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IR emission from GW sources

Credits: Rosswog



COME TO THE IR 3SIDE

NS-NS / NS-BH mergers: Collimated EM emission from Short GRBs

Crashing neutron stars can make gamma-ray burst jets
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COME TO THE IR 3SIDE
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NS-NS NS-BH Merger

t=0.025% ms

S. Rosswog
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prime candidates to be detected by

terrestrial gravitational wave detectors.

They likely are the 'engine' behind short

gamma-ray bursts.

They likely produce the heaviest
elements (such as platinum or gold) in the

cosmaos.

The radioactive decay of freshly synthesized,

heavy elements causes an electromagnetic
transient (“macronova/kilonova”) that
accompanies the expected gravitational wave

signal.
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EM emission: Compact Binary Coalescence (CBC) systems

Fernandez & Metzger 2016, ARNPS 66
| ® Mass ejected by tidal forces:
’ dynamically unbound matter
o ® Ejected mass gravitationally
bound to the central remnant
—> accretion disk
® Final remnant: 90% of the

Initial binary mass
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NS-NS: unbound mass of 107(-4)
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- 107 (-2) Mo ejected at 0.1-0.3c

NS-BH: unbound mass up to 0.1Mo

Dynamical
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EM emission: Compact Binary Coalescence (CBC) systems

Fernandez & Metzger 2016, ARNPS 66
.
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o ° °
gravitationally bound from
the central remnant —> fall
back or circularize into an

accretion disk
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Disk mass up to 0.3 Mo

-seconds -ms 10ms 100 ms

Outflow mass and geometry
influence the EM emission

Accretion phase:

BH-Torus —>
relativistic jets
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NS-NS NS-BH Merger: a global picture

Fernandez & Metzger 2016, ARNPS 66
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NS-NS NS-BH Merger: a global picture

tzger 2016, ARNPS 66

Inspiral D Radioactive decay heats the ejecta

-> optical- NIR thermal radiation
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Macronovae: radioactively powered electromagnetic transients from compact
binary mergers

! C e .
ultra-relativistic
outflow, I' > 100

interaction region
jet-wind, I' ~ few (?)

neutrino-driven winds
(V)=0.1c

“ = dynamic ejecta

(V)= 0.1c

Credits: Rosswog
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Morphology of the Ejecta

(Two different channels)

Low electron fraction
Dynamical

\ BH/NS
remnant

Disk Winds

Higher electron fraction

Courtesy of S. Ascenzi

Dynamical
Ejecta

unbound by
hydrodynamic
interaction and
gravitational
torques

Disk Winds

neutrino absorption,
magnetically
launched winds or
accretion disk matter
that becomes
unbound by viscous
and nuclear heating

Red Macronova

Peaks at days - 1
week after the merger

Blue Macronova

Peaks at 1 day after
the merger

2-3 magnitude
brighter than the red
macronova
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R-Process Nucleosynthesis

basic reactions:
a) n-capture: n +(Z,A) = (Z,A+1)
b) B-decay: VANEXVAIW-\E R

t:0.00e+00s / T:10.96 GK / p»: 8.71e+12 g/cm’

evolution of thermodynamic parameters in the ejected matter.
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neutron number, N O. Korobkin, S. Rosswog,

A. Arcones, C. Winteler
arXiv:1206.2379
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R-Process Nucleosynthesis

Nucleosynthesis for dynamic ejecta Nucleosynthesis for neutrino-driven winds

(Rosswog et al. 2017) (Rosswog et al. 2017)
low Ye ( s 0.1) “large” Ye (~0.3)

[—

3

S
ra

o

Mass fraction X
L) o

<

g
3 3
S0
n

;'Iil
=

c.
4=
T

ns12nsl2
nsl3nsl3

f ‘ nsl4nsl4 ] 3 ‘, | \ y _"‘ /

! * A ns12nsl4 | | i

< IWY VA A K | nsl4nsl18 ) ‘ /i

Y F Ry AR , 7 0" F ; 3
l "A.-.Idw L \4} 1 S(x)[ar Il._pr(zccssx ‘1 A i 't A A A 1 L l ‘11 tl A ' A A A A ol A L\“A} - slglartr_prtocests : -
40 S0 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220
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* the heaviest elements, A>130 e lighter r-process elements, A <130

* robustly producing the “platinum peak™ at A= 195 “Weak r-process” - no lanthanides -
2

“strong r-process” - lanthanides - 726 B QIEEEHED 0 1) G 4E

2
large opacities k=10cm /g

=> together, they add up to the solar abundance pattern (blue dots)
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Opacity
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Macronova: Main Ingredients

k Opacity
Mej Mass of the Ejecta
Ve Velocity of the Ejecta

k Mej 0.1 6)1/2

tpeak = 4.9 days
peak e 10em?/g 0.01 Mg v,

. 1Ocm2/g 0.65 M. 0.35
L.~ 2.5 x 10% erg( Vej ) ( ) )
peak 8 s \0O.1lc k

(Grossman et al. 2014)
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WHAT SHOULD WE EXPECT

NS-NS NS-BH Merger EM-Emission: SGRBs? Kilonove?

GRB FIREBALL MODEL
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Evidence of kilonova emission ; S e

Time since GRB 130603B (s)

Evidence of off-axis emission

4 | v GRB130603B Tanvir et al. 2013,
Berger et al. 2013
v GRB 060614 Yang et al. 2015
v GRB 050709 Jin et al. 2016
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Kilonova expected light curves
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(from disk outflow) : peaks at 1 day with L=5-500x10 erg/s
(r=19-24 mag at 200 Mpc)

40
NIR COMPONENT (from ejecta) : peaks at few up to 10 days with L=0.1-1x10 erg/s
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Kilonova expected spectra

1()38

Ni
Barnes+2015

r-process
—— Ni + r-process

1037
disc+ejecta thermal (BB) spectra
which evolve from
“ optical to NIR due to
s - different opacities
predicted in the disc
outflows and in the
middle-relativistic

| ejecta
0 10000 20000 30000

A

Figure 10. A combined *°Ni and r-process spectrum at ¢ = 7 days, taking
My = My = 1072 M. The peak at blue wavelengths is due to the >°Ni, while
the r-process material supplies the red and infrared emission. The best-fit
blackbody curves to the individual spectra are overplotted in dashed black lines
(Toi =~ 5700 K, T;p =~ 2400 K). The combined spectrum generally resembles a
superposition of two blackbodies at different temperatures.
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COME TO THE IR JSIDE
WITH IRT

NS-NS / NS-BH mergers: Collimated EM emission from Short GRBs

IRT the SXI localized afterglow
Crashing neutron stars can makegarrlma-rayburstjets_‘ . | 'F brlgh t enough,
® @ spectroscopic observations could be performed
o — o , thus providing and

Ay || e 3 information on chemical composition ot circumburst
T T medium. In addition, precise sky coordinates will be
disseminated to ground based telescopes to perform

spectroscopic observations.




COME TO THE IR JSIDE
WITH IRT

NS-NS / NS-BH mergers: Optical/NIR and soft X-ray isotropic emissions

A
. IRT OPTIMAL FOR KILONOVA IDENTIFICATION and to
/jet-wind,l"~few(?) due tO itS
setineriven winds photometric and spectroscopic capabilities (light curves and
(V)=0.1c

spectra)
“ = dynamic ejecta

v)=0.1c

Core collapse of massive stars: Long GRBs, Low Luminosity GRBs and Supernovae

Off-axis X-ray afterglow detections (“orphan afterglows”) can potentially
increase the simultaneous GW+EM detection rate by a factor that strongly
depends on the jet opening angle and the observer viewing angle.
THESEUS with IRT the appearance of a

due to a collapsing
massive star. In addition, the possible large number of low luminosity GRBs
( ) in the nearby Universe, expected to be up to 1000 times more
numerous than long GRBs, will provide clear signatures in the GW detectors
because of their much smaller distances with respect to long GRBs.




IRT/ THESEUS IN THE 20s5-30s

LSST - 2023

LSST, GMT, TMT and E-ELT and the Square
Kilometer Array (SKA) in the radio
SVOM - 2021 [

I

THESEUS/IRT




