Reconnection at the Dayside Magnetopause!
J. Ouellette, B. Rogers, J. Lyon, M. Wiltberger!
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¥Overview of reconnection at the dayside magnetopause!
In global MHD simulations (the LFM code)!

¥MFocus on understanding the simplest case: !
Southward IMF (Interplanetary Magnetic Field)!
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90; IMF angle!




45; IMF angle!




0j IMF angle (northward IMF)!
|

f
!
/
/|
N |
7 \
/ N
/ \
.
f
{




Dayside Reconnection Rate

Dayside Reconnection Rate Scaling SOUthward!
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Dayside Reconnection Rate Scaling
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Focus now on the physics of
the southward IMF case:!
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BIMF =5nT, Vg, = 200km/s BIMF = 5nT, Vg, = 800km/s
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To compare to 2D models of reconnection, use
out-of-plane E to measure reconnection rate!
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In 2D, E i1s How Much Flux is
Reconnected Per Unit Length

o L ——

| B dA =L - vdt
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vdt

¥!Flux passing L in dt Is:!
dd=B-dA=B-L-vdt =™ d®d/dt=v-B-L

¥!lIf E=0vB then|E = (d®/dt)/L!




Reconnection Electric Field Scaling
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0 2 4 6 8 10 12 14 16

E., (mvim)

¥Reconnection rate controlled by solar wind conditions!
¥Reconnection is slightly less efbcient for stronger driving!

¥What does the factor of 0.46 mean?!



Reduction of E rel3ects spreading of 3ow
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¥ If Bux is conserved: v. B.d. ~uv. B.d.]|

Sw— Sw"sw m-min-

¥!Since E=-v! B thisgives E_d._ ~E. d. SO

SW " Sw m--in

Thusifd, >d, ,thenE, <E_, !



The Cassak-Shay Modet!

P1 << Pr
¥!Developed by Paul Cassak B, >> b,
and Michael Shay in 2007! Louer Vou
¥!Asymmetric model based \/
on resistive MHD!
Region 1 = magnetosphere (Earth)! T
Region 2 = magnetosheath (Sun) ! _— s,
p; << p; and B; >>B,! 2L | Py
<= v

1. P. A. Cassak and M. A. Shay.

Scaling of asymmetric magnetic

reconnection: General theory and

collisional simulations. Phlysics of /\
Plasmas, 14:102114, 2007. —



Simplibed Derivation!  , __,

|
¥! Region 1 is the magnetosphere and ! B, >>B;

Region 2 is the magnetosheath! Pous> Vout

¥! Need equal magnetic Rux from both sides:! \/
E;, =v,B,=v,B,

so the magnetospheric inf3ow speed is!
v; = 0,(B,/B,)!

¥! Thus the magnetospheric mass 3ux is!

101 = P, 03(Bo/By)(04/ ) ‘

¥! For the magnetopause! 2L | pp P

(p;/0,) <<1,(B,/B;)<<l s0O p;v,;<<p, 7, & &
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¥! So in this situation, mass continuity dictates!

poutvothé ~ 0,0, L !
Bl most mass comes in from magnetosheath
and leaves through outf3ow jets! /\
—
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¥! Mass conservation:!
poutvout.Z(S ~ 0,0, L
¥! Solve forv,:!

— ”outvout 2#
Vo=,
, L
¥! This yields the reconnection rate:!
# N2
Ein n VZB2 _~ Bz out ™ out $
#, L

¥! We can also predict the outl3ow speed...!
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¥! Energy conservation requires!

pout’ vout

\Y

OUt

#B1 B2 &
out out(%z*z0 Vv +—V2()L
o 2,

&

¥! Becausev;B; ~ v,B,, the second term is
smaller by a factor of (B,/ B;) so!

Vout out outt%z,(‘:;gtBl V1()L v /{T()L

B, B,,
| - . - ZL p]) p2,
¥! Divide energy equation by mass equation to v, v,

get outl3ow speed!

H#
Voutd . " outV out&) /T () L

VOUt out ) 2* ) L

Vgut = BI?Z /\
Ho 2 —
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¥! Recap of main results:!

E, " Vv,B, ~ B, FouVou 29 YE 5
, L
;. BB,
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¥! How does this hold up in our
simulations?!
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Model Scaling
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¥! Cassak-Shay Formula overpredicts by a factor of 5!



Why Is predicted E too large?!

" 2#
¥ITo get Es=B-—2"Z-vB,  we made two

L
assumptions:!

B Continuity:!
poutvout.26 ~ 0,0, L!
- |
B Outl3ow Speed.;/2 8B,
o o>

¥!0ne or both of these assumptions must
be wrongE!



Mass Continuity
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26 ~ p,v,-L , at least to within a factor of 2 !



Outflow Velocities
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¥Predicted v, , Is too big!

¥This Is the source of the overestimate ofE in the C-S model



Why Is Predicted v, IS too big?!

¥IConsider the relation!
27

Smaller than CS'! L/

vy _, ~—v, < controlled by!
2 solar wind conditions!

controlled by grid scale!

——> Does the layer length L vary? !
And If so, what controls it? !



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

BIMF =1.25nT, Ve = 200km/s

BIMF =20nT, Vg = 400km/s

GSMZ (R

GSM X (R,)

¥I'\What controls this?!

2
J,, (fAMm?)



Magnetopause Curvature!
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Magnetopause Curvature!

Current Layer Variation
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¥Magnetopause curvature sets layer length L!

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



So, why Is the predicted v, , IS too big?!

Smaller than CS! Boundary conditions!
e Vour ~ %Vj?

“

Grid scale!

Hypothesis: reducing the grid scale might increase the
outRow speedE!

—> so we increased the resolution from (1/4 R.)? to
(1/8 R)? in XZ plane (out of plane resolution
remained bPxed at 1/4 Rp)E !



Reconnection Electric Field Scaling — High Resolution Sims
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¥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!



Model Scaling - High Resolution Sims
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¥Prediction has gotten better (0.35 vs. 0.19)!
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Outflow Velocities — High Resolution Sims
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¥simulations now have faster outBow but itOs not clear that the velocity
scales as the C-S theory would predict!

¥Btill under investigationE!



Conclusions!

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

¥!Current layer length depends on magnetopause
curvature!

¥!Thus far, Cassak-Shay formula overestimates the
reconnection electric beld due to an overestimate
of the outf3ow speed!

¥!In higher resolution simulations C-S scaling is
better but the scaling of the outf3ow is still
unclear!



