Solitary Wavesin M agnetized
Plasma with Two Temperature
Electrons

O. R. Rufai', R. Bharuthram?, S. V. Singh2, and G. S. Lakhina?
1Dept.of Physics, University of the Western Cape, Bellville 7530, South-Africa.

2|ndian Institute of Geomagnetism, New Panvel(W), Navi Mumbai-410218, India.

SAIP — Conference, July,2012.

|

Solitary Waves in Magnetized Plasma with Two Temperature Electrons —p. 1



| ntroduction

-

S3-3 and Viking satellities have clearly indicated that the
solitary waves stuctures are frequently observed along
auroral magnetic field lines (Temerin et.al., 1982; Bostrom
et.al., 1988; Berthomier et. al., 1998). Ergun et.al., (1998)
reported the observation of large-amplitude
electromagnetic structures from Fast Auroral Snapshot
(FAST) satellite called “fast solitary waves”. Further
evidence of nonlinear solitary stuctures in the presence of
two electron components in the auroral plasma has been
provided by Berthomier et.al., 1998.

Various theoretical models have been developed to
describe the observed solitary wave structures at different
regions of Earth’s magnetosphere (for example,
Bharuthram et.al., 1986, Baluku et al., 2010).
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Sun Earth connection solar wind plasma
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ODbjectives

-

To formulate a model for satellite observations of
nonlinear structures observed along auroral magnetic
field lines of Earth’s magnetosphere.

To analytically and numerically solve the nonlinear
model for ion-acoustic solitary waves in a magnetized
two-temperature electron population.

To obtain the solitary wave structures using the
Sadgeev pseudo-potential technique .

To study the soliton structures as a function of plasma
parameters.

To relate the theoretical results to the actual satellite
measurements.
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For mulation

fWe consider a collisonless, magnetized plasma consisting T
of cold ions fluid and two distinct groups of electrons, a cool
component electrons (temperature 7.) and a hot component
electrons (temperature 7},). The density of the two electrons
species iIs given by the Boltzmann distribution.
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Modeal Formulation

-

® Cool Electrons

(1) Nc — NCO eXp (%)
® Hot Electrons
(2) Np, = Npgexp <%)
1y



M odel For mulation cont.,

-

Continuty Equation

# Magnetized Cold ions

ON;
ot

(3) + V(N;V;) = 0.

Momentum equation

8\/; —I—V@VVZL _ _6v¢ _|_€Vi X Bo.

ot m; m;c

(4)

o |

Solitary Waves in Magnetized Plasma with Two Temperature Electrons —p. 7



Normalization Terms

-

fDensities ne , ny are normalized with respect to the total
electron density N + Nyg = Ng, velocities V by
Cs = (T.;¢/mi)'/? the acoustic speed, distance x by
pi = cs/Q, time t by Q~1, where Q is the ion gyrofrequency
and potential ¢ by 7. /¢ /e. Here temperature ratio 7 = 1,./1},
cool density ratio f = N.o/Ny , where N;o = (j = ¢, h,i) are
the equilibrium densities, an effective temperature
Teff = Tc/(f -+ (1 — f)T), Qe = eff/Tm ap = Teff/Th;
Vv =ep/Terrand a=k;/k =sin, v =k,/k = cost (0 Is the
propagating angle between k = (&, 0, k£,) and By, in which
k = \/k§+k§)and N; = N¢ + Np .
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Nor malization Set of Equations

-

The equations in (1) - (4) are presented in normalized form

-

(5) ne = fexp(ac).
(6) np, = (1 — f)exp(ap)).
(7) 5+ V.(niv;).
0v; .
(8) N +v;Vu; = —VyY + v; X Z.
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Nor malization Set., cont.,

-

For ion motion in the (z, z) plane in (7)-(8) yield

on;  0O(njvy)  9A(n;v,)

®) o T o 0 0

10 %+ g%—v g v __(9_¢+U
10) ot "\ "ox " Foz) " T ox ¥
11 %+ (¥ g%—v g (¥ ——a—w—v
b ot “Or  C0z) Y Oy v
12 O + 2%— g v __0_10
(12) ot "\ "oz Foz) 7T 0z
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L ocalized Solution
-

Using transformation ¢ = (ax + vz — Mt)/M, where M is the
Mach number, to the stationary frame, equations (9)-(12)
becomes

-

(13) d%(L”ni) = 0.

(14) LU% = —a% + Mu,.
(15) LUCZZ_?? = —Mwv,.
(16) L, Cg}g = — %.

Lwhere Ly, =—M + avg + vy, J
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L ocalized Solution Cont.,
-

the system is closed with quasi-neutrality condition,

(17) n; = fexp(acy) + (1 — f)exp(ap?)

solving equations (13)-(17) with the appropriate boundary
conditions for solitary waves structures (namely, n; — 1,

v — 0, and dy/d¢ — 0 at £ — +o0), and eliminating v,, v,
and v,, we can reduce (13)-(17) to

2
(18) % (%) +V(y,M)=0

The “Energy integral” of an oscillating particle of unit mass,
with the velocity % and the position ¢ in a potential

- V(¥ M), o
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Sagdeev potential

1
[\/2 = — X .
v(wj ) |:1_M2 (acfeXp(aC¢)+ah(1_f) eXp(O‘hw))] 2
(f exp(actp)+(1—f) exp(ap1p))3

(31— mi)? = M2 = 320

+M2 (L (explac) - 1) + S explany) - 1)
2

h

L (exp(acyp) —1)+ =L (exp(anty)—1)
2 2 [ @ -
+M*y ( fexp(ac)+(1—f) exp(any)) )) '

_772 (aic(exp(acw) — 1) + uoj—f)(eXP(Oéhw) — 1))

(19)
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Soliton Char acteristics

-

The origin at ) = 0 defines the equilibrium state, which
represents a local maximun of the Sagdeev potential

V (¢, M). For solitary wave solutions of equation (18) to
exist, the following requirements must be satisfied:

-

o V(p,M) =LA —paty =0,

dQVd(qL@’M) =0 < 0, the function V (v, M) has a maximum

at the origin, and

® V(y,M)<0for0 < |y < m, Wwhere oy, Is the
maximum.

9o
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Results Cont.,
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Figure 1. The behavior of the Sagdeev potential
V(, M).
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Conclusions

-

A finite amplitude theory for nonlinear ion-acoustic
solitary waves in magnetized plasma is studied with
cold ions and two Boltzmann distributed electrons
species using the Sadgeev pseudpotential technigue.

The existence of Solitary waves with only a negative
potential have been shown.

As the Mach number M, density ratio f = n.o/npo,
temperature ratio - = 7,./T}, and the propagating angle 6
Increases the amplitude increases.

Our calculation provide good agreement with Viking
satellite observations. (The input parameter values
were taken from satellite data).
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