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The discovery of a neutron star merger event, GW170817, which is coincident with GRB 170817A, was followed by

the observations of their electromagnetic counterparts. In particular, the optical and infrared counterpart is so-called
a kilonova/macronova, which is likely to be powered by r -process elements. Analogous to supernovae, the ejecta
with total mass M freely expands with velocity V . Initially, the system is optically thick, i.e. the optical depth for
the ejecta, ! = "K #R, is larger than unity. Here K is the opacity, # ! 3M

4! R 3 is the mass density,R is the ejecta
radius, and " = 0 .1 is a correction factor related to the density structure. Most of the photons in the ejecta can
break out when the expansion is faster than the photon di! usion time. For the near-infrared component, the observed
luminosity at the peak time (about a week after the coalescence) isL NIR = 1041 erg s! 1 and the e! ective temperature
is TNIR = 3000 K. For simplicity, the ejecta is assumed to be spherical.

1. Estimate the ejecta radiusR at the peak time.

2. By equating the photon di! usion time to the ejecta expansion time, give the condition for the photon breakout
using ! and V . You may ignore numerical factors.

3. Using the previous result and assumingV = 0 .1c and K = 10 cm2 g! 1, estimate the ejecta massM .

4. If the ejecta is powered by radioactive nuclei, as in the theory of supernova light curves, the luminosity around
the peak time is essentially equal to the heating luminosityQ. According to the Fermi theory, the heating
luminosity is roughly given by

Q(t) =
me

"A#mp

Mc2

tF

!
t

tF

" ! 1.2

, (1)

where tF = 8610 s, mp/m e $ 1836 is the proton-electron mass ratio, and"A# is the average mass number.

Assuming that the peak time is 106 s, give the order of magnitude estimate on"A# and discuss its implications.
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