Gravitational Waves and Electromagnetic
Signals from a Neutron Star Merger




end-to-end physics of NS mergers
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dynamical
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neutrino irradiation of NS merger ejecta

weak interactions drive Ye closer to 0.5 (e.g., Metzger & Fernandez 2013)
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Abundances from r-process nucleosynthesis

reaction networks calculations for fixed entropy & expansion time
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Schematic view of NS merger ejecta
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Radioactive kilonova light curve models
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modeling kilonova light curves and spectra
solution to the radiation transport (Boltzmann) equation
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absorption emission scattering

I,(z,y,z,v,0,0,t) = photon field specific intensity
x(z,y,2,v,t) = opacity coefficient

n(x,y,z,v,t) = emissivity

X-and 7] set primarily by numerous blended atomic line transitions
depends on ionization/excitation state of gas

(level populations assumed to be local thermodynamic equilibrium)

Transport solved by Monte Carlo methods (Sedona code)
e.g,. Kasen+2006, Roth and Kasen (2015)



opacity of r-process kilonova ejecta
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r-process opacity and atomic complexity

imited experimental line data
“requires atomic structure modeling
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approximate # of atomic levels

r-process opacity and atomic complexity

Half-tilled shells have more complex configurations

Atomic line/level data is still sparse (especially in infrared)

New atomic-structure calculations cover the statistical properties
of all r-process species but uncertainties remain in details
(kasen+ in prep)
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Level energy distributions - singly ionized species

atomic structure calculations of all r-process species w/ autostructure code
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Model kilonova light curves:

dependence on lanthanide fraction
kasen, badnell and barnes 2013, barnes & kasen 2013, kasen+2017
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Abundances from r-process nucleosynthesis

reaction networks calculations for fixed entropy & expansion time
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kilonova SSS17a bolometric light curve
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kilonova AT2017gfo bolometric light curve
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kilonova SSS17a bolometric light curve
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brightness

D. Kasen

blue data
red data

Kilpatrick et al (2017)
Drout et al (2017)
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Kasen et al (2017)
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kilonova SSS17a spectrum @ day 2.5
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Model spectrum dependence on composition
features are Doppler-broadened blends of multiple lines
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Spectral determination of gjecta velocity

(consistent with blackbody emitting radius, e.g., Drout+17, Troja+17)
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GW170817: Some questions

Are neutron star mergers a site (the site) of
the r-process?

Blue kilonova (light r-process)
M ~ 0.025 Msun- V ~ OSC, Xlan < 10_4

Red kilonova (heavy r-process)
M 2 004 Msun' V ~ O.1C, Xlan G 10_2

Merger rate (from LIGO): Rm ~ 1 per 104- 10° years per galaxy

Can potentially account for all r-process in galaxy
Mgalaxy = 5 X 103 Msun = fstar X Mm X Rm X lgal

But ejecta masses and rates are certain. Was the 1 event typical?




