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Figure 5. Cooling function of Nd II with and without the radiation trapping e�ect (left) and at di�erent densities (right).
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Figure 6. Rate coe�cients for dielectronic recombination (DR) and radiative recombination (RR). The rate coe�cients of dielectronic recombination are
obtained by using HULLAC. For dielectronic recombination, each line shows the contribution of a specific configuration of the autoionizing state W=;, where W
denotes the core configuration, = and ; denote the principal and orbital angular momentum quantum numbers of the captured electron. The range of = and ; of
each autoionizing state included in the calculation are described in the text.
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Figure 7. Evolution of fractional ion abundances, Nd I – Nd IV (left) and kinetic temperature (right) for the fiducial model. The ionization degree and kinetic
temperature increase until the thermalization time Cth and then become roughly constant with time.

these ions have two distinct peaks, one around 5–10 `m produced
by fine structure transitions and another around optical-nIR region.
Nd II has among the richest spectral structure and its luminosity per
atom is the brightest. The dense emission line distribution and the
Doppler broadening result in a continuum-like spectrum with some
structures. We find that the following transitions predominately
produce the Nd II spectrum: 4f35d2

!4f45d, 4f35d6s!4f46s,

4f35d6s!4f45d, 4f46p!4f45d, 4f46p!4f46s, and 4f45d!4f46s.
The Nd III and Nd IV spectra are produced by the transitions:
4f35d!4f4 and 4f4 !4f4 for Nd III and 4f3 !4f3 for Nd IV. Note
that individual M1 lines are more pronounced at _ . 1 `m because
the line population in this wavelength region is less dense.

There are more E1 transition lines at _ . 1 `m for Nd II and
Nd III (see figure 3). This implies that these E1 lines may absorb
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