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I present preliminary work in applying three-dimensional radiative transfer calculations to neutron-
star mergers with realistic ejecta masses. Our calculations include line-by-line opacities for tens of
millions of atomic transitions, composition from an r-process nuclear network, and time-dependent
thermalization of decay products from individual @ and - decay reactions. I apply a new atomic
dataset for lanthanides that has been wavelength-calibrated to a complete 2D ejecta model, as well

as several parameterised, scaled versions of the 3D dynamical ejecta.
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1. Introduction

The merger of two neutron stars that produced the kilonova AT2017gfo [2, 12] has provided
a set of observed spectra that contain the signatures of recently-synthesized r-process material.
Interpreting these spectra requires accurate atomic and nuclear data, and numerical modelling tools
to make the connections between the initial conditions, subsequent evolution, and the resulting
spectra.

2. NSM model and radiative transfer method

I present new results using the Monte Carlo radiative transfer code ARTIS [7, 11], which
has been extended to handle kilonova ejecta [10]. ARTIS handles energy deposition by tracking
radioactive decay reactions that follow from an initial snapshot of the composition and density
throughout the model (in this work, 0.1 days after merger). The snapshot abundances are taken
from a calculation with a detailed nuclear network, which tracks the complex set of nuclear reactions
within the first few seconds after the merger. The density profile is taken from the hydrodynamic
model, after which which ejecta are assumed to evolve simply by homologous (ballistic) expansion.

The dynamical ejecta presented by [10] have too little mass (0.004 M) to match observables of
2017gfo, which requires roughly 0.04 M, of ejecta. To fix this discrepancy, I present predictions for
the 2D end-to-end model syn-n1-a6 [6] which has 0.079 Mg, of ejecta and includes secular as well
as dynamical ejecta. To understand how the the density struture of the model affects observations,
I also present results “dyn 10x mass" and “dyn 10x mass v/2" models, which are the same as the
3D dynamical model, except that the total mass has been boosted by a factor of 10, and in the latter
case, with all ejecta velocities also divided by two. The radial ejecta profiles are shown in Figure 1.

We improve on the AD2 dataset presented by [10]. AD2 is composed of CMFGEN compilation
[3, 4] for Z < 28 (Ni), Japan-Lithuania database [13] for Z=29-88, except for calibrated Sr, Y, and
Zr data from Kurucz [8]. In our new dataset, ‘AD3’, we replace the level and transition data for
singly and doubly-ionised Z=57-70 with wavelength-calibrated data from Floers et al. (in prep).

3. Results

The bolometric (combined ultraviolet, optical, and infrared) light curves of the models in the
polar directions are shown in Figure 2. The Just+2023 model appears to be too optically thick at
early times, possibly because of too much total ejecta mass overall. The 10x mass models appear to
provide a better match to the observed light curve of AT2017gfo. The ‘10x mass v/2’ model shows
a rise to peak at around 5 days, similar to AT2017gfo, although the total mass may be slightly too
high.

Figure 3 shows the synthetic spectra for the models compared to AT2017gfo at 1.4 days. The
spectral distribution is best matched by the ‘10x mass v/2’ model, although the total brightness is
too high by roughly a factor of two.

Figure 4 shows the synthetic and observed spectra at 3.4 days. The Just+2023 model is too
luminous by more than a factor of four, while the ‘10x mass v/2’ model is too luminous by about a
factor of two.



3D RT for NSMs Luke J. Shingles

0.08 T T T T

0.07

0.06

0.05

0.04

0.03

Mass Enclosed [M g ]

0.02

0.01

0.00 : : :

—— 3D AD3dyn
Lor 3D AD3 dyn 10x mass i
—— 3D AD3 dyn 10x mass v/2

2D AD3 Just+2023 sym-nl1-a6 -

o
[0}
T

AM/Av [M/c]
o
(o))

e
a

o
N}

%90 0.1 0.2 0.3 0.4 0.5
Velocity [c]

Figure 1: Above: Cumulative enclosed mass versus radial velocity. Below: Mass density versus radial
velocity.

4. Conclusions

These results show that additional mass can result in spectral evolution that is roughly similar
to AT2017gfo, although none of the models presented are an ideal match to observations. Future
models with intermediate ejecta masses and velocity structures will provide templates required from
neutron-star merger simulations to match AT2017gfo, which might in-turn provide insights into the
physics of material at high densities in neutron star interiors.
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Figure 2: Light curves (UV-optical-IR power) in the polar direction.
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Figure 3: Synthetic model spectra and observed AT2017gfo spectra at 1.4 days.
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Figure 4: Synthetic model spectra and observed AT2017gfo spectra at 3.4 days.
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