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¥! Overview of reconnection at the dayside magnetopause!
  in global MHD simulations (the LFM code)!
¥! Focus on understanding the simplest case: !
  Southward  IMF (Interplanetary Magnetic Field)!
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 Dayside Reconnection Rate 
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Reconnection rate !
determined by the !
amount of ßux!
that intersects the!
separator line!



Focus now on the physics of 
the southward IMF case:!





To compare to 2D models of reconnection, use 
out-of-plane E to measure reconnection rate!

Esw


Ein


Sun!Earth!



In 2D, E is How Much Flux is 
Reconnected Per Unit Length


¥!Flux passing L in dt is:!
   dΦ = B ⋅ dA = B ⋅ L ⋅ vdt                dΦ/dt = v⋅ B ⋅ L


¥!If  E = vB  then  E = (dΦ/dt)/L!

vdt


L


B


v


E
 dA = L ⋅ vdt!



¥!Reconnection rate controlled by solar wind conditions!

¥!Reconnection is slightly less efÞcient for stronger driving!

¥!What does the factor of 0.46 mean?!

Ein = 0.46Esw!

Ein = Esw!

    Ein!

Esw (mV/m) !



Reduction of E reßects spreading of ßow


¥! If ßux is conserved:  vswBswdsw ~ vinBindin!

¥! Since  E = -v !  B  this gives   Eswdsw ~ Eindin   so:!

Thus if din > dsw then Ein < Esw !

! 

Ein

Esw

~
dsw

din



The Cassak-Shay Model1!

¥!Developed by Paul Cassak 
and Michael Shay in 2007!

¥!Asymmetric model based 
on resistive MHD!

   Region 1 = magnetosphere (Earth)!

    Region 2 = magnetosheath (Sun) !

       ρ1 << ρ1  and  B1 >> B2!

1. P. A. Cassak and M. A. Shay. 
Scaling of asymmetric magnetic 
reconnection: General theory and 
collisional simulations. Physics of 
Plasmas, 14:102114, 2007."

ρ1 << ρ1

B1 >> B2!

Earth! Sun!



SimpliÞed Derivation!
¥! Region 1 is the magnetosphere and !
      Region 2 is the magnetosheath!

¥! Need equal magnetic ßux from both sides:!

Ein = v2B2 = v1B1

         so the magnetospheric inßow speed is!

v1 = v2(B2/B1)!
¥! Thus the magnetospheric mass ßux is!

ρ1 v1 = ρ2 v2(B2/B1)(ρ1/ ρ2)!

¥! For the magnetopause!
(ρ1 /ρ2) << 1 , (B2 /B1)<<1   so   ρ1 v1 << ρ2 v2


¥! So in this situation, mass continuity dictates!

ρoutvout⋅2δ ~ ρ2v2⋅L !

Ð! most mass comes in from magnetosheath 
and leaves through outßow jets!

ρ1 << ρ1

B1 >> B2!



¥! Mass conservation:!
ρoutvout⋅2δ ~ ρ2v2⋅L!

¥! Solve for v2:!

¥! This yields the reconnection rate:!

¥! We can also predict the outßow speed...!

! 

Ein " v2B2 ~ B2
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¥! Energy conservation requires!

¥! Because v1B1 ~ v2B2, the second term is 
smaller by a factor of (B2/ B1) so!

¥! Divide energy equation by mass equation to 
get outßow speed!
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¥! Recap of main results:!

¥! How does this hold up in our 
simulations?!
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¥! Cassak-Shay Formula overpredicts by a factor of 5!

Ein = 0.19ECS!

Ein = ECS!

Ein!

  ECS  (mV/m)!



Why is predicted E too large?!

¥!To get                               we made two 
assumptions:!
Ð!Continuity:!

ρoutvout⋅2δ ~ ρ2v2⋅L!
Ð!Outßow Speed:!

¥!One or both of these assumptions must 
be wrongÉ!! 
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¥!Conclusion: ρoutvout⋅2δ ~ ρ2v2⋅L , at least to within a factor of 2 !

ρoutvout⋅2δ = ρ2v2⋅L




¥!Predicted vout is too big!

¥!This is the source of the overestimate of E in the C-S model


C-S Predicted vout!

Measured vout


Ein  (mV/m) !



Why is Predicted vout is too big?!

¥!Consider the relation!

! 

vout ~
L
2"

v2
controlled by!
solar wind conditions!

controlled by grid scale!

Smaller than CS !

 ??!

Does the layer length L vary? !
And if so, what controls it? !



The current layer length can vary by a factor of 10!

¥!What controls this?!



J=µ0"! B


Large magnetopause 
radius of curvature!

Small magnetopause 
radius of curvature!

Magnetopause Curvature!



Magnetopause Curvature!

¥!Magnetopause curvature sets layer length L!

¥!Thus L is also controlled mostly by boundary    
conditions (SW conditions)!

Small vsw, BIMF!

Large vsw, BIMF!



So, why is the predicted vout is too big?!

 Hypothesis: reducing the grid scale might increase the 
outßow speedÉ!

        so we increased the resolution from (1/4 RE)2 to 
(1/8 R E)2 in XZ plane (out of plane resolution 
remained Þxed at 1/4 RE)É !

! 

vout ~
L
2"

v2

Boundary conditions!

Grid scale!

Smaller than CS!



¥!Basically the same relation as before (0.53 vs. 0.46 previously)!

¥!Thus the solar wind scaling (so far) appears independent of the 
grid resolution!

Ein = 0.53Esw!

Ein = Esw!

Esw  (mV/m)  !

 Ein!



¥!Prediction has gotten better  (0.35 vs. 0.19)!

Ein = 0.35ECS!

Ein = ECS!

  Ein!

  ECS  (mV/m)!



¥!simulations now have faster outßow but itÕs not clear that the velocity 
scales as the C-S theory would predict!

¥!Still under investigationÉ!

C-S Predicted vout!

Measured vout


    Ein  (mV/m)!



Conclusions!

¥!Subsolar reconnection rate is driven by solar 
wind electric Þeld!

¥!Current layer length depends on magnetopause 
curvature!

¥!Thus far, Cassak-Shay formula overestimates the 
reconnection electric Þeld due to an overestimate 
of the outßow speed!

¥!In higher resolution simulations C-S scaling is 
better but the scaling of the outßow is still 
unclear!


