Dispersion calculation for lower hybrid waves in the current sheet of
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INTRODUCTION A

Magnetic reconnection Is the topological rearrangement of
magnetic field lines resulting in the conversion of magnetic energy
Into particle kinetic and thermal energy. It plays an important
role in phenomenon like solar flares and aurora.

b

The Magnetic Reconnection Experiment (MRX) studies the
underlying physics of reconnection at the laboratory scale.

® @ Out-of-planc
Magnetic Field

""" > Ton Flow

""" > Electron Flow

....... Separatrix

——  Magnetic Field
Line

Electron
Diffusion Region

Ion Diffusion
Region

Figure 1. Two-fluid physics in the current sheet.
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Figure 2. Electric field fluctuations and density fluctuations
near the lower hybrid frequency correlate during reconnection
events with guide field both in the laboratory and in space.

The anomalous resistivity generated by these lower hybrid-
type waves may explain fast reconnection.

The dispersion and growth rates of obliquely
propagating electromagnetic waves are
calculated using local analysis to study why there
are lower hybrid-type waves In the current sheet
during reconnection with a guide field.
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>> 1) EQUILIBRIUM AND LINEARIZATION B

w Wil al) ¢ is the ratio of the phase velocity to the ion thermal
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Figure 6. (a) 4-pole approximation for plasma dispersion function,
Z.1?I (b) 2-pole approximation for Z’.I31 Here, {=x+iy~1 (y =0)
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Figure 7. (top) Dispersion relation and (bottom) growth rates

of wave modes during guide field reconnection when (a) a 2 <
(cold), (b) a = 100, and (¢c) a = 3 (warm), using typical MRX
plasma parameters.

FUTURE WORK

1. Try to solve the dispersion relation numerically
without using the J-pole approximation
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Figure 3. (a) Illustrations of the Pe TP
equilibrium state. lons are at rest | D — K41
while electrons drift toward positive x Do — K004 ] — D KVsinb s
direction, crossing magnetic field in o ‘ 3.+8 p. — ;e K" sinbcosd
the z direction. The resultant Lorentz . . 2 0
D, =i(f2 — KV sinb oo
force and electric field is balanced by w =il sinf) o o B.K"sinOcosf
; - . . . 3 KVEDEH D_—_,_— — KV cost —
pressure gradients in the y direction, D, = —K*sinfcos § — —— 2 (
which points towards the current 3 +8; D., =0
sheet center. (b) Definitions of E; and 3. K2sin 6 3 K2cos2f
E,- E, is same as E,.[!] Dy = —f(ﬂ 5T ) Dz = =KVsinh -5 —o—.
~N
WARM REGIME 1) EQUILIBRIUM AND LINEARIZATION
(a) }2 (mxtiy=t o @at @ L dZ 5= whena > 1
d = XTIy =7T7"= = — — —— an — — When a
Bo| B, kvi a)piviK K ( 2
I'IO 7
. 0€ / . 2 . 3 .
n=i—2=7(C)(k E— sk KZE, — ke E. = iwpgj,
L >< Mik2v? (C’)( Y
o
) . .
$ ; i X By = enyVy x B+ enyE + enk ‘ k“E), = iwpyjy
o] n0€2 1 / ~Av A T "
. i'=—im = [Z(OQE - ((Z'+ Z)(E - K)k E. + VoB, + ik, =% 2 = 0
X EO l e n()
+i(e Z)E, K] '
Q=80Q" a=3 §=70° ¢=70° where
Re(Q) " 3.0
10| D.. — K*cos” (0) — vz ap ’_C sin (0) cos (¢) — ¢ (Z — (Z +Z'{) sin* (9))
- 107 D,, = i(—=KVsin(¢)cos (8) — KV sin (8) cos (¢) + Q)
y X 107 D. = —K? sin (0) cos (0) — VZ apic cos (¢p) cos (0) + ¢ (Z + Z’g‘,’) sin (6) cos (0)
1021} e ]
. KZ7' .
Figure 4. (a, b) Modified coordinate 0 ; 10 15 termorder = ), = i(KVsm (¢) cos () + 22 af.( sin’ (6’)—9)
system for reconnection events o e
with guide field. my e D= B .
10%} ERR D, = i(—KV sin (¢) sin (0) + > af . sin (0) cos (9))
Typical MRX plasma parameters | 0z .
BO = 250 G D.. = KV cos (¢)cos (0) — 5 f. sin (0) cos (6)
T,=T,=12¢eV 10 Dy =0
— 13 -3 4 /
n=2.5x10>cm 107 e termorder D_ = —KVsin (0)cos (¢p) — S azﬁe cos’ (@) + Q
2 4 6 8 10 12 14 - 2

Vo =2x 10" cm/s
¢ = 70°
6 =70°

0

Figure 5. The matrix equation yields a 15" order polynomial in Q, but it is physically justifiable
to focus on the 5 highest order terms (as in the cold limit) and neglect lower order terms.

2. Study the correlation between the density and
electric field fluctuations from these modes

3. Repeat the calculation for space parameters
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