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ASTROPHYSICIST 



GW170817: «THE» gravitational signal 

A revolution similar to Jupiter observations by Galileo… 

Arcavi+ 2017 

Hosting galaxy: NGC 4993 (distance ≈44 Mpc) 



Neutron Star Mergers (NSMs) 



Arcavi+ 2017 

MSUN~ + 𝟒. 𝟓 
MV𝐄𝐍𝐔𝐒~ − 𝟒. 𝟓 

Optical flter (r) 

The corresponding Lightcurve 



The various components 
of a NSM 

Metzger+ 2017 

Metzger 2017 

Perego+ 2017 

Metzger+ 2018 



The NSM ejecta 
Rosswog & Korobkin 2022 

Metzger 2019 



Bolometric curve of GW170817 

It accounts for the whole energy leaving the «surface» at all wavelenghts 

Chemical abundances 

come from network 

calculations. 

But the question is: 

how do they interact 

with radiation? 
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GRAVITATIONAL 



Thielemann+ 2017 

Solar r-process residual distribution 



Thielemann+ 2017 

1st r-process peak 

2nd r-process peak 3rd r-process peak 



In low entropy environment (s ∼ a few tens of k
b 

/baryon) Y
e
 is the dominant parameter 

 Y
e
 ≳ 0.25: 1st peak up to 2nd r-process peak 

 0.15 ≲ Y
e
 ≲ 0.25: 2nd and 3rd r-process peaks, but not the 1st 

 Y
e
 ≲ 0.15: robust r-process, due to several fission cycles 

NSM  
nucleosynthesis 

14 

Electron fraction Ye 



The role of neutrinos 

Perego+ 2017 

The presence of neutrinos increases Ye in the polar direction 



Thielemann+ 2017 

Neutrino wind contribution to 

neutron star merger ejecta 



Bolometric curve of GW170817 

It accounts for the whole energy leaving the «surface» at all wavelenghts 

How do photons 

interact with gas? 



Atomic opacities 
Opacity (κν), which is proportional to the plasma atomic level 

population and to radiative process cross sections, regulates the 

energy exchange between radiation and plasma, via multiple 

absorption-scattering processes through the radiative transport, and 

arises from the blending of millions of atomic line transitions. 



Metzger 2019 

Kilonova emission is centered in the optical/IR band, as this is the first spectral 

window through which the expanding merger ejecta becomes transparent. 

Atomic opacities 

Throughout the far UV and X-ray 

bands, bound-free transitions of 

the ejecta dominate the opacity  

(blue line). This prevents radiation 

from escaping the ejecta at these 

frequencies. 

VERY EARLY TIME KILONOVA 



Atomic opacities 

Metzger 2019 

Kilonova emission is centered in the optical/IR band, as this is the first spectral 

window through which the expanding merger ejecta becomes transparent. 

At optical/near-IR frequencies 

(brown line), the dominant source of 

opacity is a dense forest of line 

(bound-bound) transitions. The 

magnitude of this opacity is 

determined by the strengths and 

wavelength density of the lines, 

which in turn depend sensitively on 

the ejecta composition. 

bound-bound 

0.5d - 5d KILONOVA 



Atomic opacities 

Metzger 2019 

Kilonova emission is centered in the optical/IR band, as this is the first spectral 

window through which the expanding merger ejecta becomes transparent. 

At the lowest frequencies (radio and 

far-IR), free-free absorption from 

ionized gas dominates (red line). As 

the ejecta expands, the free-free 

opacity will decrease rapidly due to 

the decreasing density ρ α t-3 and the 

fewer number of free electrons as the 

ejecta cools and recombines. 

LATE TIME KILONOVA 



Atomic opacities 
Chemical elements contribute to the global opacity 

with very different contributions, basing on their 

electronic configuration and their abundance. 

Tanaka+2020 



Atomic opacities 
Chemical elements contribute to the global opacity 

with very different contributions, basing on their 

electronic configuration and their abundance. 

In particular, open f-shell elements (lanthanides) 

have larger opacities than the elements with other 

outermost electron shells. 

Tanaka+2020 

f-shell orbitals 









































Last input: nuclear heating rates 

𝑄 𝑟−𝑝𝑟𝑜𝑐𝑒𝑠𝑠 =  𝑄𝑖𝜆𝑖
𝑖∈𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛𝑠

 

time 

1 s 

heating rate 𝑄  

∝ 𝑡−1.3 

𝑄 = 𝑀𝑖𝑛𝑖𝑡𝑖𝑎𝑙 −𝑀𝑓𝑖𝑛𝑎𝑙
𝜆 = 𝑑𝑒𝑐𝑎𝑦 𝑟𝑎𝑡𝑒         

  

Heating efficiencies 

…13 free parameters… 

𝐿 ∝ 𝑄 𝑀 

Zhu+ 2020 
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Heating efficiencies 

…13 free parameters… 

𝐿 ∝ 𝑄 𝑀 

Zhu+ 2020 

With four parameters I can fit an elephant, and with five I can make 

him wiggle his trunk. [J. VON NEUMANN] 



…and finally… 



Radiative Transfer (RT) basics  

Iν,in Iν,out 

Basic quantity: intensity 
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Source function 

(emissivity to absorption ratio) Optical depth 

κν is the frequency-dependent  

opacity of the medium  
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Photon  mean free path 

RT equation 

Optical depth is a measure of the 
extinction coefficient or absorptivity up 
to a specific stellar layer. 



A plethora of KN lightcurves 

Wu+ 2019 
Yang+2024 

Bulla+2023 
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Thanks for the attention 


