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Abstract
We propose to supply time-dependent ionization modules that can be with magnetohydrodynamics

MHD) simulations of solar eruptions. They can be used to compute the ionization states of several
elements for comparison with the ionization states measured in space and for computation of the
intensities of EUV emission lines observable from Earth-orbiting spacecraft.

Report:

This Grant covered the efforts of Drs. John Raymond and Chengcai Shen in support of NASA LWS
grant "Investigating the Origin and Evolution of Magnetic Flux Ropes in the Heliosphere" (Mark
Linton, PI). Our original intent was to develop computer code to efficiently compute the time-
dependent ionization state and resulting Extreme Ultraviolet emission from large MHD simulations
of solar eruptions in post-processing. We accomplished that and went a step farther, developing a
module for in-line computations.

Our post-processing code is based on the eigenvalue method, and it uses atomic rates from the
CHIANTI database. It is presented in Shen et al. (2015) and is available on github. We tested it
with MHD models from the MAS code for models of a steady-flow corona (Shen et al. 2017) and
solar flare current sheets (Shen et al. 2013, 2018). It predicts the emission in narrowband images
from AIA and UV spectral lines. We showed that time-dependent ionization is very important

for the correct interpretation of UV and EUV observations of the Sun.

More recently, we developed an module for in-line calculation of time-dependent ionization and
EUYV emission and incorporated it into the MAS and Athena MHD codes, This module uses enough
computer memory that it requires a modest reduction in grid size, but it has the advantages that it
does not require saving frequent snapshots of the simulation and that it permits self-consistent
calculation of radiative cooling. So far it has only been presented in an AGU talk (Lionello 2017).

In addition, we have participated in other efforts of the collaboration (Nieves-Chincilla et al. 2018)
and in other simulations of solar eruptions and reconnection current sheets (Ye et al. 2019)

In connection with this project, Drs. Raymond or Shen or both attended team meetings in
Washington, DC, Ann Arbor, MI, Bozeman, MT, Boston, MA and St. Andrews, UK.
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