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

NS-NS / NS-BH mergers: Optical/NIR isotropic emissions 

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

COME TO THE IR SIDE

Short GRBs WITH 
a detectable optical/
IR counterpart 
(afterglow)

Kilonova or 
Macronova

Long Gamma Ray Burst 
with detectable IR 
counterpart
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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 

cosmos. 

 The radioactive decay of freshly synthesized, 

heavy elements causes an electromagnetic 
transient (“macronova/kilonova“) that 

accompanies the expected gravitational wave 

signal. 

NS-NS NS-BH Merger
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EM emission: Compact Binary Coalescence (CBC) systems 

Mass ejected by tidal forces: 
dynamically unbound matter 
Ejected mass gravitationally 
bound to the central remnant 

—> accretion disk 
Final remnant: 90% of the 

initial binary mass

Dynamical 
phase: tidal 

effects 

Fernandez & Metzger 2016, ARNPS 66

NS-NS: unbound mass of 10^(-4) 
- 10^(-2) Mo ejected at 0.1-0.3c 

NS-BH: unbound mass up to 0.1Mo
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EM emission: Compact Binary Coalescence (CBC) systems 

Ejected material 
gravitationally bound from 
the central remnant —> fall 
back or circularize into an 

accretion disk

Accretion phase: 
BH-Torus —> 

relativistic jets

Fernandez & Metzger 2016, ARNPS 66

 Disk mass up to 0.3 Mo
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Outflow mass and geometry 
influence the EM emission



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
Fernandez & Metzger 2016, ARNPS 66Radioactive decay heats the ejecta  

-> optical- NIR thermal radiation 

Isotropic EM- counterpart  
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Macronovae: radioactively powered electromagnetic transients from compact 
binary mergers
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Morphology of the Ejecta

GRB jet

BH/NS  
remnant

Dynamical 
 Ejecta 

Disk Winds

Dynamical 
Ejecta

Disk Winds

Red Macronova

Blue Macronova

Low electron fraction 

Higher electron fraction 

Peaks at days - 1 
week after the merger

Peaks at 1 day  after 
the merger

2-3 magnitude 
brighter than the red 
macronovaCourtesy of S. Ascenzi

unbound by 
hydrodynamic 
interaction and 
gravitational 
torques

neutrino absorption, 
magnetically 
launched winds or  
accretion disk matter 
that becomes 
unbound by viscous 
and nuclear heating
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(Two different channels)



R-Process Nucleosynthesis

dynamics of the integrated abundances

evolution of thermodynamic parameters in the ejected matter
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evolution of thermodynamic parameters in the ejected matter. 




R-Process Nucleosynthesis

dynamics of the integrated abundances

evolution of thermodynamic parameters in the ejected matter
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evolution of thermodynamic parameters in the ejected matter. 
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R-Process Nucleosynthesis

“Weak r-process” - no lanthanides - 
moderate opacities κ= 1 cm

2
/g “strong r-process” - lanthanides -  

large opacities     κ= 10 cm
2
/g 
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Opacity
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Figure 3. Line expansion opacities of Se, Ru, Te (left), Ba, Nd, and Er (right). The calculations assume ρ = 1×10−13 g cm−3, T = 5, 000
K, and t = 1 day after the merger. The results are compared with the line expansion opacities of Fe calculated with Kurucz’s line list.
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Figure 4. Comparison of line expansion opacities between HULLAC and GRASP2K calculations. For singly ionized ions (Nd ii and
Er ii), the calculations assume ρ = 1× 10−13 g cm−3, T = 5, 000 K, and t = 1 day after the merger. For doubly ionized ions (Nd iii and
Er iii), the calculations assume the same density at the same epoch but T = 10, 000 K.

those of open s-shell (Ba) and p-shell (Se and Te) ele-
ments also have a similar trend with even lower opacities.
Figure 3 shows the opacity of each element calculated
with ρ = 1 × 10−13 g cm−3, T = 5, 000 K, and t = 1
day after the merger. For comparison, Fe opacities with
Kurucz’s line list (Kurucz & Bell 1995) are also shown.
The opacities of Nd and Er (open f-shell) are much higher
than that of Fe (open d-shell). The opacity of Ru (open
d-shell) is similar to that of Fe, which demonstrates the

similarity in the opacity for the elements with the same
open shell. The same is true for open p-shell; the opaci-
ties of Se and Te are found to be similar.
The opacities from the two atomic codes agree reason-

ably well. Figure 4 shows the line expansion opacities of
Nd ii, Nd iii, Er ii, and Er iii. As expected from the good
agreement in the energy levels (Figure 2), the opacities
from HULLAC and GRASP2K are almost indistinguish-
able for Nd ii and Nd iii. It is noted that, only the



Macronova: Main Ingredients
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NS-NS NS-BH Merger EM-Emission: SGRBs? Kilonove? 

ObservationsModels and

  Evidence of off-axis emission

  Evidence of kilonova emission

✓GRB130603B Tanvir et al. 2013; 

Berger et al. 2013 
✓ GRB 060614 Yang et al. 2015 
✓ GRB 050709 Jin et al. 2016

  SGRB on-axis emission
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W H AT  S H O U L D  W E  E X P E C T



Kilonova expected light curves

NIR

OPT

Remnant: BH Remnant: HMNS -> BH

Remnant: HMNS -> BH Remnant: HMNS

OPTICAL COMPONENT (from disk outflow) : peaks at 1 day with L=5-500x10   erg/s 
(r=19-24 mag at 200 Mpc)

Kasen+2015

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

3500 - 5000 

5000 - 7000 
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PRO: emitted  
in essentially all 
directions

CONS:  likely 
weak, and will 
only be 
observable by the 
largest telescopes

40

40



Kilonova expected spectra
Barnes+2015

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

disc outflow 

disc+ejecta 



IRT could point the SXI localized afterglow within few 
minutes from the trigger. If bright enough, 
spectroscopic observations could be performed 
onboard, thus providing redshift estimates and 
information on chemical composition of circumburst 
medium. In addition, precise sky coordinates will be 
disseminated to ground based telescopes to perform 
spectroscopic observations.

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

COME TO THE IR SIDE  
WITH IRT



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

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

COME TO THE IR SIDE  
WITH IRT

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 may also observe the appearance of a NIR orphan 
afterglow few days after the reception of a GW signal due to a collapsing 
massive star. In addition, the possible large number of low luminosity GRBs 
(LLGRBs) 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 OPTIMAL FOR KILONOVA IDENTIFICATION and to 
disentangle different macronova components due to its 
photometric and spectroscopic capabilities (light curves and 
spectra) 



I RT /THESEUS IN THE 20 S-30 S

Synergies between the second-generation GW 
detector network and several telescopes 
operating at different wavelengths such as 
JWST, ATHENA, SVOM and WFIRST,  zPTF and 
LSST,  GMT, TMT and E-ELT and the Square 
Kilometer Array (SKA) in the radio

EELT - 2024

JWST - 2018 LSST - 2023
Athena - 2028 SKA 2025

WFIRST - 2020

THESEUS/IRT

THANKS! 

SVOM - 2021


