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Lecture 2.

EQUILIBRIUM CONFIGURATION OF FORCED
(ANISOTROPIC) CURRENT SHEETS

1. Introduction.
1. Isotropic and Anisotropic CS.
2. Experimental observations of thin CS in magnetosphere.

2. Kinetic properties of CS
1. Structure of the phase space
2. Nonadiabatic trajectories and structure of currents.
3. DIA — and PARAMAGNETIC currents in plasma.
4. Phase mixing and trapped population.

3. Equilibrium solutions in quasiadiabatic approximation
1. Limits of quasiadiabaticity
2. Plasma sources (mantle)
3. Basic equation and Liouville theorem
4. Grad-Shafranov equations for plasma equilibrium.
5. Limits of weak and strong anisotropies.
6. Nonadiabatic effects for superstrong anisotropy.
7. Scaling of CS thickness.

4. Influence of electric fields and Speiser acceleration.
1. Nonadiabatic acceleration. '
2. Thinning of CS

5. Trapped population and windows for the existence of
equilibrium solutions

6. Conclusions: Possible scenarios of Disruption



Formation of current sheet structure due to
interaction of the impinging plasma beams

Models of sheet

e Fastwood, [1972,1974]
First studies of structure;

Alexeev and Kropotkin, [1971]
Step-like field model;

o Francfort and Pellat, [1976]
Analytically: 1= p(v,/vp)*?;

s Pritchett and Coroniti, [1992]
Numerically: L= p(v,/vp)*?,

L= p(B,/B,)*? (6<b,).

e Burkhart et al., [1992]
Strong anisetropy 1~ (v, /vp)*?
catastrophy at k—1;

o Holland and Chen, [1993],
Harold, Chen, [1996]
Numerically: weak/strong

anisotropy, role of M, J p;

Ashour-Abdalla et al., [1994]

Estimate L~p for weak
anisotropy;

Kropotkin et al., [1997],
Analitically: L~ ¢g*3.

Related works

Speiser, [1965]
Nonadiabatic orbits;

Sonnerup, [1971]
Calculation of I,;

Rich et al., [1972]
Stress balance;

Cowley, [1978]
Effect of pressure anisotropy
on the equilibrium structure;

Lyons and Speiser, [1985]
Conductivity;
Chen and Palmadesso, [1986]
Buchner and Zelenyi, [1986]
Role of chaos; |

Zelenyi and Savenkov, [1993]
Estimate of Al for T,<<x;

Kaufmann et al., [1993-1998]
Taking into account trapped
particles;

Delcourt et al., [1993-199R8]
Centrifugally-drivern effects;
Hesse, Kusnezova et al., [1997-
1999]

The role of electron effects.



EXPERIMENT:

Existence of thm current sheets have been manifested in numerous experimental
data:
1. The thin current sheet 0.2 Rg thick is embedded inside a plasma sheet with a

thickness about several Rg:

e Sergeev, V.A., V. Angelopoulos, C. Carlson, and P. Sutcliffe,
Current sheet measurements within a flapping plasma sheet, J. Geophys.
Res., 103, 9177, 1998.

e Sanny, J., R.L. McPherron, C.T. Russell, D.N. Baker, T.1.
Pulkkinen, and A. Nishida, Growth phase thinning of the near-Earth
current sheet during the CDAW-6 substorm, J. Geophys. Res., 99, 5805,
1994.

2. Current sheets with a thickness about ion gyroradius (~400 km) are observed

in the near Earth tail during the growth and expansion substorm phases.
e Mitchell, D. etal. Geophys. Res. Lett., 17, 583, 1990.

pE A

e Sergeev, V.A., D.G. Mitchell, C.T. Russeli, and D.J.
Williams, Structure of the tail plasma/current sheet at 11 Re and its
changes in the course of a substorm, J. Geophys. Res., 98, 17345, 1993
e Pulkkinen, T. I, et al., In: Substorms 1, ESA-SP 335, Noordwijk, TheNetherlands, p. 131, 1992.

3. Thin current sheets are also observed in the distant tail (X>200 Re).
e Pulkkinenn, T.1., et al. Geophys. Res.Lett., 20, 2427,1993.
¢ Gosling, J.Geophys.Res., 90, 6354, 1985.

4. Tt was found that the thin current sheet is carried by cross tail quasi- adiabatic
10ns [Pulkkinen et al.,1992; Lui A., JGR,98, 423, 1993].
5. Inseveral experiments TCS are found to display the overshoot structure

overshoot
ISEE-3 MAGNETOMETER EC A
\21 JA 1983 83021 G MCOO DIN ATES
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Essential experimental
properties of CS:

small thickness,
anisotropy, embedding
structure, Sy 0
ions as carrier, presumably
overshoot structure.
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Fig. 9. Left: Current intensitics integrated over the current sheet thickness (in mA/m) in the ISEE 1 meridian a) in
the basic T89 model, and b) in the modified model of the Pulkkinen et al. (1991). Total current (solid line), tail
current (dotted line), and ring current (dashed line) are shown for both cases. The additional current sheet is shown
by dash-dotted line. Right: Field line projections to the ISEE 1 meridian computed using c¢) basic T89 model and d)
the modificd model. The region of chaotic electron motion for 1 keV electrons (see text) is shown hatched.

magnetic field by gradually increasing the cross-tail current,
thinning the current sheet, and adding another localized tail
current system with increasing intensity in the basic
Tsyganenko model. This gives a global growth phase field
model which compares favorably with measurements from
several spacecraft in the magnetotail. The modified, time-
dependent Tsyganenko model allows a systematic mapping of
auroral features recorded by the auroral imagers into the near-
tail region. These results, and a mapping study utilizing
auroral images from Viking and the Tsyganenko 1987 model
(Elphinstone et al., 1990), suggest that the auroral
brightenings correspond to regions of thinned and intensified
current $heet remarkably close to the Earth.

Specifically, Pulkkinen et al. {1991) include growth phase
effects for the event under study by varying the Tsyganenko
model parameters and by modification of the functional form of
the field components. The current sheet is thinned locally by
modification of the X and Y dependent function determining the

current sheet thickness in the model (see Pulkkinen 1991) with
the minimum thickness, location of the minimum thickness,
and size of the thinned region as free parameters. The cross-tail
current is intensified by enhancement of the model tail current
by a constant factor. However, because the tail current peaks
beyond 10 Rg, its enhancement cannot represent stretching of
the field in the near-Earth region between 6 and 10 Rg. In order
to further enhance stretching close to the Earth, a new thin
current sheet is added to the model. The form of the current
distribution is similar to the model ring current term, but the
peak intensity, location of current maximum, and the current
sheet thickness are set according to the observed degree of field
stretching.

A time-dependent model for the growth phase was constructed
by linearly varying the parameters describing the enhancement
of the currents during growth phase until substorm onset. The
field at the beginning of the growth phase is represented by the
unmodified Tsyganenko model using the highest level of
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Parameter of Adiabaticity

Reury

Quasiadiabatic approximation: %: E: =L L 1

(Ti ~ 5keV, L ~ 3000 km, Bn = 1nT, Bo=20nT, 2€:~Q4)

X - parameter of smallness

(opposite limit to the Guiding Center Theory: 2>1 )

Motion could be roughly separated on slow (x) and fast (z) parts

1 . d
Action for fast variable I 2 zé'?_’; Z 2

- natural invariant of motion (Speiser 1965, Sonnerup 1970, BZ 1989)

' ey (25~ %)
Iz - is conserved only appro¥imately -f“ /

QUASIADIBATIC APPROXIMATION ! 7, = cons+
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THE PARTIAL CURRENTS AND
MAGNETIC FIELDS OF THE TRAPPED
POPULATION

Partial current densities of transient and trapped populations
. &=10, k=1
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BASICS

Forced current sheet is formed by interaction
of impinging ion beams. Principal difference from

HARRIS equilibrium. ~T
Assumptions: \\"“ o
e 1D ( 9 _ o I /f,;“/
Ox Oy

e Jon dominated CS
e B,=const) (quasineutral sheet)

. ]
e Quasiadiabaticity /_ = oy {zdz = const
T
e Contibutions from the transient and trapped
orbits
e Phase mixing of trapped population

GRAD-SHAFRANOY description for self-
consistent equilibria

meandering

13
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<“«— Sources —»

=

FHE THHEORY OF THIN CURRENT

SHEETS (TCSs)

injected ions V4 E = {BX(Z),O, Bn }

B(z)=-B.(-z);

v e
C=v/vy) s the
measure of 1on
streaming;

1"/ 1s the thermal

velocity,

V7 1s the flow drift
velocity

Lquations of particle motion:

m?:e[ﬁxgj (1)

<.

= ° (v,B(z)-v,B,) (2)

mc

v, = v B(z)

Z
k mc

14



EXACT INTEGRALS OF MOTION:

2
_myy

1. Total energy- l‘/o == Ve = Vi + vi +v: (3)

2. Generalized momentum (96 =0)

mV, =mv, — —i— A, (x,2), Ay (x,z)=- (')[ B(z')dZ'+ B, x 4)

V4

z=.R./p, <<d = (0 )/w)>>1

— Motions could be decoupled

Therefore action integral of fast motion 7, is
conserved:

1

I, =—
27

z

<j mv_dz = const &)

Substituting (3) and (4) in (5) we receive

| 2 |
=2 \/vg—v§~(Vy—£Ay(x,z)j dz'=

Y mc (6)
2
m € S '
:57; \/vg —vi —(vy +~’7;E(Ay(x,z)—Ay()?,z ))j daz

15



CALCULATION of I,

Due to homogeneity of TCS along X direction we
have from (4)

A,(x,2) - A,(x,2') = zj'B(z')dz" (7)

Eq.(7) does not depend explicitly on X.
Finally, expression for adiabatic invariant I, is:

4 z N2
Iz(z,v)=2”;§\/v§—v§ —(vy —;n%_[B(z")dz"] dz|  (8)

Limits of integration

22
<j' N jf ; limits of integration in (8) z;(z,v,,v,)

21

and z,(z, v,,v,) are determined accordingly to Eq.(8)

v, =0 | (9)
2 2
vg.—vi—(vy——e—J‘B(z")dz"J =0 (10)
mc ;.
J |
z; and z; are the solutions of the equation

21,2

. _‘
- jB(z")dz"z—vyiq/v§+v22
mc

16



' DISTRIBUTION FUNCTION

Distribution function of the injected ions (source) is
a shifted Maxwellian

YU R Y P S | s
j (\EVT) ; ;

14 14
T T

vy and v, are parallel and perpendicular components of
V along and across B:

Vi tVi=Ve (13)

Two examples of the source distribution
functions

[. e1=vri/vp <l (strong anisotropy),
2. ex=vi-/vpa>1 (weak anisotropy)

f |

17



'EXPRESSION FOR f(I;,v,)

In the region of strong |B| the I, can be easily calculated:

1, =7 v, dz
27
m 7 m v my?
~—v, [rdp=—v, L2z =—2
2r T 2r T o, @,
Therefore, nl
vi ~ =02 (14)
m
e 2 3
i)
ng m @1,
f( ) - CXp — ) - 2 e
( ”VT) vT my T

(15)
For |z|~L , where ‘E} is large, the motion is magnetized and

the adiabatic invariant I, is equivalent to the magnetic

m
moment Ll = 2VBL Therefore

1= (16)

z

However, during crossings of the neutral sheet (z=0) 1, is
approximately conserved, otherwise, L experiences strong
jumps.

18



af _

dt

LIOUVILLE’S THEOREM

Distribution function in phase space

F(plap29“°9PS9Q19Q29'"9 QSat)

A Z[q, af} 0

+p
d o ;55\ 0q; jﬁp]

7, *Vf+{E+1[va]}af SH{f}=0

ot m C ov

fl,....1,)= cons

19



APPLICATION OF THE LIOUVILLE
THEOREM TO 1D TCS MODEL

Vlasov-Maxwell system for one-dimensional TCS
4
B _ dme jf(z v, dv (19)
dz

We substitute in (19) the dlstrlbutlon function (16)
taking into account two independent integrals of
motion {vy, I,}:

f(z,%)= f(v,1,(2,7)) = const (20)

Introducing the new variables

0) 1 v
=Z 4/30 b B/BO, =V T,E;:-T— (21)
g vy & vy Vp
we obtain from (19):
2 ( 2 )
b & (v, W 1 ;
= W, eXpi=| 5 x=J——| —Jdw
AL (VAjn[  EXP ( 2213 EJ J

L ) (22)
where j is the dimensionless adiabatic invariant I,

2
j 21 \/Wg w2 -—(W —82/3 J‘b(érn)dé/nJ déﬂ
" d 23)

20



GRAD-SHAFRANOV EQUATION FOR
COLLISIONLESS PLASMA EQUILIBRIA

Using in (22) the new variable, i.e. vector potential

¢ ;
=g" | we obtain Grad-Shafranov

equation for plasma equilibrium

)
1/3
5 | 8s Y s Fopy@)+ Fo_ () ,(24)
b (m) = 7377 1
7 VA 1l + erf (¢ )
where
277+ ) ' d "
o= 48— @w, 4y —n)z—ir;
© ", bn")

F 1) = % [ Tab, T, v, T

A& =W
exp(—— 5‘2’3{[\/{,‘2 +w -1, —8‘2”3] +Ii}

Boundary condition:

b ( 77boundary) =] (25)

21



Undetermined parameter va/vp could be found from
boundary condition (25): |

XA 2~/2 c1/6

vy 2l er (67

(26)

X \/_[dn'(F(+)(77'9 Wx) + F(_)(U',Wx))

e o ekt o A8 At o s o ke e e

Simplified form of pressure balance along X axis
was found by Burkhart et al. (1992):

¢;WvMM_.WMéMMé;£L—g_2] -
A =11 27
Vp (:_F«@T1-+€%f(8"lij | 27

This is equivalent to marginal firehose stability
condition by Rich et al. (1972)

| ‘i‘ ij —PL = 8_0; (28)
| T

Here py; and p, are the parallel and perpendicular
components of the plasma pressure outside the
current sheet.

22



10

Equation for the pressure balance

Flux of momentum py out of the sheet is balanced with
the field line tension force F,. =(B,/47x)dB, /dz

This balance after integrating over the height of TCS

A A 3 A A A 3 A
J.vxvzf;'nd v+ vavzfoutd 4
vy <0 vy >0
where ” signifies the normalized variables (see Burkhart

etal., 1992) 9 =v/v,, B =B/ [4mmy? .

In the absence of scattering
/\ A 2
S ou ~ exp{-97 = (05 =95}, (29)

Converting to pitch angle, gyrophase coordinates and
integrating over phase on can obtain:

A2 A A A ,,2 2 A A
B = ledVldvjj Py —vi /2 [, (0, 0,) +
vy <0

Ivldedvll (VU - VJ2_ /[2) four (P 15¥y) = Py — Py

VII >O

Taking into account the incoming and outcoming
distribution functions (29) we find that

B2 o2 4 95 exp(—7p)
b I+erf(Vp) zl/?

23



11

s U '
[VA:(1+ ; exp[—ezlj”z

Jrl+erf(e™)

49))

COMPARISON OF THE PRESSURE BALANCE
CONDITIONS (analytical Eq.(26) and numerical
Eq. (27)).

BPY. . .
; & numerical solutions e

Va/vd

0.50 —

i 0.00 ERam T L T 1 ]

0.0 20 40 6.0 8.0 10.0
1 =iy
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Limit of strong anisotropy

8=vT/vD<<I
(s)
b (a)=""2 I( osh) d¢§d" J—%
(S)_ /
]+ J b( vn
a= fb(i)dé” g = eTEp
L

Limit of weak anisotropy

&=v/vp>>1

a=¢"a, Bla)=

,Bz(a):i [dPrexpl-r ){[ | —a]zyjda( 15;”))}

b(a)

Scaling of TCS
Lipy~ "3

(Francfort and Pellat, 1976)

Scaling
v g"ij +22 - (y- a+a)d L/pL~1
Ta Bla) (Ashour-Abdalla,
a = max{O,a'~ y-y +2 Zelenyi et al.,1994)
. , 72 1/3
o fmax{o,a—y+ yo+z7y 5 e g
1.0 T 10 e
Iy Va
0.8 — IR & 08 - €
] / —_—r || 4 05
0.6 ’ —— 0.25 064 [ _____ 1
L L 1 04 —
o [N -— 4
3 2
02 a3 02 10
CZZ/ (8 PO) §22/ PT
L e e L A 00 T I N D p
00 10 20 30, 40 50 60 00 10 20 30 40 50 60
g L3 :
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Scaling of TCS

E<<l - L zppg‘w =,0T€1/3

(Francfort and Pellat, 1976)

E>1: L~pr (Ashour-Abdalla, Zelenyi et al., 1994)

Pp=vp/Wg, Pr= v/

60.0 T T T 1 T T+
€ n N 010
e B S | ]
e (.28 80 = 2.0 N
s RE
0.5 0 -
2 — o
40.0 —
TR e 1 0 .
6.0 =t 15
(3 )8y e
> oy
- 7 - - 02 =t
3.0 =1 1.0 e~
T 00 e
20,0 —
0] —
20 — (18 e
_ 0 o]
0.0
! ! ' | T
0.0 1.0 2.0 3.0 4.0 5.0

g:z/pT




THE SELF-CONSISTENT TCS MAGNETIC FIELDS
AND CURRENTS AT DIFFERENT VALUES OF

PARAMETER &=V7/Vp

40.0 —

20.0 —

4.0 5.0
S
— o1
— 025
e 0.5
—_— 10
' | 1
4.0 5.0
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- PLASMA DENSITY PROFILES
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EMBEDDING of TCS into PLASMA SHEET
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THE UNIFIED PICTURE OF THIN ION CURRENT SHEET SCALING AT
DIFFERENT E.

Non- !

adiabat.  Quasi-adiabatic CS

CS . Alz << 1z

Alz>1z, .
£ S — —_——

L/Ry § ? strong weak

’é: ‘é anisotropy anisotropy
5

Bn/BO 1 g =Vt/Vd

Two kinds of thin ion sheets

1. Quasi-adiabatic CS (e>B,/B,)

2. Non-adiabatic CS (e<Bn/B0).

The analytical model works good in the quasi-adiabatic approximation
and doesn’t work in non-adiabatic case.

The thickness of PS and CS
The scaling of PS and CS is presented in this picture. o
e Weak anisotropy (¢>1). The role of diamagnetic currents - great.
The embedded structure is characteristic for the profiles of PS and CS.
The thickness of PS is about R; [Ashour Abdalla, Zelenyi et al., 1994].The
" thickness of CS is about 0.5R; due to opposite currents competition.

29



L{ni)(ced scheme of the selfconsistent CUrrent

Sheet thickness L(—B—ﬂ Ve
> W

L/Ro SURFACE aLege

IN

- e
W A MMM VA A VA WA A VAN WA WA YA
// U VL W W W WL . WA W A ¥ A WAL W W W W W

I/

| W= =
N 1 i} T T S Sy
bl
T
A
/

S
W W WL WL o YO W W W W . W, W, O WL W0 WL W W
LW . VA VA VAR W w5 W Wi WA e VA WA WA A
U YA WA % - 3 .
P W, W, . W U W WO AL N W A, . W W W .

L/Ro
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g i
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Current Sheet Acceleration
(Shabansky, 1971; Lyons and Speiser, 1982)

*

> convection —B,,(x) field

Nonadiabatic . .
‘ ‘ Quasi-adiabatic

acceleration

(current sheet)
acceleration

3 Vo
‘]Ar; ‘.w'* ""!
B x*?//
.. q} ~ 0 . - '..',.'
#

CEy

Vc =

B,

; delloifmann Teller frame - |Stationary frame

| o =W =2EAy  V=ve+v ]| [Av=2v, v, >>

Ay:‘zpn | W m, 5 ) 5

v cE. AW —E(2v,) =2myy,
L ) = e Y 2
P s Ve | . ‘

, Qn Bn - (Reflection from the Mo
z(vm =V, +V,.=V,) | moving with V(X))
AW Wout = 2mivc (X) ; . E2

; y

Bz<x>

Nonadiabatic energy gain : | (X) 2m C
v“thermal™ {

Problem: W -
*directed o Role of scattering

31



1l
ya

l/I////I/I/l/,’/'
i, I///l,’III
/ //////l//
/I///Il////’ /]

S
o 06
L=
2 o 4
0]
< =S
Ev=0.25
":':’:'3’:1{{{';;5,:,:,;'1///////////////////////////,'/
,”:'3'?::::,,,,,;;«;3:'/////////////////////////,7//
,""""55:‘:'5;,:;;;,;'0‘00,'//////////////////////,7////
f’"’fg::;,;{ﬂ.‘.‘o0/////////////////47//////
,"'«':,:«:,—,,;'o'.00.0“!////////////////’/////////
2 "'0‘0'0‘0""'//////////111717////////
%”Ii%%:@":‘o:’::'lllllllll’i 7
i XS 7
il "I"i"o"l'o"o:"t'o:'of",‘ ,
1 0_‘ ."'.l. ""'h"".-""{"l""' o7
0] "’/ il p
Q 0.6
- 0 4
0.2
00

7}
/I//I//IIIII/III/

.......

%
/I/III////

/) I/ /i
/II/II 1,
IIII/IIII/ 7/,
7 II///I/IIIIII//III/I
4 I/llllllllllllllll %
7 4y, 244, (7
ey,

a.’llll
74 IIIIIII 274
IIIIIIIIIIIII &

//////I////
lllllllll/// /////////// 7/
7 ///////////////I///

Y/ iy 7

32



Influence of TRAPPED population

F(D)

A
No transfer

T

k>1
=]

transient population
source: Plasma mantle

frapp

pd

A

k<l

v

Is

Transient (Speiser) orbits

Imax

source: LLBL

Initial distribution of the transient population:

(( )2 2 2

£=v,/vp-measure of source anisotropy
v, is the thermal velocity,
vp is the drift flow velocity

The initial distribution function of the trapped
particles g _ gexp(-v2/12)

Trapped orbits

I, =const

e Create cross-tail current

by competition of
dia- and para-magnetic effects

(Jy) %0

1. =const

e Redistribute cross-tail
current

<jy>:O
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INFLUENCE OF THE QUASI-TRAPPED ION
PoOPUIATION ON THE TCS EQUILIBRIUM

Trapped population changes:

ethe amplitude of the self-consistent B(z)

e spatial current structure
°decrease of Jg,at z~ L.
°smearing of Jyar, at z= 0
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Flickering of CS structure
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“WINDOW?” of SOLUTIONS

£=v7/Vp is the measure of ion streaming;

K is the measure of trapped population

20.0 —

18.0 —

16.0 —-1

140 —

12.0 —

K 100 —

8.0 —

6.0 —

4.0 —

2.0 —

0.0

A — Equilibrium solutions
B — Quasi-equilibrium (flickering) solutions
C — No solutions
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THE STRUCTURE OF BASIC EQUATIONS (1)-(4)

F functions are the contributions of partial currents along the positive and
negative Y-axis. '

1) The negative current ("diamagnetic"), is due to magnetization current
and ion drifts (gradient and centrifugal) in the non-uniform magnetic field, it is
created by non-crossing parts of particle orbits and directed along the negative
direction (Figure 4).

2)The positive current ("paramagnetic") is carried by meandering part of
ion orbits crossing the plane of magnetic field reversal.

In figure below the main constituents of the cross-tail current are illustrated:

A. Non-crossing region, where guiding center approximation could be applied.
Schematically are shown: Larmor rotation of particles and their gradient ,
curvature and magnetization drifts. Net current in this region is negative which
illustrates the natural diamagnetism of magnetized plasma.

B. Meandering region of non-guiding center motion. Positive paramagnetic
(edge) current is carried by meandering segments of the transit (Speiser) orbits.
Particles trapped within CS on specific meandering orbits carry the negative
current near the plane $z=0$ and positive current at the edges of their trapping
region. At the edges of CS partial compensation of paramagnetic current by
diamagnetic drift currents could occur

| non-crossing
region

B

meandering
region
Y ,
The segnient of trapped orbit The segment of meandering (transient or

in the negative Y direction trapped) orbit in the positive Y direction
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Harris equilibrinm,

ml(v, Vo) +(v, —u)? +v2)

fo] 5o eX
ch (Z/L) 2T,
Irle_*_]‘liv:()’ L: C VTI !7:
7T w \T,+T,

Bulk velocity (V) along B does not influence current sheet structure.

CBotani( - 1)

Vo é "
v —FXFT 662 -/
uj - B @ NG
& -
uj - diamagnetic drift velocity % 2

PROFILES of current and density COINCIDE

{x_ . (Z]{ : Bz"”o( T, +7;,)

L) 37

n(z) =

o (%)
— J
Jy(Z) = gejnj”j zg—z—'BXVplj' = ChTéz)

- diamagnetic current
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DIAMAGNETIC versus PARAMAGNETIC

current sheets
[E X i’;] C [ ] c [—> (—’ )i’;]
e DIAMAGNETIC o Guiding center particles: ANISOTROPIC
CURRENT CURRENT
h= B/’B} Non-adiabatic particles: PARAMAGNETIC
CURRENT

-1
Harris sheet. tns~, (az)

made from Diamagnetic currents (supported by LOCAL pressure
gradients)
Filamentation Kinking

FORCED CURRENT SHEETS
supported by paramagnetic currents

(due to pressure anisotropy)
could be more STABLE vs. TEARING/KINK MODES

Harris CS — Anisotropic CS
» Even infinitely small value of B, drastically changes the structure
of equilibrium.
e Meandering region becomes dynamically accessible from the lobes.

» Current sheet structure becomes dependent on v <> v, anisotropy.

 Existence of B,—0 transforms the properties of equilibrium solution
(even if B, does not explicitly enter the final equations)

40



CONCLUSIONS
1.We consider the class of self-consistent equilibriums
of thin current sheets (L<pg;) with magnetic tension

balanced by centrifugal force( BV)B.

2. CS structure is determined by the competition of
DIA- and PARAmagnetic effects

= The overshoot structure of the magnetic field

profile is characteristic for weak anisotropic TCS.

3. Flux of TRAPPED particles is a free parameter
which essentially control the structure of CS,
although <j,>1=0

4. TRAPPED population suppresses

* Paramagnetic current within CS
* Diamagnetic current of transient particles at the edges

of CS

4a. As a result steady solutions exist in a window of
parameters (g,k)

€ - measure of anisotropy, k - measure of the trapped
population

S. Trapped population occupies the well-defined
domains in the phase space which could be
identified by the in situ measurements of ion
distribution function f;(v) in the vicinity of the field
reversal.

6. There are many indications on the existence of the
Q\E\Q{amics (flickering) quasi-equilibriums.
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