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Space weather: 
Science of Sun-Earth interactions
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The Sun : an active star

Solar wind emission : 109 kg.s-1
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The Sun : an active star

surface activity
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Coronal Mass Ejection (CME)
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• Solar surface activity results in plasma ejection



Magnetic reconnection at 
the magnetopause

magnetopausemagnetosheath magnetosphere
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Geomagnetic storm and 
their effects
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The reconnection rate

• Sweet-Parker model :  
the ideal MHD with resistive region
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The reconnection rate
• Sweet-Parker reconnection rate too low to explain solar 

flare, dayside reconnection, etc… 

• Petschek model :  smaller diffusion region + slow shock 

diffusion region slow shocks

R ⇠ vin/vA ⇡ ⇡

8 ln(LvA/⌘)
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The reconnection rate
• Asymmetric magnetic reconnection 

• Cassak-Shay semi-empirical formula:

Cassak+ PoP (2007)
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The plasmaspheric plumes
• Dense and cold plasma from the ionosphere 

• Happens after geomagnetic storm
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Cold ions : a non-negligible population

Walsh+ GRL (2014)

magnetosheath magnetosphere

Sheath ions

Hot sphere ions

Cold sphere ions

Influence of cold ions : 

• Major contribution to the density 

• New scales in magnetic reconnection 
(Toledo-Redondo+ GRL 2015) 

• Others unknown effects?Andre+ GRL 
 (2012) 12/24



Question: 

What is the effect of cold 
ions on signatures of 

magnetic reconnection?
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Cold ions : a non-negligible population

Walsh+ GRL (2014)

magnetosheath magnetosphere

Sheath ions

Hot sphere ions

Cold sphere ions

Influence of cold ions : 

• Major contribution to the density 

• New scales in magnetic reconnection 
(Toledo-Redondo+ GRL 2015) 

• Others unknown effects?Andre+ GRL 
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Simulation initial setup
• Two 2D fully kinetic 

simulations: 

• with cold ions 

• without cold ions 

• Same total density, total 
temperature and magnetic 
field. 

• Only difference : species 
on magnetospheric side 

• Initialisation done with 
regards on observations  
(Toledo-Redondo+ GRL 
2015)
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  B = -1 
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B = 2 
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• No real effect of cold ions on the reconnection rate

Reconnection rates

run A : without cold ions 
run B : with cold ions
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with  
cold ions

without  
cold ions

Cold ion effects on the electric field
Extended « Larmor » electric field

magnetosheath

magnetosphere

17/24



with  
cold ions

without  
cold ions

Extended « Larmor » electric field
Cold ion effects on the electric field
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• Cut far from 
the X line 

• Only cold 
ions are 
frozen-in
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Cold ions and E-field far from the X-line
Frozen-in cold ions
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• Frozen-in cold ions —> drift in the E field 
 
                      is modified
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Cold ions and E-field far from the X-line
Frozen-in cold ions
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Hall term Pressure term 
(≈ 0)

Cold ion 
ideal term

Hot ion 
ideal term
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Sheath ion 
ideal term

Demagnetized ion ideal term

Origin of the new electric field
Generalized Ohm’s law
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Origin of the new electric field

12/15

without cold ions

with cold ions
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Origin of the new electric field

12/15

without cold ions

with cold ions

Demagnetized ions ideal term:

⇡
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Origin of the new electric field
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without cold ions

with cold ions

Hall term:

⇡
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Origin of the new electric field

12/15

without cold ions

with cold ions

⇡Cold ions ideal term:

Negative electric field
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• Cold ions are frozen in E-field at small scales 

—> They drift in small scale electric fields 

—> Their drift motion maintains those fields

Origin of the new electric field
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Origin of the new electric field
without cold ions

The initial electric field does not disappear in the simulation 
with cold ions 

—> Origin of the elongated negative electric field
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Conclusion

• Cold ions temperature does not seem to affect 
the reconnection rate 

• Cold ions have an effect on small scale 
electromagnetic fields
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Future works…
Plume simulation
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