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Motivation and aims
• Differences in plasma composition in flares and between AR is present 

“physical reality” 
• TEMIRA (discussed on previous STIX Meetings) results reveal variations in 

flaring plasma iron abundance (AFe in a wide range 7.20  8.60), a factor of 
25 difference, more than a difference between photospheric (AFe =7.47) 
and coronal (AFe =8.10)  

• Using flare measurements by STIX and GOES (when commonly observed) 
will provide a deeper insight into temperature structure of flaring plasma 
(DEM distribution) 

• SSW (at present, goes) interprets GOESXRS emissivities in 0.5-4 Å and 1-8 Å 
channels for two discrete abundance models only: photospheric & coronal



Examples of TEMIRA AFe behaviour



XSM Chandrayaan-2 spectra analysis indicate even 
larger amplitude of STIX variations for the same event



What was done
• We checked, how this varying plasma composition may affect results of  

analyses of GOESXRS (power in 0.5-4 Å and 1-8 Å channels ) as made using 
the isothermal approximation 
• We recalculated GOESXRS emissivities (from scratch) for photospheric and 

coronal composition models for GOES satellites 16, 17, 18 & 19. We used 
GOESXRS transmissions, as provided within SolarSoft (C:\ssw\gen\idl\synoptic\goes 

& https://www.ngdc.noaa.gov/stp/satellite/goes-r.html) covering (expanded) wavelength 
range  0.2-70 Å ( 0.18-62 keV) , wider than that used in SSW goes  routine 
description. CHIANTI 10 was used, the same as in goes. 
• SSW goes limitations: T is within 4.1-100 MK,phot. or coronal abundance 

models, while our is 2-100 MK, any abundance of iron 
• Next slaids show how our “recalculated values” agree with the SSW results 

for  temperatures T and Emission Measures (EM)

https://www.ngdc.noaa.gov/stp/satellite/goes-r.html


Panels comparing present and the standard SSW (as comes from goes):  
photosperic                                coronal

Conclusion: our more precise calculations of GOESXRS  responses are in “good agreement” with  SSW goes  
(10% in emission measures Our approach is more precise!



Let’s check what may happen when we misinterpret  
the abundance: coronal vs. Photospheric:  

two example fluxes „observed” with the ratio 0.1, 0.5

3 X

1.6 X

If the actual plasma composition 
is photospheric, but we assume 
wrongly coronal, then derived EM 
can be factor of ~3 lower

For M1.0 class flare: 
F1-8=10-5 W/m2F 
F0.5-4=10-6 W/m2 



Temperature dependent differences when we mis-
interpret the abundance: coronal vs. photospheric

Mostly 
the case

Assumed coronal but 
photospheric

Assumed photospheric but coronal



So, a need arrived at our Team to create  “iron abundance” dependent “goes”  
fluxes interpretation package. 
(to be further used in TEMIRA differential emission measure deconvolution)

• GOES fluencies in two standard bands are being used as entries, however the 
iron abundance is an optional extra parameter in the flux ratio interpretation. 
• TEMIRA (or Three channel factor TCF-see later) provide actual AFe abundance 

values, so abundance-dependent GOES results (AFe ,TGOES, EMGOES) can be 
determined  
• If XRS GOES and STIX measured fluxes are to be interpreted together for events 

commonly observed , TEMIRA AFe values are to be used for the emission 
measure estimates  
• A routine in IDL (Py) is in preparation to address an AFe dependent “goes” data 

interpretation, based on spectra observed in the thermal range   of  five lowest 
energy STIX channels: 4-5-6-7-8-9 keV. 
• This should eventually replace present SSW “goes” in realistic XRS data 

interpretation



An illustration of this computationally exhaustive calculations for 
GOES-16XRS responses for a range of iron abundances AFe 
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For practical reasons a higher “resolution” is 
necessary to work with the data: goes_abu

• goes_abu( 19, AFe , f1-8, f0.5-4,[tst,ten]) 
• ,[tst,ten] array of start & end times 

•  provide: 
• Tg, Tglow,T gup in the range 2 – 100 MK, resolution 

0.001 dex 
• EMg, Emglow, Emgup 
• AFe  can be  function of time, assumed constant 

between ,[tst,ten], in the range 6.0-11.0, 
resolution 0.001. dex 

• For GOES: 16, 17, 18 & 19

Isolines 
of 

constant 
ratio



 and GOES-16 emissivities  for EM=1049 cm-3 

similar patterns exist for GOES-17, 18 & 19

• EM is from the 
ratioof 
observed flux 
to predicted 
(for 
EM=1049cm-3) 
i.e. the 
reference EM 
used for 
simulating 
CHIANTI 10



What is next?
• Use abundance-dependent GOES emissivities to study DEM flare evolution by 

combining data from STIX and GOES in Temira_Goes DEM package (slaid after 
next) 
• Make goes_abu available in SolarSoft (Karol Kułaga) and  python (Agnieszka 

Kopacz). 
• Work on version of goes_abu, where time-dependent “abundance vector for all 

important elements” can be set and used to interpret GOES data together with 
knowledge on changing elemental composition: 
• Chandrayaan-2. (Kepa et. Al. 2025, ) 
• Aditya-1  
• CubiXSS (Caspi et al, in preparation, launch Feb.15 2027)) 
• SUNSTORM 1/XFM-CS (Takala et al. 2025) 
• SDO (Woods, 2026) and 
• ALL studies where GOES EM is used to compare with!!!





Our goal: common STIX & GOES DEM analysis

• 5-50 MK range 
• Modified Max 

Likelihood 
algorithm (W-S) 
• 30 000 iter 

•  Afe as 
determined 
from TEMIRA

STIX 20 -28 keV



Proxy for iron abundance: Three channel 
factor TCF:  (6-7 keV)/((5-6 keV)*(7-8 keV)

• Nearly always available 
in the spectroscopy 
mode -for most of (105) 
flares?? A new 
parameter characterizing 
hot plasma at each time 

• Three channel maps --> 
abundance mapping, 
channels 5-6-7-8 contain 
the most of flux (for 
flares) and their TCF 
represents iron 
abundance

2022-Mar-31 18:36, M9,6

2021-May-07 19:04, M4.0



Thank you !


