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Introduction

Introduction

We scrutinize a kinetic collisional point-sink model of dust particle or
spherical probe screnning, which described in papers:

@ A. V. Filippov, A. G. Zagorodny, A. F. Pal’, A. N. Starostin, A.
I. Momot, Kinetic Description of the Screening of the Charge of
Macroparticles in a Nonequilibrium Plasma, JETP Letters, v.86,
pp.761-766 (2007).

e A.V. Filippov, A.G. Zagorodny, A.I. Momot, A.F. Pal, A.N.
Starostin, Charge Screening in a Plasma with an External
Tonization Source, J. Exp. Theor. Phys., v.104, pp.147-161
(2007).

e A.V. Filippov, A.G. Zagorodny, A.I. Momot, A.F. Pal, A.N.
Starostin, Analysis of Macroparticle Charge Screening in a
Nonequilibrium Plasma Based on the Kinetic Collisional Point
Sink Model, J. Exp. Theor. Phys., v.125, pp.926-939 (2017).
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Kinetic Collisional Point Sink Model
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For stationary corrections to unperturbed distribution functions
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Kinetic Collisional Point Sink Model

After integration by Maxwell distribution functions

' €, Moo IS(T (k)
5Ny = / 5 (V) dv = —
Nex = Noy | 6,k (V) o T T fos (K) Nos

where integrals lpy (K) and g, (k) are defined as
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Fourier transform of potential
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After inverse Fourier transform
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OML

The OML approach

o Ya. L. Al'pert, A. V. Gurevich, and L. P. Pitaevskii, Space
Physics with Artificial Satellites (Plenum Press, New York,
1965).

Without absorbtion for electrons

Ne (r) = neoexp (—¢),

and with absorbtion

ne (r) = nzeo{1 + Erf (/o — ¢) +

[, a o — @ a

X
Here Erf(x) is the error function: Erf (x) = -2 f e~ dt, Erfc(x)
0

7'[

is the complementary error function: Erfc(X) =1 — Erf(x),

@(r) = —ep(r)/Te, po = —edo/ Te.



OML

Ton distribution i
Case 1. |ep(r)| ~1/r37%, 6 >0
Without absorbtion

(1) = mo| /2 + et (V269

and with absorbtion
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Note that in the case 1 at all distances
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OML

Case 2. |ep(r)| ~ 1/r?7% at small distances and
lep(r)| ~ 1/r?2+€ at large distances r (6 > 0, € > 0)
For this case without absorption

ni (r) = n [ezﬁ(/’Erfc (\/%) - /(r,OO)] .

where /(r, b) is defined by
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With ion absorption by probe in the case 2
1
ni(r)= 2n,-o{e25<”Erfc (x/Z,B(p) +
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Modified OML

2
1_ & 9o
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@ X.-Z. Tang and G. L. Delzanno, Orbital-motion-limited
theory of dust charging and plasma response. Phys.
Plasmas, v.21, 123708 (2014).

o T. Bystrenko and A. Zagorodny. Effects of bound states in

the screening of dust particles in plasmas. Phys. Lett. A,
v.299, 383 (2002).
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Numerical results

Argon, p =0.1 Pa, a=1um, E/N =1 Td, M =217
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At x — o0, g(X) = 2/x
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E/N=10"%Td
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Numerical results

Ar,a=1um, p=1Pa
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Numerical res
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Numerical results
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Cases 2 and 3.
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In the case 2, Cg =0



Numerical results

The ion sink to a dust particle with @ =1pum at p =1 Pa
a3 E/N=10"%Td E/N=1Td
Sj (case 1) Sj (case 2,3) | Sj (case 1) Sj (case 2,3)
He | 1.60-107 2.01-107 1.34-108 1.14-108
Ne | 830-10° 1.07-107 | 3.86-10®8  4.33-108
Ar | 6.25-10° 1.10-107 2.06-108 497-108
Kr | 458108 8.58-108 1.41-108 3.81-108
Xe | 3.79-10° 204-10° | 1.00-10®  3.33-108




Conclusions

‘ BriBoabr

o TIpubnmxkenne orpannvennsix opout (IIOO) B mHEPTHBIX Tazax
[IPUMEHHUMO TOJIBKO B IIpejieie HU3KKUX JABJIEHHI, a C POCTOM
JIaBJIEHUsT KYJIOHOBCKAsI aCUMIITOTUKA MTOTEHITHAIA,
[IPOTIOPIINOHAJIbHAS 9aCTOTEe CTOJKHOBEHUIT 9JIEKTPOHOB U MOHOB
¢ HeHTpaJIbHBIMU aToMaMu (MOJIEKYJIAMH), JeJIaeT
HEIPUMEHUMBIMEU (DOPMYJIbl TTPUOJIMKEHIST OIPAHUIEHHBIX OPOUT
JITsl pACIIPeJIeJIEHUsT NOHOB.

@ PacmpesesieHust 3J1eKTPOHOB U MOHOB, TIOJIyYeHHBIE B PAMKAX
CTOJIKHOBUTEJIbHON KMHETHYIECKON MOJIE/IN TOYETHBIX CTOKOB,
OKA3aJIMCh OJIM3KH K JINHEAPU3UPOBAHHBIM DACIIPEICICHISIM
Bosbimana. 9To MO3BOJISIET C/eJIaTh BBIBOJ, 9TO O0JIACTD
[IPUMEHUMOCTU CTOJIKHOBUTEIbHOM KUHETHIECKOU MOJIE/IN
TOYEYHBIX CTOKOB OJin3Ka K 00JIACTH IIPUMEHUMOCTH TEOPUH
Hebas-T'okkess.

Pabora Boimosnena npu nojepxkke PH®D, mpoekT Ne16-12-10424-11.

Bonee nogpo6uo cm. Pununmnos A.B. ZKOT®, 1.159(1), ¢.176-188 (2021)
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