Quasi Neutralita — Debye Shielding

Per definizione...
...un plasma é un gas ionizzato globalmente neutro...
Descrizione fluida: ne/ni/ng, Te/Ti/Tg, E
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Scariche elettriche nei gas

Glow discharge
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Scariche elettriche nei gas

Glow discharge

Te/ng = cost => 7+ =ne, Z- = ne/ne? =>stable

& ' Qext = cost =>  JA, V=(6-QI)N, Kion

. Z, ~ne?(a<0), Z_~ne(a=0)

8/Q

Gas heating => TgA, ng\, E/N A, Kion/ ZJr ~ nea (a > 0)

2
Step-wise ionization => nxA, Kion/ Z,.~Nn-nyx (=n°)
(Maxwellization/At-Detachment)



Scariche elettriche nei gas

Glow discharge

Homogeneous plasma => inhomogeneous

Striation (longitudinal)
Contraction (transverse)




Scariche elettriche nei gas

Glow dischar

Striation

Step-wise ionization =>
ne A, nxA, Kion/

dEX .
ni —> - ni
>
ne E I] ne

Longitudinal: [El ~ Ex +/-dEy

Transverse inefficient: |E| ~ \/E2+dE2 ~ E. + idEy
' X y x5 =




Scariche elettriche nei gas

Glow dischar

Striation

Step-wise ionization => nxA, Kion/

dng [dt = kiNn. + 5 N ng — vgane , k= k(1) ,

dn®Jdt = k* Nne — kaN*ne —if N* |, k" = k*(T2) .
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J~cost => ne=a+bsin(kz) Longitudinal profile => propagatess



Scariche elettriche nei gas

Glow discharge

Contraction

Positive Column => Current Filament
Glow Discharge => Arc (Voltaic)
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Scariche elettriche nei gas

Glow discharge

Contraction due to Thermal Instability
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Longitudinal inefficient: | = cost => ne(x) = cost



Scariche elettriche nei gas
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Glow discharge

Contraction due to Thermal Instability

T = 50T Fows - e
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Moto di una carica in un plasma magnetizzato

In un campo magnetico uniforme in una direzione:

Frequenza di ciclotrone (o di girazione):

[ dv
Mm-—l= q(vyABy)=0 qB
W=
T m
dvyy _
— Mgt = qvauB vy = const

V1 = v, cos(w,t)
Vo, = v, sin(w,t)
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Instabilita di un plasma magnetizzato

Rayleigh-Taylor (gravitational) Flute structure




Instabilita di un plasma magnetizzato

Flute structure
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Turbolenza

4

8
Hydrodynamics: j
- Non-linear differential equations X
- Scale difference between energy
dissipation and energy input.
=> MHD turbulence ..
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9 A typical turbulent signal in a magnetized plasma
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Fluctuations: X =<X>+ i

Deterministic: Xp: oy —— 0, N——>

Turbulence: o0 - a#0



Turbolenza

Approccio analitico alle fluttuazioni ] 1 |
1x10'7—; M“‘M‘H M
FFT, power spectrum, Beall analysis i |
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Wave-wave interactions, bicoherence
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Cascade and inverse cascade
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Turbolenza

Approccio statistico alle fluttuazioni

()}t =nT => {f,}
frequency => PDF(f)

my = [ f“PDF(f)df

PDF, Non Gaussianity
a(T):j f(t)f(t+T)dt

[F(t)- f(t+T)H
P SF (Twait)’Twait :

PDF

f(t)>a, f(t+T)>a, f(t+T-1)<a

SPDF(g,)

Density signal at the edge of the device 'Mistral’
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Time correlations, Memory,
Structure Functions (intermittenza)

xpdata | yoder autocor-exp
—— power-law
0.8+ exponential I
c 06
8
=
8 04+
()
h—
S
8 o2
o
"5' 31 f;
tecccsseans adba,_ F : N sttt ecsmennacaces
< 00 et {4 \\{ Ly
Ll »
0.2
i s
.............



Turbolenza

Strutture spazio-temporali (coerenti) delle fluttuazioni

Trasporto convettivo delle fluttuazioni
Un campo elettrico E in un plasma magnetizzato a confinamento toroidale

Gli elettroni primari vengono
emessi da un filamento al centro
della camera e accelerati verso le
pareti da un campo elettrico
radiale.

Fluttuazioni di densita (uA)
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Esistera quindi
una rotazione X

macroscopica E
del plasma: .
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Turbolenza

Vortex structures

Un campo elettrico E fluttuante in un plasma magnetizzato a
confinamento toroidale, produce un campo di velocita le cui linee di
flusso coincidono con le linee equipotenziali del campo elettrico

Flux on potential =16 usec

Flux on potential  —160 usec : :
e




Turbolenza

Trasporto anomalo

Una separazione di carica in un plasma magnetizzato a confinamento
toroidale produce una deriva globale ExB verso |'esterno
( magnetic [grad(B)], centrifugal, diamagnetic [grad(P)], neutral drag)

Exp Mistral - Marseille
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Conditional sampling (analisi condizionale)

Reconstruction of the spatial and temporal correlations

3.0+
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Extraction of
time windows

10- for each scan position

Electron current
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Acquisition of two
simultaneous time series:
one at a fixed location (reference)
the other scanning the whole 2D section
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Conditional sampling: trigger events
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Esempio: eventi di flusso anomalo

Use a three-pin reference probe: I/V/V => (Isat, Epol)
A certain condition is L signal Al Jwo
imposed to identify 1| Esignal [vim] Jam
anomalous transport events = T
within temporal series: 5

" excess of a certain
threshold £ threshold—

: ,«V .
fthreah::rld""f! - ————————

sat 2300 HW. OO0 IFI0  HANC FEO 2
simultaneous fluctuation Time [us]

It correspond to a negative density fluctuation (void)
associated with a radial inward ExB velocity
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