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Free ions in the particle field.



Distribution of free ions in a self-
consistent particle field-1.
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Distribution of free ions in a self-
consistent particle field-2.

Averaging over the Maxwell distribution function of ion energies
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The ion distribution in space
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Conclusion : Electrons do not contribute to the particle screening.



Coulomb interaction (no screening).
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R, is a dimension of the partlcle field region
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Criterion : |\|ORO3 << 7



Example of a gas discharge dusty plasma.

Ar,r =lpm, T=1eV, T, =400 K

Weak shielding : Z=-5-10% R, =210 um

The shielding charge q = # 47R2dR N,(R)

Criterion of weak shielding (q<< |Z|:
N <<5-10% cm



Trajectory of a trapped ion.




Parameters of ion capture by the
particle field.




Capture in an elliptic orbit.
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Conservation laws in ion capture by
the particle field.
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R is a point of resonant charge exchange, € is the atom energy

The energy conservation :
E=U(R)+& =Mv?,/2+U(r)+L?/(2Mr?)

The momentum conservation :
L=Mv_R=MvRsin0

sing = rmin\/‘E‘_l_U(R)_U(ro)
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0 isthe angle between vectors v and R.



Ion capture by the particle.
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Weak screening : \/
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The number density of trapped ions.

The balance equation :
NaaresNi I:%rvi — NaaresNtthr (1_ ptr)

The ratio of the number densities for trapped and free ions :
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The number density of trapped ions without particle field screening
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Example of a gas discharge dusty plasma.

Ar,r =lpm, T=1eV, T, =400 K

Weak shielding (q ~ 10eN, R */r,) :
Z=-5-10% R, =210 um

Criterion of weak shielding ( N, R,* /r, << |Z|)
N,<< 3-10°cm



Self-consistent field of particle and
free ions.
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Example of a gas discharge dusty
plasma for screening by free ions.

Ar, r,=lpm, T =1 eV, T, =400 K, N =1 -10"cm
Weak shielding : Z=-5-10% R, =|Z [/ T, =210 um
|
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For N,=1.10° cm? =108 #m and 99um



Self-consistent field of particle and
trapped ions.
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Example of a gas discharge dusty
plasma for screening by trapped ions.

Ar, r,=lpm, T =1 eV, T, =400 K,
N =1-10Y%m">
Weak shielding : Z=-5-10° R, =|Z| e/ T,=210 um

|
according to definition z(l) = 0 | =33um

N__ ~10"cm™



Peculiarities of particle screening.

The equilibrium particle charge Z is almost
Independent of the screening degree.

Therole of trapped ionsisthe higher, thelessis
the ion number density far from the particle.

These effects are stronger for a nonequilibrium
plasma T ,>>T,.



The similarity law.

Ifree_ const Itrap_ const
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The similarity law : N_r 2 =const

The contribution of free and trapped ions is identical
at N =7 10° cm™ for r =1um
and at N, =7 107 cm™ for r, =10pum

Trapped ions disappear at N, =10 * cm™ for
r,=lumandat N, =10° cm™ for r, =10um



The number density of free and trapped
ions 1.

Thefield dimension is determined by trapped ions::
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The number density of free and trapped
ions 2.

Thefield dimension isdetermined by freeions:
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Screening charge of ions.

Q=[4R°N,(RdR q= [47R°N, (R)dR

V1R,
The definition of particle field region!:Q+q=|Z]|
The part of screening dueto trapped ions: & = qQ
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Dlmensmn of reglon of the partlcle field
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The number density of free and trapped ions.
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Saturn rings.




E and F-rings of Saturn.

The source of E-ring is Enceladus, the source for F-ring of Saturn
are Prometheus and Pandora.

Solar wind N, ~ 0.1 cnt3, for Saturn rings
N, ~10-100 cnr3: N, ~30cm3, T, ~ 30eV

part

Under equilibrium conditions |Z|=2-10° , N, ~ 10 cm-3

Charge equilibrium conditions are violated for a
dusty plasma of Saturn rings.



Comet tail.

Solar wind N, ~ 0.1 cm , comet tails N, ~10° - 10 cm3, T, ~10* K



Thank you !
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