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The Carrington event
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A CME heading straight for Earth on Oct. 28, 2003. 
Image credit: SOHO. 

Halloween Storms
“59% of NASA’s Earth and space science satellites 
were affected in one way or another.” Phillips, 2021
https://spaceweatherarchive.com/



1859: the Carrington event

NASA's Goddard Space Flight Center



Ozone is destroyed by 
high energetic 
particles emitted by 
the Sun

Ridgway et a. 2022. MNRAS



Thomas et al. 2003. Geophys. Res Lett.



Main sequence M stars: 
M dwarfs a.k.a. red dwarfs

• Masses: 0.06-0.6 Solar 
masses.

• Luminosities: 0.6-10-4 Solar 
luminosity.

• 73% of the stars in the 
solar neighborhood: Many 
of them to search for 
habitable planets.

• Most likely targets for 
characterization of 
potentially habitable 
planets.



Released a bolometric energy of 
1033.5 erg (Howard et al. 2018). 

Proxima Centauri
March 2016

Optical flux increased by a factor of ~68



Howard et al. 2018 Astrophys. Journal Lett. 



Howard et al. 2018 Astrophys. Journal Lett. 

Ozone layer would be destroyed increasing 100 
times the ultraviolet radiation at the surface
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TRAPPIST-1 system



Credits: Illustration: NASA, ESA, CSA, J. Olmsted (STScI); 
Science: Thomas Greene (NASA Ames), Taylor Bell (BAERI), 
Elsa Ducrot (CEA), Pierre-Olivier Lagage (CEA)





Shaping new atmospheres
O

2
 rich atmospheres 

(Luger and Barnes, 2015)



Space weather around M dwarfs may be 
less dramatic than originally predicted.

Numerical models and future observations 
would provide clues about the effects of 
extreme space weather environments.


