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Figure 1
Phases of a neutron star (NS) merger as a function of time, showing the associated observational signatures
and underlying physical phenomena. Abbreviations: BH, black hole; GRB, γ -ray burst; GW, gravitational
wave; ISM, interstellar medium; n, neutron; UV, ultraviolet; Ye , electron fraction. Coalescence inset
courtesy of D. Price and S. Rosswog (see also Reference 15).

∼3–7 year−1 for aLIGO/AdV, consistent with the empirical estimates above. However, the full
range of rates provided in the literature varies by several orders of magnitude (e.g., 6, 23), due
to the large uncertainties in the physics of binary evolution, such as the treatment of common
envelope evolution, wind mass loss from high-mass stars, the evolution of metallicity with redshift,
and supernova NS and BH kicks.

NSNS rate calculations usually neglect the influence of external stellar interactions on the
evolution of binaries, as justified for the vast majority of stars. In dense stellar environments,
however, such as globular clusters or young stellar clusters, dynamical interactions may enhance
the assembly rate of tight NS binaries (e.g., 26, 27). Additional theoretical uncertainties arise
in estimating merger rates in this case due to the poorly constrained evolution of dense stellar
systems. A key aspect of dynamically captured binaries is their potential to merge while the binary
orbit still possesses high eccentricity (e.g., 28, 29). Although this channel likely represents a small
fraction of all mergers (27), even a subdominant population of such events could be of outsized
importance to r-process production and kilonova emission (Section 5.2), given the larger ejecta
mass from eccentric mergers (29).

2.2. Precursor Emission
Compared with the postmerger phase, little study has been dedicated to EM emission during
the late inspiral phase prior to coalescence. If at least one NS is magnetized, then the orbital
motion of the conducting companion NS or BH through its dipole magnetic field induces a
strong voltage and current along the magnetic field lines connecting the two objects (e.g., 30–
33). This voltage accelerates charged particles, potentially powering EM emission that increases
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How Does Jet-Ejecta Interaction Affect Kilonova?

Focusing on shock-heating due to a prompt jet and changes to 
density structure



Approach

Hydro simulation of jet interacting 
with expanding outflow
(Duffell + (incl HK) ’18)

t ~ 10 ms to t ~ 100 s t ~15 min to t ~ 10 days

adiabatic expansion

2D Monte Carlo radiation transport 
simulations with Sedona

r-process heating
(Metzger+’10, Lippuner & Roberts ‘15)



Two (of the) Possible Sources of Heating

Prompt shock heating 
(from jet?)

(incl. Kasliwal+’17, Piro & Kollmeier‘17)

Radioactive decay of 
nucleosynthesis products

(incl. Metzger+’10)

~seconds to days

1050 erg

~seconds

1049 - 1050 erg



Input Models



Input Models + r-process



Jet vs Radioactive Thermal Energy



Angle-Dependent Light Curves

obs Lbol from Drout + ‘17 HK + ’19, in prep



Summary & Future Directions

Unlikely that light curve is dominated by (prompt jet) shock heating 
R-process heating greatly exceeds shock heating, particularly after ~1h.
Jet changes the structure of the ejecta, giving viewing-angle effects that depend on jet 
energy and opening angle
Push simulations back into first hour (enabled by ongoing improvements to Sedona 
radiation transport schemes)
Realistic line opacities for iron group and r-process elements


