
Polar aurora: from the solar wind 
to light emissions. 

Space weather. 

Seminaire LPSC 05/06/2014 









Solar wind influence 



Polar Cusps 



La magnétosphère interne. 



Radiation belts 

Magnetic mirror geometry. 



Auroral oval 

Auroral oval taken from 
dynamic explorer. 



Atmoshpere magnetosphere 
interaction 

•  Particles precipitation 
•  Electrons 

–  Data from DMSP satellites 
»  2 populations with a separation around 600 eV 
  pop : E>600eV  →More energetic on the dawn side. 
      → 2 maxima just before noon  
and midnight .  
Mean Energy around 3.5 keV; fluxes ~1.5x108keV.cm².s-1.sr-1 for 

Kp=1 
  pop : E<600eV   
 →closer to the pole. More important on the dayside. 
 →Mean energy around 220eV for Kp=1 

Question of the distribution 



Atmosphere magnetosphere 
interaction. 

Figure I-2 : Oval model for  Kp=1. Statistical model based on dynamic explorer (Hardy D.A., M.S. 
Gussenhoven , and E. Holeman, A statistical model of auroral electron precipitation., J. Geophys. Res., 90, A5, 

4229-4248, 1985). Left panel: integrated energy flux (mW.m‑2). Integrated particle flux [s‑1.m‑2].  



Atmospher magnetosphere 
interaction 

•  ions 

DMSP spectra: 26 millions 
- Max ~24h and min ~12h.  Max Mean energy 13,6 keV energy flux 5,52 107 keV cm‑2 s‑1 sr‑1. Kp=1 
 Diurnal minimum, mean Energy 2,54 keV ; flux 1,23 107 keV cm‑2 s‑1 sr‑1.  

-NB: Plasmasphere connection induces precipitation at low latitude also. 
However they are 1000 times weaker. 



Emissions processes? 



Terrestrial atmosphere: composition 
and fluid nomenclatura. 
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Atmosphere and ionosphere. 
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Spectrum. 

Figure VII-2: spectre du ciel nocturne (Issu de Rees, 1989 ; acquis par Broadfoot et co-auteurs) Spectrum of the airglow. Sza= 48°, f10.7= 80. from Broadfoot et al. 1997 



Solar EUV flux vs electron 
precipitation 

•  Chapman theory 

•  SZA 
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Secondary electrons and 
transport. 

•  Kinetic calculations 
•  Primary: Energetic input 

(Photons or electrons from 
the magnetosphere) 

•  Secondary: Transport 
equation (Botzmann) 

–  Loss and creation (chimical 
equilibrium) 

•  Need for large database 
of cross sections 
–  Pb of the redistribution 

angles 
•  Large question of the 

double differential cross 
sections 



Ionospheric layers 
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Figure I-17 : vertical profile of the 
ionic concentrations. 

F1  region 
peak 

Dayside 
Ionosphere 
χ=80°, f10.7 
= 100. 

E region 
peak 























































Problematic of the auroral studies? 

Lack of observable quantities. 
 too high for ballons, too low for satellites… 



A useful instrument for ionospheric 
studies. 

•  Incoherent scaterring 
•  f > fplasma 

•  λ< Debye length  
Typically λD=0.27cm an 

thus fmax=100 GHz 
•  In fact 

–  VHF 224 MHz 
–  UHF 931 MHz 







Spectral data 

But still 
missing 
data. 



Polarisation of the emission 



Polarisation of the emissions 



Polarisation of the emissions 

Lilensten et al. 
2014; submitted 
to JSWSC 



Solar wind effect on the Earth: A 
step to the space weather. 



And on the other planets 









HST STIS 
detection: 
First detection 
from Earth based  
telescope. 

A very special 
morphology 



The exoplanets? 
No clear 
detection of 
magnetic field. 
The 
interpretation in 
this paper is 
strongly 
optimistic  
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