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Seeing the Sound: 
Bridging Gravitational Wave Physics and 
Electromagnetic Astronomy 
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Strong Field Gravity: Masses, Spins, Inclination 

19/48

+ Masses

+ Spins

+ Geometric properties:

- Inclination angle
- Source Position
- Luminosity distance

from the GW waveform
~ % -several %

~ several to tens %

~ tens of %

GW+ EM.

from EM signature
Energetics and beaming?

Ejecta mass and velocity?

Environment

r process nuclear physics?
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Kilonovae: 
Blue Flash (~hours)  & Red Transient (~days) 
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e.g.  Li & Paczynski 1998, Kulkarni 2005,  Roberts et al. 2011, Nakar &  
Piran 2011, Barnes et al. 2013, Kasen 2013, Grossman et al. 2013 

4 Metzger et al.

Figure 1. Radioactive heating rate per unit mass Ė in NS
merger ejecta due to the decay of r-process material, calculated
for the Ye = 0.1 ejecta trajectory from Rosswog et al. (1999)
and Freiburghaus et al. (1999). The total heating rate is shown
with a solid line and is divided into contributions from β−decays
(dotted line) and fission (dashed line). For comparison we also
show the heating rate per unit mass produced by the decay chain
56Ni → 56Co → 56Fe (dot-dashed line). Note that on the ∼ day
timescales of interest for merger transients (t ∼ tpeak; eq. [3])
fission and β−decays make similar contributions to the total r-
process heating, and that the r-process and 56Ni heating rates
are similar.

weeks) is one of the defining characteristics of kilonovae from
NS mergers.

Provided that the radioactive power can be approxi-
mated as a decreasing power-law in time Q̇ ∝ t−α with
α < 2, the brightness of the event depends most sensitively
on the amount of radioactive heating that occurs around
the timescale tpeak: Qpeak =

∫

tpeak
Q̇dt ≈ Q̇(tpeak)tpeak =

fMejc
2, where f # 1 is a dimensionless number (LP98).

Parametrized thus, the peak bolometric luminosity is ap-
proximately
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and the effective temperature is given by
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Note that Lpeak ∝ f , yet the value of f is left as a free
parameter in the LP98 model, with values up to f ∼ 10−3

considered plausible a priori. In §3.2 we present explicit cal-
culations of Q̇ and show that the effective value of f is
∼ 3× 10−6. Thus, for Mej ∼ 10−2M& we expect a transient
with peak luminosity ∼ 1042 ergs s−1 (bolometric magni-
tude Mbol ≈ −16) and a photospheric temperature ∼ 104 K,

Figure 2. Final abundance distribution from the fiducial model
with Ye = 0.1 (Fig. 1), shown as the mass fraction versus
mass number A. Measured solar system r-process abundances are
shown for comparison with black dots. They are arbitrarily nor-
malized to the computed abundances for A = 195.

corresponding to a spectral peak at optical/near-UV wave-
lengths.

3 RADIOACTIVE HEATING

3.1 Network Calculations

In this section we present calculations of the radioactive
heating of the ejecta. We use a dynamical r-process network
(Mart́ınez-Pinedo 2008;Petermann et al. 2008) that includes
neutron captures, photodissociations, β−decays, α−decays
and fission reactions. The latter includes contributions from
neutron induced fission, β delayed fission, and spontaneous
fission. The neutron capture rates for nuclei with Z ! 83 are
obtained from the work of Rauscher & Thielemann (2000)
and are based on two different nuclear mass models: the
Finite Range Droplet Model (Möller et al. 1995) and the
Quenched version of the Extended Thomas Fermi with
Strutinsky Integral model (ETFSI-Q) (Pearson et al. 1996).
For nuclei with Z > 83 the neutron capture rates and
neutron-induced fission rates are obtained from Panov et al.
(2009). Beta-decay rates including emission of up to 3 neu-
trons after beta decay are from Möller et al. (2003). Beta-
delayed fission and spontaneous fission rates are deter-
mined as explained by Mart́ınez-Pinedo et al. (2007). Ex-
perimental rates for alpha and beta decay have been ob-
tained from the NUDAT database.1 Fission yields for all
fission processes are determined using the statistical code
ABLA (Gaimard & Schmidt 1991; Benlliure et al. 1998). All
heating is self-consistently added to the entropy of the fluid
following the procedure of Freiburghaus et al. (1999). The
change of temperature during the initial expansion is de-
termined using the Timmes equation of state (Timmes &
Arnett 1999), which is valid below the density ρ ∼ 3× 1011

g cm−3 at which our calculation begins.
As in the r-process calculations performed by

Freiburghaus et al. (1999), we use a Lagrangian density ρ(t)

1 http://www.nndc.bnl.gov/nudat2/
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Figures from Metzger et al. 2010, 2014 
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The EM-GW Challenge 

1.  Wide 

2.  Faint 

3.  Fast 

4.  Red 
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Scenario I: 
Jetted X-ray/Gamma-ray Emission  
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See Neil’s talk 
BUT…  
Only for Beamed <2.5% 
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Scenario II: 
Bright & Fast Optical Flash 
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Suite of Optical Surveys 
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Evryscope, ASASSN, HATPI ZTF, CSS-II, PS, BG DECAM, HSC, LSST 

Telescope apertures spanning 0.1m to 8m! 
Camera angles spanning10s to 10000 sq deg! 
 
Well-prepared for optical survey hardware. 
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The Early Years of Coarse 
GW Localizations 
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See also Singer et al. 2014 for Multiple Islands 
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EM-GW Detectability 
(Hardware) 
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