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Coupling parameter
LU
T
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r<<l1 - gaseous medium
~1 - liquid
>>1 - glass, crystal

Examples of strongly coupled plasmas:
ionic crystals
dusty plasma

pure ion plasma
colloidal plasma

Problems:.
charging,
type of interaction,
confinement,
self-organisation,
phase transitions...



types of interaction

otential structure |medium
Coulomb liquid, one-
e bce component
Vi(r) = " (I'=180) |plasma
Yukawa liquid, colloidal
e’ bcc, fcc suspension,
Vir) = 7exp(—m’) dusty
plasma?
“Lennard-Jones”, phase dusty
e.g. coexistence |plasma?
V(r)=U, (9) b
y r
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Dusty plasma
Charging of a single grain

Vv s bsorbi
/ | zusggcéng

initiatlly: Q =0, J, ® 1,V >> WV

in equilibrium: Q@ <0;  J, = ],

OML theory:
. a@ | T [ew)
r)=—n e expl ———
Je( ) }"2 0 27[[’}’[ p ]-;

equilibrium surface potential:

o =—CT e, £=25 (M/m=1840; T =T)
charge: if a << ﬂD, than Q =daQ, < 10%e



Plasma response:

Q=a()Z
r

no particles inside these cones

n(r)= no[l - eqo(r)] - on’

4p?

5}11_0 :_-no a [1__2_622)
T

electrostatic potential of a single grain:

Ap(r) = 753 on

(1

s I">>1D
p(r)~q

lexp(——r—} r<Ai
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Inelastic collisions - 1.esage (1784)
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PLASMA-DUST CLOUD

éfzq-vaf 6f -—devc (v,2)n (r, L) f, +1(v)
ot or ma ]
¥(2) ?Iif_? &o__10 _1o "
o Vo MU maw MLl @r] :
VE = 4Tce(n,. ~n,—Zn,) .
where g
A=Sm fdvv[vc (v,2) + 7€ ZzLJf v) i
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Cold dust:

on,(1,r, 0
——(—at——z)- +V (ndVd) + 57 (J(Zmn,)=0

Vi \Z

nd( A/j%t—+ MVYV)V, + eZE- A+ J(Z)M%—Z-) =0

Steady state: 'V, =0

Charge balance:

HZom(Zr)=0 = n(Zr)= n, (% (Z- Z @), 4=
Momentum balance:

nd(eZE— A): 0

Srall absorption

PACAE fm(l— -?7“:(1) x)-o, (WA (F,V))

T rn,() r rn(r')
l — d d,.r -
v)=|d’ r,z_RﬁS@(VJL sty

R=[rxv/v

"'l', Vr <0 LV >0 B



Drag force.

A =B Jarr2y )
” 0

Density:

n, :no[l——j% —(o )% (r
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x(r)= J‘dr'r—ln
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Inside the cloud:

I* =
[3 a
/1
nd(l’)_ stm(r' ) Ly=ml
4nl” r




IJUSt crystal

(Pieper,Goree,Quinn. J. Vac. Sci. Technol. A 14, 519 (1996))
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Pure ion plasmas
Particle traps

B

V
§(r) = £ (2= ")

=
————

~

beam

Paul trap: B=0, V=V, cos(aut )
E(r,t) = E(r)cos(® )

r=r, +rcos(wt), §L=- ‘ -E(r)
mao,
v=v, tv;sin(@t); V= ° E(r)
mao,
av 1 e’
o — VU (r); U/(r)= E(r)
dt mp() (1) dmw, (r)
e2 VZ .
U, (r)~ mwz—[%(pz +42%)

0

Limitations: ¥ j<<L; “Temperature”= U D
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Penning trap: BA0, V=const

Single particle:

zZ(f)=z,cos(w t); @’ = :
( ) 0 ( I ) Il mLZ
x(t) = Rsin(w ,1);

¥(1) = Reos(w 1); w = Q + ~1—a)”

1 -,
trapping condition: Qz‘ >0,

Generally, V(r) < az® + ,02

Laser cooling:

laser
line fluorescenc
T line
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Shell structure of ion cloud

V(r)ecz' +p°

Diffusion

Smectic liquid
crystal

I'=140, N=100

(Dubin, O'Neil,1938)



i 4r

Energy estimations

M shells of radii Reach containing N.ions

M
W — Z [ 21 ma)z Riz N, (External energy)

+ -2 N? (Self energy of the i-th shell )

2 i-1
+—N Z N . (Energy of the i-th shell in
o the field of all inner shells)
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Generally, V(r) < az* + p2

=() a>ag,

Problems:

e Statistical description: microcanonical ensemble, no

thermodynamics, no ergodicity

e Laser cooling
. Classification of structures —no per

fect lattices




Colloidal suspensions

macroions counterions

size, a=10-2+10-6 cm; charge, 0=102+104¢
macroion potential ~1 V
temperature~0.03 eV

Direct interaction
*2 2 ali,

ze .
Vir)=- exp(—r/A,); =
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Inderect interaction

(Schram, Trigger, Contrib. Plasma Phys, 37 251 (1997))

partition integral:
1
Z =T, [ dr,...dr,, [ dR....dR, expl= AU +Ucy +Upai)]

1
= R dR,, expl—PU 12, Where

7, =, explAUee Vo) = PR

Ue = ZVCC(ri —rj)

i<j

Ua = ZVCM (r, — R,-)
if

UMM = ZVMM (Rr - RJ)

i<j

linear
theory

MD simulation
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<0 = ¢>0/4

Problems:

I. Dependence of the macrojon charge on the state of
surrounding plasma

2. Can nonlinear screening result in attaction?
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