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Introduction: configuration

Sketch of the magnetotail current sheet Wavelength band:
and magnetic field lines. R <1<
Feature: two magnetic gradients .




Introduction: equilibrium

In equilibrium state
G_P: | B OB,
oz 4m = Ox

Displacement along the Z axis
yields the restoring force

= :_igz(an 8sz
z=0

 A4x Oz Ox
' 0°S
EOIu:fntlon of 22 _ _@2{52,
motion of the of
plasma element
5 1 OB, OB,
A plasma element in the center W, = 1 P
of the current sheet p 0z OX |




Introduction: (in)stability

m;>0
Oscillations

w; <0
Wave growth

a) Stable situation, minimum of the total pressure in the center
of the sheet, oscillations
b) Unstable situation, maximum of the total pressure,
exponential growth of initial perturbation




Analytical solution of Erkaev et al. [2007]

System of MHD equations

A% 1

p—+VP=—(B-V)B,

dt 4o

%—I?Jr(V-V)B:(B-V)V,

V-V =0, V-B=0.

Normalization

B
B, p, A&L, P =—,
47
B \
V,= t =V,/A

Janp ’

Simplifying assumptions
incompressibility

B=[ B,(z/4), 0, B,(x/L) ]
B_=tanh(z), B =a+bx

€= BZ(O)/BX max << 1
valid for Kan(1973)-like equilibrium

v=A/L<<1

e/v=(B,/b)/(B,/L) <<1

independence of perturbations on X




Analytical solution of Erkaev et al. [2007]

Dispersion curve of the kink mode 5 kA
(y = Im|w] - growth rate ) e = Oy




Generalization (Kub.): non-zero B, p=const

MHD System

4

Background magnetic
configuration:

B,=I[B,..B,,,B,.],

Ox>~=0y?

Cz, |z[<A,

p(a—v+(\7-V)17j=—VP+LVxl§x§,

Assume perturbations
to be ~exp[i(ky-wt)]

Normalization:

B L
B>—, L>o—, T>To,
B, JAY
B, -0 B
vV —> v : a)sz:|aZ 0x ax Oz|,
Ao, 4o

(X%,y,2) = (X,y,2)/A,  p = const.

B, = { B,,=a+bx; B, =const, C=const.

CA, |z[|>A.




Generalization (Kub.): non-zero B, p=const

Equation for the displacement:

52,§'Z+ | or+0 + k) o o o0&
0z > + kY2 7 ot
Ay

A2

Quantities & , O&_/ Ot are continuous across the sheet, fading toward the flanks.
For the sheet of the finite width (2A) the tractability condition yields

2

=tg(1),  kink
- = (k) = y:Im[a)]:k\/ s Vi

S kil K

=—ctg(A), sausage




Generalization (Art.): non-zero B, p#const

MHD System Initial Equilibrium
)% 1 [Kan, 1973, JGR; Birn et al., 1975, SSR;
P (E +V- VV) +VP = EB VB Lembege and Pellat, 1982, Phys. Fluids]
OB B=RB nh(z/L +B.(x,z
22 L V.VB=B.VV o(X)ta (x))e, +B.(x,z)e,

@f

%—‘;+V.vp=0, VB =0

§

Local approximation

B~ B, tanh(z /L, ) e, +B (x)e.+Be, L,~(L(x)), B.(x)~B.(x,z=0)

Perturbations and normalized variables
b =B /B, =~const
b.,V,,p i~ exp(iky — wt S
{ 19 1 '01} p(iky ) OB,/ 0x =vb = const
b=B/B,, r—)r/Leﬁ, p—>p/p(z=0), K:kLeﬁ‘

b = B, / B, = const
Q:a)Leﬁ/vA’ u:VI/VA’ VA:BO/\/47TP(Z:O) Vb]; >>b5, Vb;ban;f)




Generalization (Art): disp. relation with B, = 0

Equation for the u, velocity component (compressible plasma)
vb' 1 db, (2)
Q° p(z) dz
Erkaev et al., 2009, AnGeo

1 d du 5
= |+ K U(z)-1)=0, U(z)=
pdz(p dzj u. (U(2)-1) (2)
du./dz=0, z=0
u, ~exp(—Kz), z—>owo

Initial configuration of the p=cosh™(nz/L,),

magnetic field and plasma density: 5, =tanh(z/L,).

d’u du vb' cosh’
Equation for the u,;: y -=—2n tanh(nz) dz +K2uz( L (12) —lj =0
Z Z

Q° cosh’(z)

For n=0.4 solutions are found in
[Erkaev et al. 2009 AnGeo]. — >

We need the solution for n=1.




Generalization (Art.): B, effect

When B, =const is non-zero, equation for u, takes the form

ld( du. vb 1 db,(2)

i j+KuZ(U(Z)—1)=O, U(z):QZ Kl;z,p(z) o (*)

For incompressible plasma

d’u

=+ K’u, (U(z)-1)=0, U(z)= : Vb,
7

Q) — Kb’ cosh’(z)

For the kink mode (Erkaev et al., 2009, AnGeo)

2 B #0 2

0 W

Q= L @l =vb > Q:\/ —+bh°K”
1+ K 1+ K™

Current sheet is unstable when wf2<0
For the general case of

o, | Stabilization of the | compressible plasma with n=1
i ——b K" short-wavelength solutions of Eq. (*) are
1+K~ ~ bang obtained numerically for

different values of b_..




Background: Pritchett’s solution
[Pritchett and Coroniti, 2010, JGR]

cosh[ F'(x)z] 1
=1In TN ,— P = ECXP(_ony)JF Po

—




2D MHD simulation

Code frame of reference:
X=-X(GSM), Y=-Y(GSM), Z=17(GSM)

Box size
L =4,L =12
Resolutions

1. N x N, =41x481
2. N, xN, =81x961

Seed Courant
perturbation number
51/2 — exp(—zz) C= 01

s 2
oU=0
§)
d(oU) 0
Ox
>
8 X
0(oU) 0
OX
-6
oU=0

See details in [Korovinskiy et al, 2011, Adv. Sp. Res.; Korovinskiy et al., 2013, JGR]




2D linearized MHD simulations

2D:By=0.05
2 _2D:By=0.1
_2D:By=0.15
—2D:By:0.2

0.5 1




2D linearized MHD simulations + analytics (Kub.)

_2D:By:0
2D:By=0.05
_2D:By=0.1
_2D:By=0.15
_2D:By:0.2
y
An.1: B y=0.05
An.1: B y=0.1
An.1: B y=0.15

- -An.1: B =0.2
y




2D linearized MHD simulations + analytics (Art.)

_2D:By:0
2&3y=005
_2D:By=0.1
_2D:By=0.15
_2D:By:O.2
SE— LY 1 By=0
An.2: B =0.05

y

-=-=An2: B y=0.1

--=-An2: B y=0.15

- --An.2: B y=0.2




3D MHD simulation

Code frame of reference:
X=—X(GSM), Y=Z(GSM), Z=Y (GSM)

Box size
L =15, Ly =11.25, L,=22.5

Resolution

N, X Nyx N, =384 x 286 X 576

BC, relaxation procedure: [Korovinskiy et al., 2013, JGR]

BC in relaxation phase (2D in xy plane): a/ on { po,B_, p} =X}
fix the magnetic flux entering domain OB / r=0. V=0

In the main phase the same BC are applied at y-
boundaries, and the Earthward x-boundary

Free BC are imposed at the tailword
x-boundary: 5/ on { 0,B,V, p} =\

And at z-boundaries BC are periodic
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Relaxations, t=80
N <mf>x= 0.058




3D MHD simulation: initial perturbation

60

Vy(xayazpt — O) s 5 . 104ZSin(2ﬂ-mz + ml.Sj >

m=1

x%(tanh(x—Lx/4)+tanh(x—3Lx/4))><exp(_2yz)

Wavenumbers
k,=2mm/L,
covered are

0.28<k,<16.8

N
T
>

x=L /2
(CODE)

(

v

10
Z (CODE)




3D MHD simulation: B, = 0, V,(t)

V velocities: equatorial plane (left), x =L, /2 plane (right)

a)t=0 5x10_3 | . b)t=0

“I' | H T O T T N R R RN,

c) t=40.14 d) t =40.14
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3D MHD simulation: B, varies, V,(t)

Vy Left: equatorial plane, Right: x = const plane (where Vy peaks)

0.01 10

TR ] B L] [P

a) BI Z=0.0’ t= 4}01 4 —0.01 | , b) BI Z=0.0, t= 4:014

0

0.01 10

i LA A\

c) B _=0.05,t=53.23 SO d) B Z=O.05, t=153.23
iz . , : . :

0

e)B =0.1,t=1044 . f) BZ=0.1,t= 104.4

g)B _=0.2,t=200.3 \ h)B _=0.2,t=2003
sz L | | L

10 15 20 20
Z (code)




3D MHD simulation: B, =0, Vy(x,y,m)

time t=40.1373 time t=66.2437 time t=104.5162

Mode m=26




3D MHD simulation: B, =0, I(m)

100
t




3D MHD simulation: growth rates
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Conclusions

1. Hanuuune HeHyneBoW By KOMMNOHEHTbI YyMEHbLUAET UHKPEMEHT
HEeYyCTOMYMBOCTU, NOAABNAA KOPOTKOBO/IHOBbIE BO3MYLLUEHUSA;

2. AHanuntunyeckue BblpaxkeHna n asyxmepHoe Ml
MmoaenmpoBaHme aatoT 6/1M3KMe OLEHKU ANA ANCNEPCUMOHHOM
KPMBOW;

3. B TpexmepHOM moaennpoBaHMM KapTUHA Ka4eCTBEHHO Ta Xe,
HO 3aTyXaHMe HeYyCTOMYUBOCTU NponcxoanT npun 6oabLumnx
(npumepHoO B 4 pa3a) 3Ha4YeHMAX BOTHOBOrO BEKTOPA;

4. AuncnepCUOHHAA KpuBaAa Aabn-rpagueHT HeyCTOMUYUBOCTH
AEMOHCTPUpPYET HaiMuMe MaKCMMyMma Aarke npu Hynesom By;

5. MakcMmanbHOe 3HaYeHUue UHKpemMeHTa HeyCTOMYMBOCTMU
o4yeHb 6/1M3KO0 K ycpeaHEHHOM NO CN0K aHA/IMTUYECKOMU
oueHKe (coBnapaert ¢ pesyabratom B [Korovinskiy et al., 2013,
JGR]);

6. HeHyneBasa KomnoHeHTa By npuBoauT K nonapusaumm
BO3MYLUEeHUU B nnocKkoctu YZ.




