
The first comparison of the MSDP spectroscopic observations 
of a solar flare recorded in the hydrogen H-alpha line with  

the results of RHD modeling obtained from the FLARIX code 
 

             Krzysztof  Radziszewski 1,3, Petr Heinzel 2,3, Jana Kasparova 2,                                 
               Paweł Rudawy 1, Arkadiusz Berlicki 3, Robert Falewicz 1 

 

 

1  Astronomical Institute of the University of Wrocław, Poland 

 2 Astronomical Institute of the Czech Academy of Sciences, Czech Republic  

 3 University of Wrocław, Centre of Scientific Excellence - Solar and Stellar Activity, Poland 

 

Toruń,  12  IX  2023 



The first comparison of the MSDP spectroscopic observations 
of a solar flare recorded in the hydrogen H-alpha line with  

the results of RHD modeling obtained from the FLARIX code 
 

             Krzysztof  Radziszewski 1,3, Petr Heinzel 2,3, Jana Kasparova 2,                                 
               Paweł Rudawy 1, Arkadiusz Berlicki 3, Robert Falewicz 1 

 

 

1  Astronomical Institute of the University of Wrocław, Poland 

 2 Astronomical Institute of the Czech Academy of Sciences, Czech Republic  

 3 University of Wrocław, Centre of Scientific Excellence - Solar and Stellar Activity, Poland 

 

Toruń,  12  IX  2023 



The first comparison of the MSDP spectroscopic observations 
of a solar flare recorded in the hydrogen H-alpha line with  

the results of RHD modeling obtained from the FLARIX code 
 

             Krzysztof  Radziszewski 1,3, Petr Heinzel 2,3, Jana Kasparova 2,                                 
               Paweł Rudawy 1, Arkadiusz Berlicki 3, Robert Falewicz 1 

 

 

1  Astronomical Institute of the University of Wrocław, Poland 

 2 Astronomical Institute of the Czech Academy of Sciences, Czech Republic  

 3 University of Wrocław, Centre of Scientific Excellence - Solar and Stellar Activity, Poland 

 

Toruń,  12  IX  2023 



FLARIX  code 



FLARIX  RHD  Model  

FLARIX is radiation hydrodynamic code  
 

created by scientific group form Ondrejov (Czech Republic):   
P. Heinzel, J. Kasparova, M. Varady   
(Astronomical Institute of the Czech Academy of Sciences). 

 

 
Some facts about code:  
 
- fixed, but optimized grid with almost 2000 points  (number of points depends on the      
atmospheric structure) 
 

- hydrodynamic equations and non-LTE equations are solved separately (but the non-LTE 
problem is also solved implicitly by linearizing the preconditioned kinetic equations and 
constraint equations) 
 

- hybrid test-particle unit which allows realistic simulation of the time-dependent 
electron/proton beam propagation, scat-tering and energy deposit.  
 

- optically-thick radiative transfer problem is solved using the ALI (Accelerated Lambda 
Iteration) techniques 
 

etc.  



MSDP data (Hα line) 



Horizontal Telescope 

Large Coronagraph 

Telescopes at Białków Observatory 



Horizontal Telescope (HT) 

coelostat    = 30 cm 

  = 15 cm 

feff = 500 cm 



 

<=  diffraction grating 600 ll/mm  
   

  - size: 206 × 254 mm2 
   

  - 4th order of spectrum  

    (angel of reflection = 48˚35' ) 
 

  - d = 1.6Å  for H line (6562.78 Å)    
 

  - effective  for imaging: d = 1.2 Å  

 

 

 

 

<=  9 channel MSDP prism-box 
 

  - width of channel = 0.4 mm 
 

  - separation of channels = 1.2 mm 

 

 

 

MSDP imaging spectrograph 



FLARIX   &   MSDP 

C1.6 GOES-class solar flare  
 

- 10.09.2012, 10:20 UT 
 

- NOAA 11564 (S13 W58)  
 

- HXR up to 70 keV  

  

 

Radziszewski et al. 2020 



FLARIX   &   MSDP 

C1.6 GOES-class solar flare  
 

- 10.09.2012, 10:20 UT 
 

- NOAA 11564 (S13 W58)  
 

- HXR up to 70 keV  
 

- MSDP-HT Fast Mode of obs. 

 

Radziszewski et al. 2020 

     MSDP      

     MSDP      



FLARIX   &   MSDP 

Fully understanding of solar flare physics:  
 

- understanding flare processes  
   

Radziszewski et al. 2020 



C1.6 flare  ;   10.09.2012, 10:20 UT 

16 sec =>  10:21:36 UT - 10:21:52 UT  

 
 

  

 

   FLARIX   &   MSDP 



FLARIX   &   MSDP 



C1.6 flare  ;   10.09.2012, 10:20 UT 
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   FLARIX   &   MSDP 



C1.6 flare  ;   10.09.2012, 10:20 UT 

16 sec =>  10:21:36 UT - 10:21:52 UT  

 

 

 

Modulation  of the NTEs flux and the  

energy flux with the HXR light curve  

(RHESSI) 
 

  

 

   FLARIX   &   MSDP 



C1.6 flare  ;   10.09.2012, 10:20 UT 

16 sec =>  10:21:36 UT - 10:21:52 UT  

 

 

 

Modulation  of the NTEs flux and the  

energy flux with the HXR light curve  

(RHESSI) 
 

 
 

  

 

   FLARIX   &   MSDP 



FLARIX  -  12 sec of the Hα line profile evolution 
   



Comparison of numerical and observational data  



μ = 0.56 



μ = 1.0 



 

       C1.6 flare  ;   10.09.2012   

 

           FLARIX  Hα QCh emission (μ = 0.56)                     FLARIX  Hα flaring emission (μ = 0.56) 

                                                                                                                   10:21:41,5  UT 

 



  Net emission (integral after subtraction of QCh emission) for H3 peak at 10:21:41.5 UT 
 

        MSDP = 1 100 411 [erg/s*cm2*sr]                        FLARIX  =  4 479 392 [erg/s*cm2*sr] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  =>  observed emission is about 4-times smaller then calculating 

 
  

 

μ = 0.56 μ = 1.0 



 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

  

 

   FLARIX   &   MSDP   -   Light Curves 
 

Time evolution of the 
synthetic and observational  
Hα line center intensity: 
 
 
FLARIX light curve  => 
 
 
 
 
 
 
 
MSDP light curve  => 
 
 



Possible scenarios 



1.   One or two sources ?      
 

 

             C1.6 flare  ;   10.09.2012                      1 px = 1.6 x 1.6 arcsec (≈ 1160 x 1160 km) 

 

 



dekonvolution 1:5                                 dekonvolution 1:5  + contour 97%  

1.   One or two sources ?     

10:21:48 UT 



1.   One or two sources ?     

C1.6  flare  ;  10.09.2012 , 10:20 UT                                               RHESSI  15-25 keV 
   

Radziszewski et al. 2020 



Jing et al. 2016 



Figure 7. Panels c) and d) the IRIS Mg II k (2796 A) slit-jaw image and the NST Hα image, both have the 
same FOV and were taken almost at the same time. The brightenings are indicated with arrows.                
The Gaussian FWHM and +/-3σ are provided. Jing et al. 2016 



Jing et al. 2016 



2.   Filling factor (ff < 1)     



2.   Filling factor (ff < 1)     

Capparelli et al. 2017 

C3.3 flare  ;  22.04.2014 , 15:16 UT   

DST/IBIS    
 

+ RADYN  =>  two sets of parameters (F9.5 and F10) based on RHESSI X-ray spectra 

                                         
   



2.   Filling factor  (ff < 1)    
Capparelli et al. 2017 



 

  MSDP Hα line profile with „ff” for H3 peak at 10:21:41.5 UT 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
  

 



Kuridze et al. 2020 

3.   Obscuring by chromospheric structures     



Swedish Solar Telescope  
Ha +0,7Å 

Radiation obscuring  
by chromospheric  
Structures. 
 
 
 
 
 
 
 
 
Important angel of LOS  



Radziszewski et al. 2007 



4.   Lateral radiation transport      

Effect of lateral radiation transport in the Hα line. 

 

For small compact flare kernels the  

radiation can escape horizontally into  

the surrounding non-flaring chromo- 

sphere.  

 

Effect decreasing the line source  

function in comparison to 1D plane- 

-parallel models like FLARIX or RADYN. 

 

 

 

Photon „leakage” is more important  

in the line wings  (in the „peaks” in  

wings). 

 



Summary 

 

- Similar results for flaring light curves in the Hα range. 
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 - number of visible/real sources (foot-points) 

 - ff (<1) 

 - obscuring 

 - effect of lateral radiation transport in the Hα line (will be develope) . 
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Summary 

 

- Similar results for flaring light curves in the Hα range. 

 

- Smaller flaring observational emission in the Hα range.  

 

- Factors affecting the reduction or increase of the observed flare emission: 

 - number of visible/real sources (foot-points) 

 - ff (<1) 

 - obscuring 

 - effect of lateral radiation transport in the Hα line (will be develope) . 

 

- Presently FLARIX working quite stable for spectra from RHESSI (as imput). 

 

- Further work on comparing models with observations looks promising.  

 



Thank you for attention 





1.   One or two sources ?     

C1.6  flare  ;  10.09.2012 , 10:20 UT                                               RHESSI  20-70 keV 
   

Radziszewski et al. 2020 
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(EN): 
 

The first comparison of the MSDP spectroscopic observations 
of a solar flare recorded in the hydrogen H-alpha line with the 

results of RHD modeling obtained from the FLARIX code 
 
 
 Selected aspects of the analysis of a solar flare emission modelling in the 
hydrogen H-alpha spectral line (6563 A) results obtained from the FLARIX code will be 
presented during the speach. A compact solar flare of the C1.6 class, observed at the 
Bialkow Observatory, belonging to the Astronomical Institute of the University of Wroclaw, 
was selected as the target of numerical modelling. Observational data obtained using the 
MSDP imaging spectrograph located at Bialkow enabled a unique 2D analysis of hydrogen 
H-alpha flare emission with a time resolution of 50 ms. Thanks to the possibility of 
obtaining 2D images and the spectral line profile in each pixel of the field of view (for each 
single exposure), diagnostics of both the total emission of the flare with high time 
resolution and the analysis of the line profile shape from individual parts of the flaring area 
were carried out. The synthetic emission of the flare was calculated using the FLARIX 
hydrodynamic code (taking into account radiative losses), developed by the heliophysics 
group led by prof. Petr Heinzel from the Astronomical Institute of the Czech Academy of 
Sciences at Ondrejov (currently also employed at the University of Wroclaw, in the frame 
of Incubator of Scientific Excellence - Activity of the Sun and Stars). 
  



(PL): 
 

Pierwsze porównanie spektroskopowych obserwacji MSDP rozbłysku 
słonecznego zarejestrowanego w linii H-alpha wodoru z wynikami 

modelowania RHD uzyskanego kodem FLARIX 
 
 

 Wybrane aspekty analizy wyników modelowania emisji rozbłyskowej w zakresie 
linii widmowej H-alpha wodoru (6563 A) uzyskanych kodem FLARIX, zostaną przedstawione 
podczas wystąpienia. Jako cel modelowania numerycznego wybrany został kompaktowy 
rozbłysk słoneczny klasy C1.6, zaobserwowany w Obserwatorium w Białkowie, należącym 
do Instytutu Astronomicznego Uniwersytetu Wrocławskiego. Dane obserwacje uzyskane 
przy użyciu spektrografu obrazującego MSDP znajdującego się w Białkowie, umożliwiły 
unikatową analizę 2D emisji rozbłyskowej w linii H-alpha wodoru z rozdzielczością czasową 
wynoszącą 50 ms. Dzięki możliwości uzyskania 2D obrazów oraz profilu linii widmowej w 
każdym pikselu pola widzenia (dla każdej pojedynczej ekspozycji), została przeprowadzona 
diagnostyka zarówno całkowitej emisji rozbłysku z wysoką rozdzielczością czasową, jak i 
analiza kształtu profilu linii z poszczególnych fragmentów obszaru rozbłysku. Syntetyczna 
emisja rozbłysku została policzona kodem hydrodynamicznym FLARIX (z uwzględnieniem 
strat promienistych), rozwijanym przez grupę heliofizyczną pod kierownictwem prof. Petra 
Heinzel'a z Instytutu Astronomicznego Czeskiej Akademii Nauk w Ondrejovie (obecnie 
zatrudnionego również w UWr, w ramach działania Inkubatora Doskonałości Naukowej - 
Aktywność Słońca i Gwiazd).   




