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The problem setup & assumptions'

Y We assume
B x e non-relativistic incompressible two-component
plasma that is composed of p™ and e~ ;
®| O e isotropic p™ and e~ pressure
Bz e 7) is constant and small, large Lundquist number;
5 e neglect viscosity;
y e 2-dimensional geometry, 0/0z = 0;
._L_i( e geometric symmetries of the layer;
n O Vy e quasi-stationarity, 0/0t ~ 0:
25 e quadrupole B,;
- -
21
1 T e for simplicity of presentation,
@ ® assume u”? < u® or j> neVv.
e
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Equations I

Equations of the motion of the e~ and p™:
nme|0qu® + (uV)u®| =—VP, — ne(E + u®xB) 4 nenj,
nmy 0P + (uPV)uP] =—VP, 4+ ne(E + u? xB) — nenj.

Express u® and u” in terms of j and V:

1 1
uw” =V and uv“=V - —jx —-——j Dbecause m, < m,.
ne ne

Obtain generalized Ohm’s law from the equation of e~ motion
neE = nenj + jxB — VP, + ned?0,j — d*(jV)j.

Obtain momentum equation from the equation of p™ motion
nmy [0,V + (VV)V] = =VP +j x B—d>(jV)j.

Maxwell equations
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Ampere’s Law z-component (at O-point):

jo — (jz>o ~

Beazt
0

‘ Equations (continue) I

2/

- -
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‘ Equations (continue) I

xz-component of the momentum equation (force balance across the layer):

(82,P)o =~ (07,B2/2)cat = —2B2

Yyy-—y ext

/L? <0

y-component of the momentum equation

(acceleration along the layer):

at the O-point, calculate 9/0y of
nmy(VV)Vy = =0y P + j. By — juB. — d2(§V)jy

2/

- -
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‘ Equations (continue) I

Faraday’s Law x- and y-components:
(VxE), =0,E, =-0B,/0t =0,
(VxE),=—-0,F,=-0B,/0t =0,

= FE, =~ constant in space
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‘ Equations (continue) I

Ohm’s Law z-component:

neEz = nen]z + ,]:cBy — ]yB:c — dg(jv)]z
— constant

e O-point:
Ez — njo

e [/, ~ const across the layer:

0>
WEZ ~ (0 at the pOiIlt O
X

e [, ~ const along the layer:

82
——F, =~ (0 at the point O
0y?

2/

-
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‘ Equations (continue) I

Faraday’s Law z-component:
Oy By — 0y B, = —0B,/0t = 0

at the O-point, calculate 0°/9xdy of
Oz By —O0yE, =0
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‘ Equations (summary) I

Ampere’s Law (z-): 1 equation

Momentum Equation (y-): 1 equation

Faraday’s and Ohm’s Laws (x-, y-, z-): 3 equations
5 unknowns: j,, 6, (0yVy)o, (0yBz), and (fﬁsz)o

Find reconnection rate: F, = nj,

B.. LV o
t’S:_A dp_ T de = i

Nz n e/ ey

Introduce V4 =

2A

- -
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‘ Solution I
E,A

S-P: E,=1/S"
Hall: E;=d,/L
€ inertia: E,=L/S°dd,
Hall +e™: E,=L/Sd.

>

1 &5=c 85-=ded, S=did,t S

e~ acceleration: dgjy(?yjy = —nelky, — 0,P. +nenj, + joBx.
pt acceleration: nm,V,0,V, = —0,P + j,B, — dj,0,],-
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Summary I

e The central result is that when electron inertia is included, there are two

branches of solutions for the reconnection rate — one slow and one fast.

e The slow rate is slow sub-Alfvenic, E5°Y < V4 B,y (assuming S > 1
and d, < L). The slow reconnection regime may correspond to “quiet”
periods of gradual accumulation of magnetic energy in an (astro)physical

system.

e The fast rate can be comparable to the Alfvenic rate V4 B, if 7 is
enhanced over Spitzer value by kinetic effects in the plasma. The fast
reconnection regime can correspond to a rapid release of the

accumulated magnetic energy.




