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Optical/infrared Counterparts of
Gravitational Wave Sources

® Physics of kilonova




Neutron star merger => gravitational waves

Sy : 10-3 -1 sec
=> ejection of material

Top view Side view

[km] orbital (x-y) T= 0.074 [ms]
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n-capture: ~ 1 sec

r-process in NS merger Decay: sec - days - weeks
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Kilonova ~ day - weeks

N 14-15
Optical+infrare B il

photons

Gamma-rays
B/a particles




GW170817: optical/infrared light curves

Absolute magnitude
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Opacity calculations for NS merger

Nd (Z = 60, f shell)

Fe (Z = 26, d shell)

l Ru (Z = 44, d shell)
|

xll | ® iR

5000 10000 1 5000 20000 25000
Wavelength (A)

MT, Kato, Gaigalas, Ryunkun, Radzuite et al. 2018, ApJ, 852, 109




Status of atomic calculations for kilonova
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Element dependence
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Depends not only on elements
but also on T and p (which evolve with time)
Be careful about interpretations with constant opacities




Constraints from the total amount in our Galaxy
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Optical/infrared Counterparts of
Gravitational Wave Sources

® Physics of kilonova




(1) Viewing angle
GW170817 (~30 deg)

Dynamical ejects
0.01 Msun
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(1) Viewing angle

Dynamical ejects
0.01 Msun
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- Optical emission can be suppressed by 1-2 mag (inr, i, and z-bands)
- Near-infrared is almost unaffected

Kawaguchi, Shibata, MT 2018, ApJ, 865, L21



NS-NS

Mtot ,S Mmax,spin
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NS-NS
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Variety of kilonovae
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GW => Mass (initial condition!)
Kilonova brightness/color/timescale => physics in NS merger




Summary

® Physics of kilonova

® Systematic opacity calculations
for all the elements from Z=30 to 89 (1, II, lII, IV

® More direct connection between
NS mergers and kilonova

® Variety of kilonova




