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Dusty Plasmas (or Complex Plasmas): prerequisites

Plasma toy model:

— electrons e~ (charge —e, mass m.),

— jons i™ (charge 4Z;e, mass m;),
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Dusty Plasmas (or Complex Plasmas): prerequisites

Dusty Plasmas (DP):

— electrons e (charge —e, mass m.),
— lons i* (charge +Z;e, mass m;),

— charged particulates = dust grains d* (most often d~):
charge Q = sZze ~ £(10° — 10%) e, (s = £1)
mass M ~ 10”m,, ~ 10*° m,,
radius » ~ 1072 um up to 10? pm.
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Dusty Plasma physics: unique mesoscopic features

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

e The (large) microparticles can be visualised individually and
studied at the kinetic level (with a digital cameral);

e Contrary to weakly-coupled e — i plasmas (I' <« 1), Complex
Plasmas can be strongly coupled and exist in “liquid”
(1 < I < 170) and “crystalline” (I' > 170 [IxezI 1986]) States,
depending on the value of:

< Epotential > i %26_T/>\D

< Ekinetic > i kBT

Leps =

(r: inter-particle distance, T': temperature, Ap: Debye length, kg: Boltzmann’s constant).

— Dusty Plasma (Debye/Yukawa) Crystals!!! (DPCs)
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Dust Crystal experiments (1):

e |

dust dispenser
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e Theoretical prediction: 1986 [H. Ikezi, Phys. Fluids 29, 1764 (1986)];

e Experimental realization: 1994

[H. Thomas, A. Melzer et al. PRL 73, 652 (1994); Chu & Lin | J. Phys. D 27 296 (1994),
Hayashi & Tachibana, Jap. J. Appl. Phys. 33 L804 (1994)];
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Dust Crystal experiments (2):

Particles:
M elamine-Formaldetyde
diarneter: few LLm :
gon, krypton
iPa ... 100 Pai=1 mban

G e

[Source: H. Thomas, A. Melzer et al., PRL 1994].
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e Today, various experimental groups active worldwide:
G E Morfill (MPleP Garching, Germany), A Piel (Kiel,
Germany), A Melzer(Greitswald, Germany), J Goree (lowa,
US), V Fortov (Moscow, Russia), Lin | (Taiwan), S Viadimirov
(Sydney, AUS), S Takamura (Nagoya, Japan) ...

e Experiments aboard the International Space Station (ISS);

e Mesoscopic analog of micro-structures; research focus:
— phase transitions, crystallization processes,
— relaxation times, diffusion effects,
— phase space distribution (visually observable!),
— L & NL waves: harmonic generation, solitons, vortices, ...

e 3D, 2D (hexagonal, mostly), 1D lattice configurations possible
(— video).
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Looking into dusty plasmas
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1D DP crystal: Model Hamiltonian

iH" % Z (drn) Z Uz’nt(rnm) g (I)ewt(r’fl)

m=£n

Terms include:

— Kinetic energy;

meshed electrode  rectangular electrode

FIG, 10, Expr |CV.'|I F| a linear d chain abaov

— ®,.+(r,,) accounts for ‘external’ force fields: ™=="*" s
may account for confinement potentials
and/or sheath electric forces, i.e. I.jcain(z) = —42.

— Coupling: U;,«(rnm) is the interaction potential energy;

Q.: Nonlinearity: Origin: where from ?
Effect: which consequence(s) ?
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Nonlinearity in 1D DPCs: Where does it come from? (1)
— Sheath environment (anharmonic vertical potential):
1 1 1
O(z) ~ P(z) + §Mw§(5zn)2 + §Moa (62n)° + ZMﬂ (62n)*

cf. experiments [lvlev et al., PRL 85, 4060 (2000); Zafiu et al., PRE 63 066403 (2001)],
0zn = zn — 2(0); @, [3, w, are defined experimentally
w*

|l -.r“"'"‘-l-.‘
2 ‘,m.,.“w..r*
o Fa CEciar
oy 1 ‘ '
= futif
Figure 3: (a) Forces and (b) trapping potential profiles 72 ) as function of distance
from the electrode for: ng = 2% 108cm ™3 (solid line). ng = 3% 108em 3 (dashed line),
10 |« 10%¢m 3 (dotted line). The parameters are: P L6 mtorr., T [ &1,
Ti =Ty =005V, R=25 pm, py =15 gem >, gy = V. Source: Sorasio et al. (2002).
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Nonlinearity: Where from? (2)

— Interactions between grains: Electrostatic character
(e.g. repulsive, Debye), long-range (yet charge screened:

ro/Ap ~ 1), anharmonic; typically: Upcpye(r) = ;exp (—7r/AD).

Expanding U;,(rnm) = Uine(\/ (Azpm)? + (Azpim)?) near
equilibrium:

NGE Lopt! (51 13 e SV AP L 2SR of Xl =7 0 O [ s )
one obtains:

1 |
Unm(T) = §Mw%70(Axnm)2—|—§Mw%7o(Aznm)2

1 A 1
—|—§U30(A£Bnm)3 —|— Z’UJ4Q(AZIZ‘nm)4 —|— —|— ZUOZL(Aan)LL —I-
1 1
—|—§u12(Axnm)(Aznm)2 = ZU/QQ(Axnm)2(Aan)2 RELs.
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Nonlinearity: Where from? (3)

— Coupling among degrees of freedom induces nonlinearity:

anisotropic motion, not confined along principal axes (~ z, 2).

[cf. A. Ivlev et al., PRE 68, 066402 (2003); I. Kourakis & P. K. Shukla, Phys. Scr. (2004)]

11
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Discrete coupled equations of motion

d*(6x,)
dt?

—a9g [(5wn+1 = 5wn)2 — 0z, — 5a:n1)2} + asp [(5:1:n+1 = 5:1%)3 — (0, — 5:cn_1)3

e wS’L (0xpt1 + 0xp_1 — 20xy,)

+ an2 {(5271—%1 T, 5271)2 ir. (5271 Fy 5271—1)2
— a1 [(5£Un+1 — 0%y )(62nt1 — 5zn)2 — (0xy — 0xp_1) (02, — 5zn_1)2] ,

d*(6zy)
57 e wS,T (202, — 0211 — 02n—1) — ws F

R 2 e e Y A A e S ) AR STl 5zn1)3]
To

+ 2 ago [(5$n+1 —0xy,)(02ne1 — 02n) — (6 — 6p—1) (02, — (5zn_1)]

— a1s [(5:13n+1 — 5:Un)2(5zn+1 —dzy) — (6xy, — 5$n_1)2(52n — 5zn_1)] ;

12
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Discrete coupled equations of motion

d*(6x,)
dt?

—a9g [(5:cn+1 = 5xn)2 — 0z, — 53,’”1)2} + asp [(5:1:n+1 = 5:1:n)3 — 0z, — 5a:n_1)3

e wS’L (0xpt1 + 0xp_1 — 20xy,)

+ ap2 (6zn = T e i f 4 5Zn—1)2

—ai2 [(5513n+1 — 675)(02n41

dzijn) e wS,T (202, — 0211 — 02n—1) — ws g
— K1 (820)% — Ko (820)° “r—(f (82n 11 — 8z ¥=T02, — 5zn1)3]
W
— a9 _(5£Bn_|_1 — 6x,)% (82 = = 5xn_1)2(()zn — 5zn_1)_
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Continuum coupled equations of motion

02
o 2 Mo i) r A
v CL Ugpr — 1_2T0 Uprre —

3 4 74

4

— Q127 [(wa:)2 Uy + wawxmu:ﬁ] A 2 an2 7“3 Wy Wey

o/
. 2 Cptis
w _|_CTw:ca: ‘I_Erowxm:m: + W

2
g

W A==

2 3 3 2
— Kiw® — Kow” + 3apary (W) Wey

3 4
i 2 ao2 TO (uaz Wy 4+ Wy ua:x) — Q12 7“0
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Overview of existing results (— poster)
1. 1D: Transverse dust-lattice (TDL) motion (~ NL KG, inv. disp.):

— Envelope (NLS) solitons [IK & P K Shukla, Phys. Plasmas 11, 1384 (2004)]
— DBs (ILMS) [V. Koukouloyannis & IK, PRE 76, 016402 (2007)]

2. 1D: Longitudinal dust-lattice (LDL) motion) (~ FPU):

— Asymmetric envelope structures (coupled Oth/1st harmonics)
[IK & P K Shukla, Phys. Plasmas 11, 3665 (2004)]
— KdV vs. eKdV / Bq solitons [IK & PKS, Eur. Phys. J. D 29, 247 (2004)]

Rem.: experimentally observed (compressive case only)

3. 2D: In-plane (“LDL’) motion in hexagonal DP crystals:
T g Envelope structures [Farokhi, IK & PKS, Phys. Plasmas 13, 122304 (2006)]
4. 2D: Out-of-plane (TDL) motion in hexagonal DP crystals:

— DBs — Presentation by Vassilis Koukouloyannis.
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Future considerations & perspectives
1. LDL-DBs ? (~ FPU);
2. Damping (dissipative system), ion drag, wake potentials, ...
3. Mixed T-L Mode: coupled FPU-NLKG Egs. (ongoing work);
4. 2D hexagonal dust lattices: vortices ? (seen experimentally);

5. Experimental feedback:

- establish & pursue contacts,
- seek confirmation of results, ...

— Still a lot to be done ...
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— poster:
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