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1 The rosetta stone: What & How
GW/GRB/KN 170817
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BNS Scenarios
EM eﬁmission components <— Outflows (0, S, E)

1) Ultra-relativistic jet (I' ~ 100) —> Non
Thermal emission (GRB + AFTERGLOW)

2) Neutron rich ejecta —>
Thermal emission (Kilonova)

G. Ghirlanda
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BNS Scenarios

EM emission components <— Outflows (0, f, E)

1) Ultra-relativistic jet (I' ~ 100) —> Non
Thermal emission (GRB + AFTERGLOW)

Inclination (relative luminosity)
Distance (detectable component)

2) Neutron rich ejecta —>
Thermal emission (Kilonova)

G. Ghirlanda
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MM expectations

Colombo et al., 2022; 2023 (in prep)
Ronchini et al. 2022; Branchesi et al. 2023; ...

Binary formation + Stellar evolution codes

e Current BNS population models
R-MHD

Strong-B accretion

e EM emission models (170817)

Nuclear physics (KN) ;
jet (dynamics+emission) %) 1 %) 102
physics (GRB) GRB( ) GRB( )
O wn(0.1) O vn(10%)
0 ¢r5(0.01) O rn(10)
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MM expectations

Colombo et al., 2022; 2023 (in prep)
Ronchini et al. 2022; Branchesi et al. 2023; ...

Binary formation + Stellar evolution codes
Knowledge

—

e Current BNS population models e Refinement and evolution through 3G

R-MHD
Strong-B accretion

>

e EM emission models (170817) eImprovement/new EM facilities

Technology

Nuclear physics (KN)
jet (dynamics+emission) O 1 9 1
physics (GRB) GRB( ) GRB( )
O r(0.1) O A (10)
0 r5(0.01) O rn(1)
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Electromagnetic Facilities

e Field of view

eSearch /detection
eFollow up *Sensitivity Photometry /Spectroscopy / HR Imaging
(characterisation) e Resolution
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Electromagnetic Facilities

Search / detection e Field of view

e Follow up *Sensitivity Photometry /Spectroscopy /R Imaging

(characterisation) -
e Resolution
Ronchini et al. 2022
e band Flim Joint ET Joint (ET+CE)
T T INSTRUMENT FOV/4n loc. acc. N;p/N, N;p/N,
MeV ergcm 2 s~} +y-ray +y-ray
Fermi-GBM 0.01 - 25 0.5(*) 0.75 | Sdeg(®) | 33714 | 68*13% 47+14 95+5%
Distributed Swift-BAT 0.015-0.15 | 2x107° 0.11 | 1-3arcmin | 10%3 | 62*],% 134 94+5% Monaliths
architecture SVOM-ECLAIRs | 0.004-0250 | 1.792(*) | 016 | <10arcmin | 3*1 | 69*19% 4! 95+3% IMOIORIDE
— — SVOM-GRM 10.03-5 | 0.23(%) 0.16 ~ 5 deg 9rt | 59+69 147 | 92%3%
| THESEUS-XGIS | 0002-10 | 3x10® | 0.6 |<1S5Sarcmin | 10*5 | 63*3% |  15%¢ | 04769 ||
HERMES 0.05- 0.3 0.2(*) 1.0 1 deg 84742 | 6110 139+54 94769 | |
] 0o1-1 [ 1¢) | 10 | 20deg | 6072 [ 67739 | 840 | 958%%
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Electromagnetic Facilities

e Field of view

eSearch /detection
e Follow up *Sensitivity Photometry /Spectroscopy /HR Imaging
(characterisation) e Resolution

James Webb Space Telescope

Rubin

ObSérvétory

Several facilities (few to >10 m)

Z
O
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eSearch /detection

e Follow up
(characterisation)

>2024 for 10 yrs (O5 ... ET?)
@=8m

FoV=10 deg?

ugrizy, r =z 24 (27.5 stack)
1/2 sky 1000 visits
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Electromagnetic Facilities

e Field of view

*Sensitivity Photometry /Spectroscopy / HR Imaging

e Resolution  30Mpc 100Mpc 200Mpc 300Mpc
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Vera Ruby Observatory (VRO)

0 2 4 0 2 4

0 2 4
eEarly (<10 hr) discovery —> Blue KN time (days)  time (days)  time (days)  time (days)
e MM-KN enabled by TOOZ —0— Mg = 0.005M:  wvesen ZTF
Ms =0.01M. e DECam
¢ ~10 - 40 KN with 2-5% of ToO time from O5 to ET —o— Mq = 0.05M:  —— Rubin (30s)
vy =0.15¢  —— Rubin (180s)
(Andreoni et al., 2022; Branchesi et al. 2023) Acreon ot al 2009

e Catch BHNS KN (dimmer and more distant)



e Field of view

eSearch /detection
eFollow up *Sensitivity
(characterisation) eResolution

Extremely Large Telescope (ELT)

e Full KN characterisation and

spectroscopy
>2027 (ET) e GRB afterglow imaging /spectroscopy /
2=39m photometry
FoV=0.01 deg?
HST / WFC3 JWST /NIRCam  ELT / MICADO
0.3-20um,; T AN
~24-79 5 : - e i 1=19.6

RO Y s :_‘. ::':. s,
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e NRE e Davies et al (2021), The
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Electromagnetic Facilities

Photometry / Spectroscopy /HR Imaging

Credits: 1. Hook
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Electromagnetic Facilities

Search / detection e Field of view

oFollow up *Sensitivity Photometry /Spectroscopy /HR Imaging

(characterisation)

e Resolution

23°22'53.38"

SQUARE KILOMETRE ARRAY
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Electromagnetic Facilities

Search / detection e Field of view

oFollow up *Sensitivity Photometry /Spectroscopy /HR Imaging

(characterisation) . -
e Resolution ey
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Conclusions: pathways towards the future of MM (GW+EM) astronomy

GWADW 2023 - Elba May 21-26 G. Ghirlanda



Conclusions: pathways towards the future of MM (GW+EM) astronomy
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xowledge — Challenging discoveries

D ————

— — Z =8 HST + IRAC z=9JWST
107 —— z=9HST +IRAC z=8JWST
= Labbe’ et al., 2023 To be confirmed
o 10°F
13 ? “““““ K
= T Teeal e
s UF N
< F ~ = N
Q [~ ~ N\
[13] = N\
B N \
@ 10¢ - \
:é E \\ \\
3 . \ \
i AN \
103 — '\\ \\
g \ \
- \ \
x \
) | | 1 llllll L 1 Ll llllI\"; 1 1 1 l\\lllll L
102108 109 1010 1011 t[lllllllllIIIIII'I]'llllllllrlllllrl4
Limiting stellar mass (M) . - gy O | ‘ | .
Harikane et al., 2023 19 E 2~ 12 B 4 —
1 1 I 1 I i mo i D ]
—~~ - & = | /0
o _ = 5
N i = 107 F v E
ZQ ] = I i
* Discovery of massive galaxies at z>10 - . E 100k (N _
| - ] — >
- - . W
: : . . : > _ - i
e High star formation (MW like) in high z small [ ‘ S~ - ’g o —
) | : - — v v ,{A
— = 10 F a5
~ - : 7 s ; Yung+20) ]
galaxy ? i ks f\\i T ] 2z - —e— J Behroozi+20 | -
[:T_‘ i @ Donnan+22 \\ o _ Wilkins+2?2
& —4+  Harikanet+22 “\ — 10'8 - Mason+22 |
e Galaxy counts challenge formation models o0 [ (Const. SF efficiency) ] S W = ' W LR ) SIFES I S
= - === Madau&Dickinson 14 X . —24 —23 -22 21 20 —19 —18 —17
_5 | 1 | | I | 1 | | I | | | k I | | ]‘JI]\I
0 5 10 15



¥ 28 BBH Possible EM emission

Takawa et al. 2026
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