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ABSTRACT

The observations of GW170817/AT2017gfo have provided us with evidence that binary neutron star
mergers are sites of 7-process nucleosynthesis. However, the observed signatures in the spectra of
GW170817/AT2017gfo have not been fully decoded especially in the near-infrared (NIR) wavelengths.
In this paper, we investigate the kilonova spectra over the entire wavelength range with the aim
of elemental identification. We systematically calculate the strength of bound-bound transitions by
constructing a hybrid line list that is accurate for important strong transitions and complete for weak
transitions. We find that the elements on the left side of the periodic table, such as Ca, Sr, Y, Zr, Ba,
La, and Ce, tend to produce prominent absorption lines in the spectra. This is because such elements
have a small number of valence electrons and low-lying energy levels, resulting in strong transitions. By
performing self-consistent radiative transfer simulations for the entire ejecta, we find that La III and
Ce III appear in the NIR spectra, which can explain the absorption features at A ~ 12000-14000 A in
the spectra of GW170817/AT2017gfo. The mass fractions of La and Ce are estimated to be > 2 x 10~6
and ~ (1-100)x 10~%, respectively. An actinide element Th can also be a source of absorption as the
atomic structure is analogous to that of Ce. However, we show that Th III features are less prominent
in the spectra because of the denser energy levels of actinides compared to those of lanthanides.
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Figure 1. Left: final abundances of our L model as a function of mass number. Black circles show the r-process residual

pattern (Prantzos et al. 2020), which are scaled to match those for the L model at A = 88. Right: abundances at ¢ = 1.5 days

as a

defici

function of atomic number. Abund of an 7-pro star HD 122563 (diamonds, Honda et al. 2006; Ge from

Cowan et al. 2005; Cd and Lu from Roederer et al. 2012) are also shown for comparison, which are scaled to match those for
the L model at Z = 40.
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Figure 2. Sobolev optical depth of bound-bound transitions for the L model calculated with the theoretical line list

(Tanaka et al. 2020, Z = 30-88, top) and those calculated with the hybrid line list (Z = 20-88, bottom, Section 2.3). The ions
with large contributions are shown with colors. The left panels show the results with the density of p = 107** g cm™* and the
temperature of 7' = 5000 K at ¢ = 1.5 days, while the right panels show those with p = 107'* g cm™* and T' = 3000 K at ¢ = 3.5
days.

Figure 8.
Smartt et al. 2017) at ¢t = 1.5, 2.5, and 3.5 days after the merger (dark to light colors).
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visualization. Gray shade shows the regions of strong atmospheric absorption.
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Figure 9.

Synthetic spectra at t = 2.5 days after the merger for different mass fractions of La (left) and Ce (right). Variation

of each element is shown in the legend with the same color used for the spectra. Pink and orange arrows in each panel indicate
the position of the notable absorption lines caused by La III and Ce III, respectively. Line segments above and below the spectra
indicate spectral slopes for visualization.
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