé il 12 <
BNS range beyond z=1 (2 3 I LSST 1 g
for CV) . 5
r e 4 o
LBT/VLT Optical 10min 26
\ 28
INAF is deeply involved in ELT and in particular INAF/OAS 10 ;g3 Y E——
redshift
in MAORY, the multi-conjucate AO system for MICADO which
first light is expected around 2027-2028 ; H-band AT2017glo ——
! KN constraints x{0.5,3] v 18
BNS limits: LVC,ET.CE - - - -
: 20 5
. Surveys g
= '\ THESEUS/IRT 12 g
= | . @
5 L \ LBTVITNIRAO 10min .|, g
“ [ JWST-ELT(NIR! spectra =)
' 23]
\ 26
; JWST-ELT(NIR] 2
2 I R RS SR TR MY TS RN SN S S S e .
10 0 0.5 1 15 2
redshift 25

Rossi, Stratta et al., 2020, MNRAS 493, 3379



FUTURE PERSPECTIVE
Short GRBs localized by THESEUS/IRT may help

18

20

22

24

26

28

18

20

22

24

26

Brightness [AB mag]

Brightness [AB mag]

e g T
r-band AT2017gfo
Time since GRB 130603B (d) blue KN constraints x(0.8,10] &
1 10
\\ T T T T TT II T l_ Sur—'/eys |
21 = X-ray 7
[ * FE06W -
2¢ * F160W - = VST 1min -
E =
23 l 3 I LSST |
I o
2 x
I v : 3 LBT/VLT Optical 10min
3 24 .’ 2 é
-‘E \ KN 5 %
§ 25— N ST - g )
P\ A 2 L L . e | e, !
2 25| " @ L = L o 0.5 1 15 2
VAN ] 3 redshift
Y \“\ \ 1 i
27'_ \\ X 3 . <| E-
\ \ | : =l : . L |
N Ty ad H-band AT2017gflo —
28— \ No® ll _| KN constraints x{0.5.3] i -
AR - = BNS limits: LVC,ET.CE - - - -
29 P - . ¢
1 1 1 1=>1 IIII 1 \ 1 \I\I II\.II \ I! T '
104 105 108 : ‘
Time since GRB 130603B (s) ; ; = ;
g : LBT/VLT NIR AQ 10min
Kilonova in short GRB 130603B: L JWST-ELTNIR} spectra
* Fainter than afterglow, : \ .
* but dominating NIR at late time! | JWSTELT(NIR] ' ;
(Tanvir+2013) - ... B

0 0.5 1 15 2



Summary (2" part)

« Constraints on Kilonova luminosity and perspectives on
the search for the KN counterpart

 GRAWITA followed-up all the most important events
including the first BHNS event

- ENGRAVE started operations

first paper: EM follow-up of the first BHNS event
« >1 year before O4 but ...

...we keep our eyes open for non-GW KNe
* Future perspective:

we need optical/NIR facilities with both high sensitivity
and large field of view
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GRAZIE
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