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1. Why do Multi-Wavelength Observations Matter?

Extreme UV

UV Continuum (red)
~1MK (blue), 1.5-10MK (green)

Fletcher, L. (2021). Solar Flares - How the Sun Relaxes [Video]. YouTube. Hosted by E. DeLuca, Harvard CfA.
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3. Challenges of Multi-Wavelength Observations
• 2010-04-13 to 

2019-05-30   
(~9 years)

• Within solar 
cycle 24

• 16,667 flares

• Note: only a 
short window 
for 8 
simultaneous 
observations!



4. What did I do?

• GOES – 
Geostationary 
Observational 
Environmental 
Satellite

• 1975 - present

GOES 
Event List HEK

• Heliophysics 
Events 
Knowledgebase

Flares in both 
lists are not 
duplicated!

Overall Flare List

Create a reliable list of flares 
that occurred on the sun.



4. What did I do?

Finlay+ 2020

NASA

Create a reliable list of flares 
that occurred on the sun.

For each flare, determine if 
each of the 8 instruments 
observed.

• Could the instrument see 
the sun at the time?



4. What did I do?
Create a reliable list of flares 
that occurred on the sun.

For each flare, determine if 
each of the 8 instruments 
observed.

• Could the instrument see 
the sun at the time?

• Was the instrument 
pointed in the right 
direction?



5. Statistics of Multi-Wavelength Observations

Milligan & Ireland (2018)1 New Study

• 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑅𝑅𝑅𝑅𝑅𝑅𝑆𝑆 = 𝑁𝑁𝑁𝑁𝑁𝑁.𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝐹𝐹𝐹𝐹𝐹𝐹𝑂𝑂𝑂𝑂𝑂𝑂
𝑁𝑁𝑁𝑁𝑁𝑁. 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝐹𝐹𝑂𝑂𝐹𝐹𝑂𝑂 𝐹𝐹𝐹𝐹𝐹𝐹𝑂𝑂𝑂𝑂𝑂𝑂

× 100 

  𝑁𝑁𝑆𝑆𝑁𝑁.  𝑂𝑂𝑂𝑂𝑆𝑆𝑆𝑆𝑂𝑂𝑂𝑂𝑅𝑅𝑂𝑂𝑂𝑂𝑆𝑆 𝐹𝐹𝑂𝑂𝑅𝑅𝑂𝑂𝑆𝑆𝑆𝑆  =  the number of flares that occurred during an instrument’s lifetime.

[1] Milligan, R. O., & Ireland, J. (2018). On the performance of multi-instrument solar flare observations during Solar Cycle 24. Solar Physics, 293(2).



5. Statistics of Multi-Wavelength Observations

* Newly found flare with 8 simultaneous observations.

• Previously published by Milligan & Ireland (2018), also observed by Fermi.



6. Summary & Further Study
• Included FERMI + 7 previously investigated 

instruments.

• Catalogued 16,667 solar flares.

• Uncovered new C-class flare observed by 8 
instruments.

• + Conversion to Python

• + Additional instruments.

• + Off Earth-Sun axis instruments.

• + Online dashboard.

• + Online hosting?



Backup Slides



What did I do?
• Majority of 

instruments 
active



What did I do?
• Majority of 

instruments 
active

• Within solar 
cycle 24



What did I do?
~9 years

• Majority of 
instruments 
active

• Within solar 
cycle 24

• 16,667 flares

2010-04-13 to 2019-05-30



What did I do?
314 days

• Majority of 
instruments 
active

• Within solar 
cycle 24

• 16,667 flares

• Note: only a 
short window 
for 8 
simultaneous 
observations!



2013-11-09 06:38 C2.6 Flare 



2013-11-09 06:38 C2.6 Flare 



What is a Solar Flare?

Shibata+ 1995

The standard model of a solar flare:

1. Magnetic reconnection

2. Acceleration of electrons

3. Non-thermal electron bombardment of 
chromosphere

4. Chromospheric 
evaporation/condensation
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