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

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

Simplifications: 
•The chromosphere is treated in LTE + equilibrium ionization equation of state 
•«Boris Correction»: reduced speed of light. 

Rempel et al 2017

Vertical cut from an active region, temperature



Courtesy from 
M. Rempel



MuRam: Simulation of a Solar Flare
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Public snapshot from Bifrost; Carlsson et al (2016)

Model atmosphere:



Statistical equilibrium Particle conservation Charge conservation

Multi3D: non-LTE radiative transfer

Newton–Raphson method:

ni ∑
i,i≠j

Pij − ∑
j,i≠j

njPji = 0 ntot = ∑
i

ni ne = np +
metals

∑
k

αk

ion

∑
j= 1

jfjk

Jδx = − F

•Multilevel Accelerated Lambda Iteration   
•Short-charaterstic solver 
•Charge conservation: non-LTE ne 
•CRD/PRD Sukhorukov & Leenaarts (2017) 

 

Carlsson & Stein (1992) 
Paletou (1995) 
Heinzel (1995) 

Tgas, ρ, ⃗v
Model input:

Model atoms: 
  H / Ca / Mg 



Ca II K3
⃗v = 0



Ca II K3
⃗v = 0
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«Flare ribbons»
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Comparison with H-alpha & Ca II K
SST - CRISP/CHROMIS Synthetic Formation height difference

Leenaarts et al (2013)
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Comparison with H-alpha & Ca II K
SST - CRISP/CHROMIS Synthetic Formation height difference

Leenaarts et al (2013)
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See Sepideh Kianfar poster 
How Fibrils Appear in the Ca II K Data in 

comparison to H-alpha data



Do fibrils tracing the magnetic filed?

de la Cruz Rodríguez & Socas-Navarro (2013) 
Asensio Ramos et al (2017) Leenaarts et al (2015)

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


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


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

Summary



Ca II K3
⃗v = 0

Backup



Spatially-averaged profiles
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Cheung, Rempel, et al (submitted)


