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Recently, the 3D MHD code Muram was extended to include the corona (Rempel, 2017). A simulation
was run that included an active region containing sunspots and a solar flare. We present for the first
time 3D non-LTE radiative transfer calculations from this active region simulation.

We synthesized Ca 11 H&K /8542 A, Mg 11 h&k, and He using the Multi3D code, where we included
horizontal radiative transfer (3D effects). For hydrogen, we solved the charge conservation equation
and statistical equilibrium simultaneously to obtain NLTE electron densities. For Ca 11 and Mg 11 we
included partially-coherent scattering of photons (PRD effects).

This simulation reproduces long fibrils that span the active regions and shows structures in Ha that
look like flare ribbons. We compare our results to high resolution observations.
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MuRam: Chromosphere/corona

Vertical cut from an active region, temperature

0 20 40 60 80 Rempel et al 2017
x [Mm]

Simplifications:
eThe chromosphere is treated in LTE + equilibrium ionization equation of state
*«Boris Correction»: reduced speed of light.
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MuRam: Simulation of a Solar Flare

Time = 0.0 min (340000)

AlA 171

Model atmosphere:
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Public snapshot from Bifrost; Carlsson et al (2016)
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Multi3D: non-LTE radiative transfer
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Nominal line center
Call 8542 A




At the maximum formation height
Call 8542 A




«Flare ribbons»
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Comparison with H-alpha & Ca Il K

SST - CRISP/CHROMIS Synthetic
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Comparison with H-alpha & Ca Il K
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Do tibrils tracing the magnetic filed?
o

Observations

de la Cruz Rodriguez & Socas-Navarro (2013)
Asensio Ramos et al (2017)

Leenaarts et al (2015)




Do tibrils tracing the magnetic filed?
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Summary

* Our 3D PRD non-LTE RT code can handle a dynamic
simulated active region.

« H-alpha is formed relative close to the Ca Il K and
Mg Il k in this model.

- «Flare ribbons» are caused by a deep temperature
rise in the chromosphere.







Spatially-averaged profiles
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Instruments:
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«Flare profiles»
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Unified theory of electric pressure broadening
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Based on the recipes of
Kowalski et al (2017)
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