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Outline
[1 Introduction

— Amplitude Modulation: a rapid overview of notions and ideas;
— Relevance with space and laboratory plasmas;
— Intermezzo: Dusty Plasmas (or Complex Plasmas).

[1 The model: electrostatic wave description and formalism
— A pedagogical paradigm: lon—acoustic waves (IAWS);,
— Other examples: EAWSs, DAWS, ...

[1 The reductive perturbation (multiple scales) technique.
[1 Harmonic generation and Modulational Instability (Ml).
[1 Envelope excitations: theory and characteristics.

[1 Conclusions.
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1. Intro. The mechanism of wave amplitude modulation

The amplitude of a harmonic wave may vary in space and time:
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1. Intro. The mechanism of wave amplitude modulation

The amplitude of a

narmonic wave may vary in space and time:
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This modulation (due to nonlinearity) may be strong enough to

lead to wave collapse or ...
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1. Intro. The mechanism of wave amplitude modulation

The amplitude of a harmonic wave may vary in space and time:

A
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This modulation (due to nonlinearity) may be strong enough to

lead to wave collapse or to the formation of envelope solitons:
R L G|
' LUy .
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I\/Iodulated structures occur in the magnetosphere, .
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(from: [Ya. Alpert, Phys. Reports 339, 323 (2001)])
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..., In satellite (e g. CLUSTER FAST ..) observatlons
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Figure 2. Left: Wave form of broadband noise at base of
AKR source. The signal consists of highly coherent (nearly
monochromatic frequency of trapped wave) wave packets.
Reght: Frequency spectrum of broadband noise showing the
electron acoustic wave (at ~ 5 kHz) and total plasma fre-
quency (at ~ 12 kHz) peaks. The broad LF maximum near
300 Hz belongs to the ion acoustic wave spectrum participat-
ing in the 3 ms modulation of the electron acoustic waves.

(*) From: O. Santolik et al., JGR 108, 1278 (2003); R. Pottelette et al., GRL 26 2629 (1999).
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Modulational instability (Ml)  was observed in simulations,

e.g. early (1972) numerical experiments of EM cyclotron waves:

B8,(x), 18(x)i

x-Vgt

F16. 3. By(x) and | B(x)]| for case 4. Note the steepening of the
C WAVE, =

Fi6. 2. Spatial variation of the g
y component of the wave :
wavefront which leads to the collapse of
R g

magnetic field B,(x) (solid curve) and the magnitude of the
total field | B(x)| (thin curve) at different time of evolution for
cases 1 (left) and 2 (right). Note the harmonic generation in
| 8(x)| and the sudden collapse of the wa Y

[from: A. Hasegawa, PRA 1, 1746 (1970); Phys. Fluids 15, 870 (1972)].
Dusty and Space Plasma Physics Workshop (FSAW 2004)
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Spontaneous M|l has been observed in experiments,:

Modulational instability in a multi-component plasma 2
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Freure 5. Oscilloscope traces of the detected signal for different excitation voltages.
The probe was fixed at 14 cm from the grid. f, = 400 kHz and f,, = 50 kHz.

e.g. on ion acoustic waves

[from: Bailung and Nakamura, J. Plasma Phys. 50 (2), 231 (1993)].
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Questions to be addressed in this brief
presentation:

0 How can one describe the (slow) evolution
(modulation) of plasma waves’ amplitudes in space
and time?

www.tp4.rub.de/  ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)
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Questions to be addressed in this brief
presentation:

0 How can one describe the (slow) evolution
(modulation) of plasma waves’ amplitudes in space
and time?

0 Can Modulational Instability (Ml) of plasma modes
be predicted by a simple, tractable analytical model?
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Questions to be addressed in this brief
presentation:

0 How can one describe the (slow) evolution
(modulation) of plasma waves’ amplitudes in space
and time?

0 Can Modulational Instability (Ml) of plasma modes
be predicted by a simple, tractable analytical model?

0 Can envelope modulated localized structures (such
as those observed in space and laboratory plasmas)
be modeled by an exact theory?
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Questions to be addressed in this brief
presentation:

0 How can one describe the (slow) evolution
(modulation) of plasma waves’ amplitudes in space
and time?

0 Can Modulational Instability (Ml) of plasma modes
be predicted by a simple, tractable analytical model?

0 Can envelope modulated localized structures (such
as those observed in space and laboratory plasmas)
be modeled by an exact theory?

0 Focus: electrostatic waves; e.g. ion acoustic (l1A),
electron acoustic (EA), dust acoustic (DA) waves, ...

www.tp4.rub.de/ ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)



|. Kourakis & P. K. Shukla, Localized modulated electrostatic wavepackets in space and dusty plasmas 13

Intermezzo: DP — Dusty Plasmas (or Complex Plasmas ):
definition and characteristics of a focus issue

[1 Ingredients:
— electrons e (charge —e, mass m.,),
—ions :* (charge +Z;e, mass m;), and
— charged micro-particles = dust grains d (most often d™):
charge Q = &=Z4e ~ £(10° — 10%) e,
mass M ~ 10° My ~ 1013 m,,
radius r ~ 1072 um up to 10% um.

www.tp4.rub.de/  ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)



|. Kourakis & P. K. Shukla, Localized modulated electrostatic wavepackets in space and dusty plasmas 14

2. A generic ( single- ) fluid model for electrostatic waves.

The standard recipe involves the following ingredients:
— A dynamical constituent (particle species) o ;

www.tp4.rub.de/  ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)
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2. A generic ( single- ) fluid model for electrostatic waves.

The standard recipe involves the following ingredients:
— A dynamical constituent (particle species) o ;
— a neutralizing background of (one or several) species o/

(in a — presumably — known state).
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2. A generic ( single- ) fluid model for electrostatic waves.

The standard recipe involves the following ingredients:

— A dynamical constituent (particle species) o ;

— a neutralizing background of (one or several) species o/
(in a — presumably — known state).

Typical paradigm (cf. textbooks) to focus upon:
— lon acoustic waves (IAW): ions (o = 7) In a background of
thermalized electrons (o’ = €): n. = n, ge®®/KsTe,
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2. A generic ( single- ) fluid model for electrostatic waves.

The standard recipe involves the following ingredients:

— A dynamical constituent (particle species) o ;

— a neutralizing background of (one or several) species o/
(in a — presumably — known state).

Typical paradigm (cf. textbooks) to focus upon:
— lon acoustic waves (IAW): ions (o = 7) In a background of
thermalized electrons (o’ = €): n. = n, ge®®/KsTe,

The theory applies to a variety of other modes, including e.g.

— Electron acoustic waves (EAW): electrons (o« = e) In a
background of stationary ions (o’ = 7): n; = est.;

www.tp4.rub.de/  ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)
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2. A generic ( single- ) fluid model for electrostatic waves.

The standard recipe involves the following ingredients:

— A dynamical constituent (particle species) o ;

— a neutralizing background of (one or several) species o/
(in a — presumably — known state).

Typical paradigm (cf. textbooks) to focus upon:
— lon acoustic waves (IAW): ions (a = 7) In a background of
thermalized electrons (o' = €): n, = n. o e®/ E5Te,

The theory applies to a variety of other modes, including e.qg.

— Electron acoustic waves (EAW): electrons (o« = e) ina
background of stationary ions (o’ = 7): n; = est.;

— DAW: dust grains (a = d) against thermalized electrons and

" / 7Y = —Z.ed/KpnT:
www.tp4.rub.de/  ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)
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Fluid moment equations:

Density n,, (continuity) equation:
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Fluid moment equations:

Density n,, (continuity) equation:

%—I—V-(naua)zo

Mean velocity u, equation:

ou,,

4o
o-Vu, = —V O
ot it 7 My,

[(*) Cold fluid model]

www.tp4.rub.de/  ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)
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Fluid moment equations:

Density n,, (continuity) equation:

%—I—V-(naua):o

Mean velocity u, equation:

ou,

/s 1
AL SN ) B o
Ot mMa T aMNq

Vpa

[(*) Cold vs. Warm fluid model]
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Fluid moment equations:

Density n,, (continuity) equation:

%—I—V-(naua)zo

Mean velocity u, equation:

ou,

/s 1
AL SN ) B o
Ot mMa T aMNq

Vpa

Pressure p, equation: [(*) Cold vs. Warm fluid model]

OPa
%“I‘ua'vpa 7 _f}/pav'ua

[v = (f +2)/f = cp/cy: ratio of specific heats e.g. v = 3 for 1d, v = 2 for 2d, etc.].

www.tp4.rub.de/  ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)
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Fluid moment equations:

Density n,, (continuity) equation:

Oon,
W—FV'(HQUQ)—O

Mean velocity u, equation:

; / 1
e MU e Ll

ot My, Mg

Vpa

Pressure p, equation: [(*) Cold vs. Warm fluid model]

Ipa
%‘l‘ua VDo = —VPa V - Uq

The potential ® obeys Poisson’s eq.:
V2d = —4r Z Qo' Mo = 4dme(ne — Z;n; + ...)

//_a {O{/}

www.tp4.rub.de/  ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)
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Fluid moment equations:

Density n,, (continuity) equation:

Ong,
%%—V-(naua) ==
Mean velocity u, equation:
ou,, o 1
ey () S A [ Sl s VPa
ot M MaNq

Pressure p, equation: [(*) Cold vs. Warm fluid model]

Opq
—%—‘Fua vPa 3 —’VPQV'UQ

The potential & obeys Poisson’s eq.:
V20 = —4rx Z ot Nyl = 47T6( — Zin; + )

//_Oé {Oé/}

Hypothesis: Overall charge neutrality at equilibrium: g, n,0 = — Z{a,} Ao’ o/ -
www.tp4.rub.de/  ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)
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Reduced moment evolution equations:

Defining appropriate scales (see next slide) one obtains:

%‘FV'(%U):O,
ou
EﬂLu-Vu = —ngb—EVp,
Ip
E—Fu-Vp = —ypV -u,;

also,

Vi =¢—ap?+a ¢’ —sp8(n—1);

25

(1)

l.e. Poisson’s Eq. close to equilibrium: ¢ < 1; s = sgng, = +1.

- The dimensionless parameters «, o’ and § must be

determined exactly for any specific problem. They incorporate all

the essential dependence on the plasma parameters.

www.tp4.rub.de/ ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)
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We have defined the reduced (dimensionless) quantities:

- particle density: n = ny/nq 0;

- mean (fluid) velocity: u = [ma/(kgT:)]Y?u, = un/cy;
- dust pressure: p = pa/po = Pa/(Na,0kBTy);

- electric potential: ¢ = Z,e®/(kpT.) = |qa|®/(kpT,);
-v=(f+2)/f =Cp/Cy (for f degrees of freedom).

Also, time and space are scaled over:
- t9, €.9. the inverse DP plasma frequency

£

Wp,a = (47”104,0‘13/7”04) il

- 79 = C4lo, I.€. an effective Debye length

Ap.erf = (kpTy/mawy o)'2.

Finally, IS the

26
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3. Reductive Perturbation Technique

— 1st step. Define multiple scales (fast and slow) i.e. (in 2d)

Xol=rd X162, Xol= 1.
YO:ya Y1:€y7 Y2:62y7
T(): t, leét, TQZEQt,

27
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3. Reductive Perturbation Technique

— 1st step. Define multiple scales (fast and slow) i.e. (in 2d)

Xo=2z, X1=¢cx, Xo=¢€rx,
YO:ya Y1:€y7 Y2:€2y7
TO: t, leﬁt, T2:62t,

and modify operators appropriately:

il + € : 4+ €2 7
0x / 8X0 8X1 8X2
SN0 a8

S T e

il VA —|—€i—|—€2i—|—
875 8T0 6’T1 aTQ

_l_

28
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3. Reductive Perturbation Technique

— 1st step. Define multiple scales (fast and slow) i.e. (in 2d)

Xo=z, Xi=€x, Xo=¢éx,
Yol Y e e Y S o
To=1t, Ti=¢€t, Th=¢é1t,

— 2nd step. Expand near equilibrium:
Na R Na.0 + €N, 1 T g A e

U, ~0+e€euy 1+ o 1 B0 oAt
Pa = Pa,0 T €Pa,1 T 62]?04,2 + ...
dp~0+epy+ ey + ...

(Pao = naoksTy; € << 1I1s asmallness parameter).

www.tp4.rub.de/  ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)
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Reductive perturbation technigue  (continued)

— 3rd step. Project on Fourier space, I.e. consider Vm =1, 2, ...

o) = Z S(m) Ik Lo i) S(m)—I—QZ S( )COSl(k r — wt)

l=—m =¥

for Sy, = (M, {Uz.ms Uy.m }s Pms @), 1.€. €Ssentially:

ny = n(()l) i ﬁgl) cos @, N = ’n(()2> i ﬁ§2> cos 0 + ﬁg) cos 20, etc.

www.tp4.rub.de/  ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)
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Reductive perturbation technigue  (continued)

— 3rd step. Project on Fourier space, I.e. consider Vm =1, 2, ...

Z S(m) PIK Loy )7 S(m)—I—QZ S( )COSl(k r — wt)

l=—m =¥

for Sy, = (M, {Uz.ms Uy.m }s Pms @), 1.€. €Ssentially:
ny = né ) +n( )COSG, Ny = n(() ) +n( >cos6’+n( )00829, etc.

— 4rth step. Oblique modulation assumption:
the slow amplitudes gbl(m), etc. vary only along the z-axis:
S\ = S (x| j=1,2, ..
while the fast carrier phase § = k - r — wt IS now:
ko B Rl T W=k GO ol Tl

www.tp4.rub.de/  ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)
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First-order solution (  ~ €')
Substituting and isolating terms in m = 1, we obtain:

[0 The dispersion relation w = w(k):

2
2 2 k

o = wp,a ]‘CQ o k‘% o ’ythh kQ (2)

with kp = A5', where

47Tnoz Oq2 Hs kBToz i Toz g
wp,oz = ( m7 OC) ’ >\D,Oz 7 <4 2> y Uth — <_>
Qo TNa,04, me

[1 The solution(s) for the 1st—harmonic amplitudes (e.g. o qbgl)):

i 22 1 k k
Ay i e (1) (1)

g
(3)

www.tp4.rub.de/ ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)
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Second-order solution (  ~ €?)

[0 From m = 2,1 = 1, we obtain the relation:

Y oY
0 4
BTG ok )
where
— 9 = ¢{" is the potential correction (~ ¢1);
e agé’;) IS the group velocity along z;

— the wave’s envelope satisfies: ¢ = i (e(z — v,t)) = ¥(C).
[0 The solution, up to ~ €2, is of the form:
O~ ehcoslh + ¢ [ )l qb ) cos ) + ¢§2> COSQ@} e s

etc. (+ similar expressions for ng, s, u,, pg): — Harmonics!.

www.tp4.rub.de/ ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)
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Third-order solution ( ~ €?)

[1 Compatibility equation (from m = 3,[ = 1), In the form of:

0% 0N i
2—5;+P5<—2——1—Q]¢\ 1 =0.

l.e. a Nonlinear Schrodinger—type Equation (NLSE) .
] Variables: ¢ = e(x — v,t) and 7 = €% ¢;
[1 Dispersion coefficient P:

4 1 O0%w

N e
2 Ok2

1
5 w" (k) cos® o + w'(k)

[1 Nonlinearity coefficient Q): ...

34

(5)

(6)

A (lengthy!) function of k, angle o and T, T;, ... — (omitted).

www.tp4.rub.de/  ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)
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4. Modulational (in)stability analysis
[1 The NLSE admits the harmonic wave solution:
{d/r= zﬁeiQ“’E'ZT G
[ Perturb the amplitude by setting: ¢ = 1y + €)1 cos (k¢ — &7)

[1 We obtain the (perturbation) dispersion relation:
o? = P?k? </~€2 o 2%\121,0|2> : (7)

[ If PQ) < 0: the amplitude ) Is stable to external perturbations;

0 If PQ > 0: the amplitude ¢ is unstable for k < y/2%[11 |-

www.tp4.rub.de/ ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)
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Stability profile (IAW): Angle  « versus wavenumber £k
Typical values: Z; = +1 (hydrogen plasma), v = 2.
— lon-acoustic waves; cold (o = 0) vs. warm (o # 0) fluid:

PQ preoduct, mu = 1, =sigma = 0. PQ preduct, ma = 1, =sigma = 0.05

www.tp4.rub.de/ ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)



|. Kourakis & P. K. Shukla, Localized modulated electrostatic wavepackets in space and dusty plasmas 37

Stability profile (IAW): Angle  « versus wavenumber £k
Typical values: Z; = +1 (hydrogen plasma), v = 2.
— lon-acoustic waves; cold (o = 0) vs. warm (o # 0) fluid:

PQ product, mu = 1, sigma = 0. PQ preoduct, mu = 1, sigma = 0.05

0 1 2 3 4 o] 1 2 3 4

— Dust-ion acoustic waves, i.e. in the presence of negative dust (ngo/nio = 0.5):

PQ preduct, mu = 0.5, sigma = 0. FQ product, mu = 0.5, gigma = 0.05

0 1 2 3 4

o] 1 2 3

www.tp4.rub.de/ ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)
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Stability profile (IAW): Angle  « versus wavenumber £k
Typical values: Z; = +1 (hydrogen plasma), v = 2.
— lon-acoustic waves; cold (o = 0) vs. warm (o # 0) fluid:

PQ product, mu = 1, sigma = 0. PQ preoduct, mu = 1, sigma = 0.05

0 1 2 3 4 o] 1 2 3 4

— Dust-ion acoustic waves, i.e. in the presence of positive dust (nqo/nio = 0.5):

FQ preduct, mu = 1.5, =sigma = 0. PQ product, mu = 1.5, =sigma = 0.05

0 1 2 3 4

www.tp4.rub.de/ ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)
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Stability profile (IAW/EAW): Angle  « versus wavenumber £k
Typical values: Z; = +1 (hydrogen plasma), v = 2.
— lon acoustic waves, In the presence of 2 electron populations:

py product, nu 10044, ma=10 PO product, mm 10045, mu=10

1}
1 1.5 2 1] 0.5 1 1.5

— Electron acoustic waves (+ cold electrons):

B2

b ian (4]
3]

[ wn (4]

- wn
] wn

=]
=]

modulation angle @ (rad)

modulation angle § (rad)

[=] n
[=] n

L&) 0.5 1 1.5

Lk

Q a.5 1 1.5 2 2.5 3

wave number k /k, wave number k / k, ,
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Stability profile (DAW): Angle  « versus wavenumber £k
Typical values: Z4/Z; ~ 10°, T, /T; ~ 10, ngo/nio ~ 107°, v = 2.

— Negative dust: s = —1; cold (¢ = 0) vs. warm (o # 0) fluid:

PQ preoduct s=-1, =sigma=0 PQ product s=-1

www.tp4.rub.de/ ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)



|. Kourakis & P. K. Shukla, Localized modulated electrostatic wavepackets in space and dusty plasmas

Stability profile (DAW): Angle

o Versus wavenumber

Typical values: Z4/Z; ~ 10°, T./T; ~ 10, ngo/nio ~ 107°, v = 2.

— Negative dust: s = —1; cold (¢ = 0) vs. warm (o # 0) fluid:

PQ product s=-1, sigma=0

— The same plot for positive dust (s = +1):

PQ product ==+1, =igma=0

0.5

0

a 1 2 3 4
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PQ product s=-1

PQ product s=+1

0

o] 1 2 3 4

k
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5. Localized envelope excitations (solitons)

[J The NLSE:

ﬁ?ﬁ 32%0 2,
25; aCQ +QY|“ Y

accepts various soliton solutions: 1 = pe'®
the total electric potential is then: ¢ =~ e p cos(kr — wt + O)
where the amplitude p and phase correction © depend on (, 7
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5. Localized envelope excitations (solitons)

[0 The NLSE accepts various soliton solutions: ¢ = pe'® :
the total electric potential is then: ¢ ~ e p cos(kr — wt + O)
where the amplitude p and phase correction © depend on (, 7.

[1 Bright—type envelope soliton (pulse):

/4 (—vT gy
p=psech(*57T), 6= ®
=L, e A i
o i nl\ﬂ'5 "
This is a QOMVAVAUA@!\MUUL JUUUQ@‘”" T
propagating il %
(and oscillating)

localized pulse:
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Propagation of a bright envelope soliton (pulse)

1 1 1
0.75 0.75 0.75
0. 0.5 0.5
o.ﬁ' n 0.25 ﬂ n 0.25 ﬂ
1 f i i o o
=57 s 10 15 20 25 -5 SHOATYIeT 15 20 2s -5 s UUENYYIs T 20 25
-0.4 -0.25 -0.25
—0. ] -0.5 -0.5
-0.75 -0.75 -0.75
-1 -1 -1
1 1
0.75 0.75
0.5 0.5
0.25 ﬂ 0.25 ﬂ n
auﬂ n A nuﬂ fie
-5 5 10 YIR|IV 20 25 -5 5 10 15 {ITRIV 25
-0.25 -0.25
-0.5 -0.5
-0.75 -0.75
-1 -1
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Propagation of a bright envelope soliton (pulse)

1 1 1
0.75 0.75 0.75
0. 0.5 0.5
o.ﬁa n 0.25 ﬂ n 0.25 ﬂ
i f | fia 0 1\
=57 s 10 15 20 25 -5 STNEVY 1o 15 20 25 -5 s OUIEYYIs 20 25
-0.31 -0.25 -0.25
—0.3 -0.5 -0.5
-0.73 -0.75 -0.75
-1 -1 1
1 1
0.75 0.75
0.5 0.5
0.25 ﬂ 0.25 ﬂ
N ﬂﬁu N a
-5 5 o 'Y[uH|lV 20" 25 -5 5 10 15Uyl 2s
-0.25 -0.25
-0.5 -0.5
~0.75 -0.75
-1 -1

Cf. electrostatic plasma wave data from satellite observations:

F(t) - filter 80-125s
nT' -
o

0 et

-1 [

0 1 2 3 time (hra) 4

(from: [Ya. Alpert, Phys. Reports 339, 323 (2001)] )
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Propagation of a bright envelope soliton (continued...)

1r

1 1
0.8 0.8 0.8
0.6 0.6 0.6
0.4 0.4 0.4
0.2 0.2 0.2}
AR A N Al
-5 5 10 15 20 25 -5 5 15 20 25 -5 5 10 15 25
—0. -0.2 —p.2f
-0. -0.4 -0.4
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Propagation of a bright envelope soliton (continued...)

1 1 1r
0.8 0.8 0.8
0.6 0.6 0.6
0.4 0.4 0.4
0.2 0.2 0.2
Al i Ay
-5 5 10 15 20 25 -5 5 j 15 20 25 -5 5 10 15 1 25
-0 -0.2 -0.2
o.i -0.4 t -0.4 i
1 1
0-75 0.7 0.7
0.5 0/5 0
0{25 0.25 0.25
1 ~0.5 \\f/i// 1 -1 0.5 \itj>// 1 -1 \Qiii// \S_i/// 1
0.25 —§.25 —0/.25
-0.5 -0.5 £0.5
-0.75F ~-0.75} ~0.75}
-1 -1t -1
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Propagation of a bright envelope soliton (continued...)

1 1
0.75 0.7 0.7
0.5 0/5 0

0{25 0.25 0.25

-1 —0.5 \\f;i// 1 -1 0.5){ \{t:>// 1 -1 \qiii// \S;i/// 1

0.25} -p.25¢ ~0l.25}

-0.5¢F -0.5} Lo.5t

—0.75} -0.75} ~0.75}

-1t 1t -1t

Rem.: Time-dependent phase — breathing effect (at rest frame):
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Localized envelope excitations  (part 2)

[1 Dark—type envelope solution (hole soliton):

Ls L i,
oS [1 — sech? (C L/UT>] =S80, tzmh(C L/v T) :

AT ;
G /= e [vC <2v ZPQpl) ]

09 2|£|i
Q P1 1f
47 ﬂM"ﬂM M“M
This is a \ f
propagatlng S T TTTERD {\V \Jn ARIRNED T
localized hole U U
(zero density void): P
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Localized envelope excitations (part 3)

[1 Grey—type envelope solution (void soliton):

)
g 10 A ot o s P /
p = =£p3|1—a“sec T

i Pl
z 2’@’(1,02
This is a MH"HHL“M"“M
propagating M f
(non zero-density) AN w Gllsig
void: 11
PVTTEY Y
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6. Conclusions

[J Amplitude Modulation (due to carrier self-interaction) is an
Inherent feature of electrostatic (ES) plasma mode dynamics;

[1 ES waves may undergo spontaneous modulational instability;
this is an intrinsic feature of nonlinear dynamics, which ...

[I ... may lead to the formation of envelope localized structures
(envelope solitons), in account for energy localization
phenomena widely observed in space and laboratory.

[1 The RP analytical framework permits modeling of these
mechanisms in terms of intrinsic physical (plasma) parameters.
— a small step towards understanding
the nonlinear behaviour of Plasmas.
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Appendix: DP — Dusty Plasmas (or Complex Plasmas ):
definition and characteristics

[1 Ingredients:
— electrons e (charge —e, mass m.,),
—ions :* (charge +Z;e, mass m;), and
— charged micro-particles = dust grains d (most often d™):
charge Q = &=Z4e ~ £(10° — 10%) e,
mass M ~ 10° My ~ 1013 m,,
radius r ~ 1072 um up to 10% um.

53
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Origin: Where does the dust come from?
[1 Space: cosmic debris (silicates, graphite, amorphous carbon),
comet dust, man-made pollution (Shuttle exhaust, satellite
remnants), ...

[1 Atmosphere: extraterrestrial dust (meteorites): > 2 - 10* tons a
year (1)(*), atmospheric pollution, chemical aerosols, ...

[1 Fusion reactors: plasma-surface interaction, carbonaceous
particulates resulting from wall erosion-created debris
(graphite, CFCs: Carbon Fiber Composites, ...)

[1 Laboratory: (man-injected) melamine—formaldehyde
particulates (**) injected in rf or dc discharges,; 3d (= multiple
2d layers) or 1d (by appropriate experimental setting) crystals.

Sources: [P. K. Shukla & A. Mamun 2002], (*) [DeAngelis 1992], (**) [G. E. Morfill et al. 1998]
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Some unique features of the Physics of Dusty Plasmas:

[1 Complex plasmas are overall charge neutral; most (sometimes
all!) of the negative charge resides on the microparticles;

[1 The microparticles can be dynamically dominant: mass
density ~ 10? times higher than the neutral gas density and
~ 10° times higher than the ion density !

[] Studies in slow motion are possible due to high M i.e. low
(/M ratio (e.g. dust plasma frequency: w, 4 ~ 10 — 100 Hz);

[1 The (large) microparticles can be visualised individually and
studied at the kinetic level (with a digital camera!) — video;

[] Dust charge (@) # const.) Is now a dynamical variable,
associated to a new collisionless damping mechanism,;
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(...continued) More “heretical’ features are:
[ Important gravitational (compared to the electrostatic)

Interaction effects; gravito-plasma physics;
gravito-electrodynamics; Jeans-type (gravitational) plasma
Instabilities etc. [verneest PPCF 41 A445, 1999]

[1 Complex plasmas can be strongly coupled and exist in “liquid”
(1 < T < 170) and “crystalline” (I' > 170 [1kezi 1986]) States,
depending on the value of the effective coupling (plasma)
parameter T’;

< Epotential 2 Qz —r/Ap
Lepr = ~——e
8 Ekinetz’c by r1

(r: Inter-particle distance, 7. temperature, Ap: Debye length).

Cf.: Lecture given by Tito Mendonca (Sat. July 17, 2004).
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Dust laboratory experiments on Earth:

CCD video camera tDp view

macro lens

particles

grounded electrode

sheet of
laser light

shunt

circui
13.56 MHz
generator F;thﬂrild

- electrode ring cylindrical laser
matchin
@—m (copper) lens

sicde view

= £ Mot et af
Flasma Phys Confrol Fusion 44 (2002) B263

www.tp4.rub.de/  ~ioannis/conf/IKtalk2.pdf Dusty and Space Plasma Physics Workshop (FSAW 2004)



|. Kourakis & P. K. Shukla, Localized modulated electrostatic wavepackets in space and dusty plasmas 58

Earth experiments are
subject to gravity:
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Earth experiments are t gF
subject to gravity:

levitation in strong
sheath electric field

AVVRVRERRLARRRRAAY

Lower electrode

thus ...: Dust experiments in ISS (International Space Station)
PKE Nefedov

sheath , Telectrode

electrodel, bR sheath

Sergei K. void formed in the middle of discharge
Krikalev under microgravity conditions

(Online data from: Max Planck Instittt - CIPS).
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