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Experimental setup for generation of plasma

dust structures on the basis of
DC glow discharge

--------------
- -

T.S.Ramazanov, M.K.Dosbolayev e.a. // PPPT. 2006. vol.3, p.147
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Typical parameters

of dc discharge experiments

DC glow discharge:
e Background gas: Ar
e Gas pressures: 0.08~0.2 Torr.

@Cmm‘a
ﬂ.  Discharge current: 0.5~1.5 mA .

Anode Container with dust
@_ | " Visualization and registration:
 Laser with 2=3532 nm and P=1-250
mW

 CCD video camera at 25 fps.

Particles:
* AL,O; poly-disperse particles with
diameters 3-6 pm.
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Typical parameters

of rf discharge experiments

RF discharge:

* RF - generator with v=13.56 MHz
and P=0.3-10 W.

e Background gas: Ar
e Gas pressures: 0.05-2 Torr.
Visualization and registration:

e Laser with A=532 nm and P=1-250
mwW.

e CCD video camera at 25 fps.

Particles:

* AL, O; poly-disperse particles with
diameters 3-6 pm.
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DIAGNOSTIC PROBE

DC glow discharge: Probe:
Cylindrical glass tube with diameter - 300 mkm,
diameter 4.6 cm length - 4000 mkm Visualization and registration:
and interelectrod distance 55 cm ] i
Background gas: Ar Particle: Diode laser with 1=532 nm
Gas pressures: P=0.08-0.2 Torr  Al,O; polydisperse particles and P=1-200 mW
Discharge current: 1=0.5-1.5 mA  with diameters 3-6 mkm CCD video camera at 25 fps

NPP-2008, Moscow



NPP-2008, Moscow




BASIC EQUATIONS

2 2
Equation of motion of dust particle d-r _ eZ, dU (r) n 2K, p ’
dt’? M, dr M,r’

1/2
4o p (2K,
The Poisson equation dt  r?{ M, ) °

AU (r) = —4ze[n,(r) - n,(r)]
l v

1 .| Ey,, +eu(r) e .
e U (r) ni=no{l—;arcsmT[EonJreU(r)} } ifr>r,
n,=n,exp| -
kTe n . r[E ﬁLeU(r)T2 .
n, = —2arcsin | =2° ' if r<r,.
T r{ E,, +euU(r)
dz,
Charge of the dust particle near probe dt = Z | K
k
k=L, yeln g ere, -8
Dimensionless parameters: r’ T, kT, KT,
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COMPUTER SIMULATIONS

n/nO

10 15 20 25

(-RO)r, (r-R I,
Distribution of electrons and ions Charge of dust particle versus the
densities near cylindrical probe distance from probe

Numerical calculations were performed for dust particle with 1.5 mkm in radius,
mass equals 1.7 -10-10 g, and Ar plasma (mi=6.63 -10-23 g) at electrons energy 5 eV, ions
temperature equal the room temperature (Ti/Te=0.0069), the Debye radius rd=0.006 cm.
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COMPUTER SIMULATION & EXPERIMENT
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Trajectories of dust particle at different initial kinetic energies and impact
parameters. Comparison of numerical (a) and experimental (b) results.

1) p/Rp=1.7; gd = 32500; 2) p/Rp=3; gd = 25000 ;

T.S. Ramazanov, S.K.Kodanova, O.F. Petrov e.a. // J.Phys. A: Math. Gen., 2008. Vol. 41 (in press).
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COMPUTER SIMULATION & EXPERIMENT
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Trajectories of dust particle at different initial kinetic energies and impact
parameters. Comparison of numerical (a) and experimental (b) results.

1) p/Rp=3; gd =29000; 2) p/Rp=4.5; gd = 33430 ;

T.S. Ramazanov, S.K.Kodanova, O.F. Petrov e.a. // J.Phys. A: Math. Gen., 2008. Vol. 41 (in press).
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BbIBOObI (YacTb 1)
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» OKCMEPUMEHTaNbHO WUCCEeAOBaHO [OBWXEHME MPOOHbIX MbIIMHOK
BONM3n 3oHaa. OOHapyXeHOo, 4YTO 4YacTuubl nNpuU  onpedeneHHbIX
napamMeTpax CoBepLlaloT BpallaTeribHoe ABMKEHUE BOKPYr 30HAA, YTO
ObINI0 00bACHEHO cneagywwmum o6pa3oM: MbifIMHKA, W3HaYanbHO
MMeBLLUAsA TOT Xe 3HaK 3apsga, YTo U 30H4, BOMM3M  30HAOA
nepesapshkaeTcd MNOTOKOM WOHOB, npeobnagarowmmMm Hag MNOTOKOM
9NEKTPOHOB.

> BbINonHeHbl TeopeTnyeckme pacdeTbl 3apaga NbIIMHKA BONU3K 30HAa,
pacnpegeneHns noTeHuMana 30HOa, TPaekTopuu MbINIMHKKM B Mose
3oHOa. [lokasaHO xopollee corflacue  dKCrepuMeHTanbHbIX U

paCyeTHbIX OaHHbIX.

» [lonyyeHHble AaHHble MOryT ObiTb MCMOSb30BaHbl B AalibHENLIMX
paboTax no pa3paboTke METOANK ANArHOCTUKU NbINEBOU MNa3Mbl.
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Interaction Potential for Dust Particles

reconstructed from the Experimental Data

The Poisson equation

Ag(r) = —4zxe[n, (r) —n, (r) = Z,n, ()]

Boundary conditions

A A 4

Yukawa Coulomb
Z e)° (Z,e)?
w‘l’—)l’ - ( : ) eXp(_r/rD) P r—rn =
0 ro ro
ol =0 2., =0

T.S.Ramazanov, Yu.A.Omarbakiyeva e.a. // Phys.Letters A. 2008, (in press)
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Data from experiments

Table 1. Data from the experiment=s with dusty plasma in DO discharge

Experiment [Dn=charge Buffer plasma Dust particles Dimension-
Mo, parameters parametors parameters less
parameters
1 F = 0152 forr T, =005V by = Emkm I' = 121

I =0002mA | ne = 2096 . 10" om~? Fa=21.104 k=174
Lr— 14300 om~?
2 F=u01%z0crr T, = nE % : Fio=— Fmem ['=2307
F =077 5mA | ngp=21- 10" om—? Sa=21-14 k =267
gy — 3040 om 3
3 F=1011forr T: =005V by = Himem [' = G550
If=18mA e = 2.4 - 10" o Fyg=21-104 ko= 1.60
gy = 10712 om~?
4 F =013 forr T; =005V by = Bmkm ' = 40.67
I =144mA fen = 2.4 - 1009 o3 Zg=21-104 k=144
a0 — 20005 om—F

1. T.S. Ramazanov, K. N.Dzhumagulova, A. N.Zhumabekov e.a. // Physics of Plasmas, 2008, Vol. 15, No.5, p. 053704
2. G.L.Sukhinin, T.S.Ramazanov e.a. // J.Phys. D: Applied Physics. 2008, vol.41, no.22.
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Experiment No.1
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Effective interaction potential

for dusty particles 'f
Experiment No.1
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Effective interaction potential

E%Z!HHIED

for dusty particles

Experiment No.2
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Effective interaction potential

for dusty particles

Experiment No.3 1
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Effective interaction potential

for dusty particles

Experiment No.4 1
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BbIBOObI (YacTb 2)

» Ha ocHoBe 4ncneHHoro pewleHnsa ypasHeHua [lyaccoHa c
MCMONb30BaAHNEM 3KCNepUMeEHTalbHbIX KOPPEeNALUUOHHbIX
dYHKUMU nofydeHbl 3PdEKTUBHbIE MapHble MoTeHuuarnsbl
B3aMMOAENUCTBUA MNbINEBbLIX YacTuL, B Nfasme.

» [Nony4eHHbIN 3PP EKTUBHbLIN noteHuman nveert
OCLUMUNIINPYIOLWNN XapaKTep U nputaraTenbHYy YacTb.
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