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Neutron Star Mergers and Kilonovae




Neutron Star Mergers and Kilonovae




Merger »

r-process Radioactive decay
nucleosynthesis => kilonova
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r-process nucleosynthesis in NS merger
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Radioactive energy => optical emission
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“Kilonova/Macronova"

Initial works: Li & Paczynski 98, Kulkarni 05, Metzger+10, Goriely+11, ...
High opacity: Kasen+13, Barnes & Kasen 13, MT & Hotokezaka 13, ...

Timescale bound-bound transitions
of heavy elements

LuminOSity Ldep (tpeak)

M.
0.01Mg

1.3 x 10%° erg s~ * (

*assuming 50%
thermalization




open s shell
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open s shell
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Bound-bound opacities of lanthanide elements

Nd (f, Z=60)
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Expected light curves of kilonova

L ~ 1040-1041 erg s-1 E
t ~ weeks g
NIR > Optical £

2

Smooth spectra
(high velocity)

Kasen+13, Barnes & Kasen 13 10
MT & Hotokezaka 13, MT+14, Days after the merger




- Low Ye => stronger r-process
- Neutrino absorption increases Ye

Mass fraction
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Nucleosynthesis are
imprinted in the spectra

“Blue kilonova”
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“Red kilonova”

— —
o o
W w
(0} ~

—_

o
w
6)

MT+17

(@)

5000

|r

P

Iy il ket
LW&“!‘MM'& " *ﬂ\* Lk .‘»‘I(

10000 15000

Wavelength (A)

b
20000

b
i

25000




C
9
-

@)

©

| -
S

(7))

(7))

©
=

S . ) f

P

1 | | ol ' LA
‘ Ye =0.30 Ye =0.25 Ye =0.10-0.40

.S.e. . .R.U. Te | .Nd ?EI'. |

Solar abundances -

|

fyl \(A\

!

|

|

Atomic number



“Universality” of r-process abundances
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Origin of r-process elements

Supernova

M. Weiss
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Expected light curves of kilonova

L ~ 1040-1041 erg s-1 E
t ~ weeks g
NIR > Optical £

2

Smooth spectra
(high velocity)

Kasen+13, Barnes & Kasen 13 10
MT & Hotokezaka 13, MT+14, Days after the merger




GW170817: light curves

Single component
model
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Cowperthwaite+17, Tanvir+17, 10
Troja+17, Kasliwal+17 Days after GW170817

Ejecta mass (La-rich) ~0.03 Msun => post-merger ejecta
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CAVEATS: abundance ratios are not well constrained




Presence of “blue” kilonova

Cowperthwaite et al. 2017;

Drout et al. 2017; Nicholl et al. 2017;
Villar et al. 2017
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Mej (blue) ~ 0.02 Msun
too much for dynamical ejecta? => wind?

But v ~ 0.2c (difficult with wind ejecta)



Many open questions

® Origin of ejecta? (Shibata-san’s talk)
® Origin of “blue” and “red” component?
® Blue component with high velocities?

® Abundance pattern? Similar to solar abundances??

® 3rd peak?? (Au and Pt!)




Summary

® NS mergers and kilonova
® Robust r-process nucleosynthesis

® Radioactively powered EM emission

® GW170817

® Red and blue components
=>Ye ~ 0.25 or X(Lan) ~ 10-3-10-2 if single component

~0.03 Msun ejection with Lanthanide
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