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Recent Developments in  
Modelling of the Chromosphere



• 6th order scheme, with “artificial viscosity/diffusion” 

• Open vertical boundaries, horizontally periodic

• Possible to introduce field through bottom boundary

• “Realistic” EOS

• Detailed radiative transfer along 24 rays
• Multi group opacities (4 bins) with scattering

• NLTE losses in the chromosphere, optically thin in corona

• Conduction along field lines
• Operator split and solved by using multi grid method

• Non-equilibrium Hydrogen/Helium ionization

• Generalized Ohm’s Law

BIFROST
Hansteen 2004, Hansteen, Carlsson, Gudiksen 2007, Sykora, Hansteen, Carlsson 2008, 

Gudiksen et al 2011
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http://sdc.uio.no/search/simulations

IRIS Technical Note 33; Carlsson et al 2016
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Too narrow profiles

• Lack of numerical resolution

• Ion-neutral effects

• Magnetic field history

Need flatter temperature structure: 
more heating low down

Need more chromospheric material



Effects of numerical resolution



Uz at z=0



Ortiz et al. 2014, ApJ 781, 126



• jet extends some 1000 km below; 2000 km above photosphere
• duration some hundreds of seconds
• strong heating in current sheet
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Non-Equilibrium ionization

Figure 8. Joint probability density function of height and logarithmic temperature. The figure includes data from the time interval 1000–3000 s. The three horizontal
plateaus (at 6, 10, and 22 kK) in the LTE simulation indicate preferred temperatures when using the LTE equation of state. These temperatures are associated with the
LTE ionization of H I, He I, and He II. The plateaus vanish when we introduce non-equilibrium hydrogen and helium ionization.

Figure 9. Differential emission measure averaged over the time interval
1000–3000 s. The HELIUM run DEM does not have a bulge associated with
the preferred temperature at T=22 kK, like the other three runs. It has a higher
value than the other three runs in the temperature range 11–18 kK.

Figure 10. Occurrence of helium ion fractions as a function of temperature for
He II in the top panel, and He III in the bottom panel. Each column has been
normalized to increase readability. Median values and CHIANTI values are
overplotted.
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Formation of the EUV helium resonance lines
T. P. Golding et al.: Formation of the helium EUV resonance lines

Fig. 3. Differential emission measure derived from the model
atmosphere. The DEM is derived from the intensities of the
lines shown in Fig. 2

Fig. 4. Enhancement factors for all the lines modelled. The lines
selected for DEM inversion are indicated by red diamonds. The
helium lines are indicated by the black stars. The blue diamonds
show the enhancement factors for the helium lines if we use
their optically thin equilibrium intensity as the ’observation’.
The black diamonds show the enhancement factor for all the
other lines included in the study.
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• Bifrost simulations

Enhanced  
network/plage

Enhanced  
network/plage

Ion-neutral effects

• 90 Mm x 43 Mm at 16 km resolution

• 190 G in photosphere

Martínez-Sykora et al, 2017 Science 356,1269


