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Sun Background

2https://aasnova.org/2018/07/25/shocks-in-the-solar-atmosphere/
https://ase.tufts.edu/cosmos/view_picture.asp?id=174



Flares are Magnetic Reconnection Events!
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Composite Intensity Image Difference Image

Sun et al. 2015Slide courtesy of Chris Moore

Teal – 171Å – 1MK

Red -94Å - 6MK 



Radiative Cooling and Model Plasma Spectra
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Temperature

Slide courtesy of Chris Moore



Models X-Ray Spectra
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MinXSS CubeSats
• Miniature X-Ray Solar Spectrometer

• Dimensions ~ 34 x 10 x 10 cm (13.4 x 4 x 4”) ‘cube’

• Mass ~ 3.5 kg

• X-ray Spectrometer (X123)
• Amptek X123 Silicon Drift Diode (SDD)

• 0.8 – 12 keV bandpass

• 0.03 keV bins -> 0.15 keV FWHM resolution
• Δt = 10 seconds cadence

• FOV = 4°

• ΔV ~ Eph
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• Elemental Abundances in the Solar Corona as Measured by the X-ray 
Solar Monitor Onboard Chandrayaan-1 -Narendranath et al. 2014

• Solar Flare Element Abundances from the Solar Assembly for X-Rays 
(SAX) on Messenger - Dennis et al. 2015

• Distinctive Results!!! 
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Previous elemental abundance results in Soft X-ray Flare



SAX and XSM- Results
Messenger Solar Assembly for X-rays 
(SAX)
• Six-year mission- 2007 to 2013
• 526 large flares 
• Analyzed Messenger SAX solar flare 

data (ΔE ~ 0.6 keV @ 5.9 keV)
• Estimate elemental abundance 

enhancement 
• 1 – 10 keV

Chandrayaan-1 X-ray Solar Monitor 
(XSM)
• Nine-month mission- November 2008 

to 29 August 2009
• ~23 A, B, C class flares
• Analyzed Chandrayaan-1 XSM (ΔE ~ 

0.2 keV @ 5.9 keV)
• Estimate elemental abundance 

enhancement 
• 1.8 – 8 keV

MinXSS- spectral resolution (ΔE ~ 0.15 keV), 
>40 potential flares C and M flares,  enhance 
previous solar flare abundance studies, broader 
spectral coverage (0.8 – 12 keV bandpass)
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Messenger Solar Assembly for X-rays 
(SAX)

Chandrayaan-1 X-ray Solar Monitor 
(XSM)

SAX and XSM- Analysis
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Narendranath et al. 2014Dennis et al. 2015



SAX and XSM- Results
Messenger Solar Assembly for X-rays 
(SAX)

Chandrayaan-1 X-ray Solar Monitor 
(XSM)

• Fe > Ca > Si• Ar shows anomalous behavior
• Seems self-consistent
• Fe and Si photospheric 10



Start own study of MinXSS M5.0 Flare July 23, 2016
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MinXSS Spectra- Fix Elemental Abundance
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MinXSS Spectra- Single Scale Factor for Low FIP
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MinXSS Spectra- All Elemental Abundance Varies
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MinXSS-2T-All Free Temperature & Emission Measure
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MinXSS-2T-All Free
Abundances

Coronal
Abundances

Photospheric
Abundances
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Results

• Fit M5.0 Flare with several fits

• Consistent 20 MK temperature 

• Need more temperature components to fit data

• Low fip match Dennis et al. results – photospheric abundance 



Future Work

• Analyze more MinXSS Flares
• Compare results to other soft X-Ray studies

• Differential Emission Measure
• Use other instruments like XRT to constrain temperature sensitivity 
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Summary

Soft X-Rays spectra is sensitive to temperature, emission measure and 
elemental abundance  
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Thank you!
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Models X-Ray Spectra
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MinXSS-1 + RHESSI Flare Spectra
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Moore et al. 2018 (published in Solar Physics)Slide courtesy of Chris Moore


