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Introduction to the problem & assumptions'
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We assume

resistive MHD applies;

two-and-a-half-dimensional geometry, 0/0z = 0;

symmetries of reconnection layer with respect to the x- and y-axes;
large Lundquist number <> negligible resistivity outside the layer;
plasma incompressibility divV = 0;

quasi-stationarity <= small reconnection rate Vi /V4 < 1,
no plasma instabilities;

thin reconnection layer d,/L" < 1, equivalent to small reconnection rate
do/L" =~ Vg /Va < 1in case v S n, otherwise a stronger assumption.

We do NOT make assumptions about

functional form of resistivity, consider an arbitrary n = n(j,,z,y);
value of the guide field B.;

value of plasma viscosity (except assumptions already made above).
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2.5D assumption, 3/0z =0 —

OA)dt = —E, = V,B, — V,By — nj..

Quasi-stationarity assumption, 0/0t =0 —

0B, 0. B, = 0By~ 0,
= —[rotE], = Y —> FE, =~ const in space.
ot OyE. = —9,B, ~ 0

Incompressibility assumption —

0.V, + 9,V = 0.




Unknowns are jg, g, Vg, (9yVy)o, and (8y Bz )o. Equa-
tions for them are:

B
jo = Tm; Ampere’s law (1)

nojo = —; [E. = constant (2)

(%) :%; incompressibilty  (3)
0

oy
ov,\° (OB
p(_;;) — (—y> jo: Bernoulli (4)
oy 0 oy 0
82
—— (VeBy — ByBx —njz) = 0; constant £, (5)
Y Y



52
52 (VeBy — ByBy — njz) = 0; constant E, (6)

Or, for n constant, this becomes

—2( + ( ) =0 (7
<3y>o<3y>o "0 Oy 0 "

Then with

82jz _ jO
oy= )y L

we get the Sweet Parker result.
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Sweet-Parker classical model'

Constant resistivity 7 = const = 1,

We have the following equations:

(1) jz — (V X B)z = jo — (jz)o ~ Bm/(so

2) E,=const along x-axis = 1,jo ~ VrBm

(2)
(3) incompressibility = VgrL &~ V,,:9,
(4)

outflow acceleration =

- , 0oB,, B, B%,L
—Vo =~ ByjoL ~ L~—""=AP
g Vout ~ Dal °oL 4, 2

= Vout ~ VA EBm/\/ﬁ

4 equations and 4 parameters (jo, 0o, Vg, Vout)

= Vp~ \/no/VAL

Next consider the shaded infinitesimal region.

2L
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‘Local-equations approach to Sweet-Parker reconnection'

Constant resistivity 7 = const = 1, Y
e
T ocal : : : £ size § . By = (8yBx),y
ocal equations in region of size 0o, X y:  yg o YT '
(1) jo = (VX B). = jo= Bn/d, : . iB.
(2) E,=const along x = n,jo ~ VrBn, VRJ X
® s
(3) local incompressibility =- 0 M

Vry = Vy6o = (0, Vy)oydo = —(02Vz)o = (0yVy)o = Vr/o
y
(4) local outflow acceleration =- gVyQ = g[(ayVy)oy]z R /0 Byj.dy =
Y
- / (8’yB:c)oyjody — (ayBac)ojon/Q — p(ﬁyvy>g — (8?!B33>0j0
0

(5) new local E,=const along y-axis = 0;(VoBy — V,B, —1j.) =0 =
_2(8yvy)0(ayB$)O (82]2)0 ~ (8 V, ) (&yBa:)o + 2770j0/L2 =0

5 eqs. & 5 parameters [jo, 0o, VR, (OyVy)o, (0yBz)o] = Vi = Va/1o/VaL
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‘Reconnection with anomalous resistivity'

Anomalous resistivity 7 = n(j.,z,y):

e outflow acceleration equation is modified to include P + B?/2 and v;
e [/, =const along y-axis equation is modified to include 1 # const.

e final equations are

jo(@5.mo Bl 010 L2 odo 2B
o 10(02By)m ViBg, (02By)m’

VR ~ nojo/Bm < VA) 50 ~ Bm/jOa L? = _2Bm/(8§By)m

3+

Special cases (v = 0):
e 1) =const =1, = Sweet-Parker reconnection Vg /Va = \/1o/VaL;

e 1 =1(j,) and (dn/dj.)o > no/jo = Petschek-Kulsrud reconnection
.\ 11/3
= V/Va & [(Bu/VaL?)(dn/dj.)o]

o 12=-21,/(02n)o < L? = Vg/Va ~ \/1o/Val,

n
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‘Summary and major results'

A new theoretical approach for calculation of the reconnection rate is
based on local analytical derivations in a thin reconnection layer.

Able to calculate approximate reconnection rate for an arbitrary

anomalous resistivity and with few assumptions made.

A quasi-stationary reconnection rate is fully determined by a particular

functional form of the anomalous resistivity and by the local
configuration of the magnetic field just outside the reconnection layer.

Unforced (free) and forced reconnection is similar & are treated equally:
> unforced —— given outside field B,,, find reconnection velocity Vg;

> forced —— given Vg, field B,, gets piled up until equilibrium.
In case of constant resistivity reconnection is Sweet-Parker, not Petschek.

When resistivity is anomalous, then reconnection can be much faster

than the Sweet-Parker reconnection (simulations supported by CMRS).
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