Titlead3 (1)
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Mapping of the potential fluctuations by
multiple-tip probes
on the CASTOR tokamak

V. Svoboda, FIFI CVUT, Prague
1. Stickel, F. Zacek, Institute of Plasma Physics, Prague

« Introduction

» Motivation: T}'ajectgries of Test Particles in the Potential Land-
scape Due to BErua X Bior - drift;

o« Characterization of Potential Fluctuations by Polaidal and Radial

Probe Arrays;
» Space-Time Caorrelation Analysis;

o Summary
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Cil experimentu

« Fluktuace potencidlu plazmatu
— Charakterizovat jednu komponentu elektrostatické turbulence
okrajového plazmatu - fluktuace potencidlu plazmatu;
— Stanovit zejména:
* charakteristickou dobu Zivota poruch potencidlu (prozatim
v laboratorni soufadné soustavé)

» charakteristicky rozmér poruch potencidlu jak v poloiddlnim
tak i radidlnim sméru;

+ velikost a smysl rotace poruch potenciﬂu v poloiddlnim s-
meru
* Experimentdlni uspofddani
— Tokamak CASTOR

— Mnohahrotové Langmuirovy sondy umoziiujici mapovat plovouci
potanciél plazmatu béhem jedinéha vystielu jak v radidlnim tak
i poloiddlnim sméru; ’

— Rychld a mnohakandlova digitalizace signali z jednotlivych hrotii
(8 kanalii, 4096. vzorkd na kanal, 1us/vzorek)

» Zpracovani experimentdlnich dat

— korelaéni analyza signdlit z jednotlivych hrotd - vypocet kore-
lagnich funkei

Motivace

« Udrzeni plazmatu a turbulence

~ Kligovy parametr charakterizujici kvalitu udrzeni plazmatu v me
netickych nddobdch je doba udrzeni energie (é4stic)

’TE=Q/FE TPZN/I‘p

kde Q resp N je celkovd energie resp celkovy pocet &istic v na-
dabé a I'g resp T, jsou celkové toky energie resp &dstic na sténu
nddoby;

— Celkové toky jsou timérné zejména velikosti koeficientli tepelné
vadivosti y resp diffuze D;

— Jak se ukdzalo, jsou transportni koeficienty 100 a% 1000krdt vétsi
nez teoretické hodnoty;

— To je hlavni prekdzkou uskuteénéni rizeného sludovdni v mag-
netickych nddobdch typu tokamak;

—~ M4 se obecné za to, ze anomdlné vysoky transport je zpiisoben
turbulenci plazmatu;

e Okrajova slupka plazmatu

— Principidlni vyznam pro globdlni udrzeni maji okrajové vrstvy
plazmatu, nebot toky energie a &dstic na stény komory musi
protékat okrajovou slupkou;

— Dominantni proces ovliviiujic{ transport okrajovou slupkou je
elektrostatickd turbulence plazmatu (fluktuace hustoty, poten-
cidlu a teploty);

— Na kraji sloupce plazmatu mo2no vytvofit transportni barieru -
prokdzdno experimetilné pfi tzv., H-mode operation (poloiddlni
rotace plazmatu — potlageni turbulence — omezeni radidlniho
trasportu — zlepSeni globdlniho udrzeni plazmatu) ;

— Podstata okrajové turbulence neni doposud zcela vyjasnéna; ne-
exituje teoreticky popis plné postihujiel experiment;

— Jednou z piigin je nedostatek iidajii charakterizujicich turbu-
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Major radius: R = 40 cn Minor radius: a = 8.5 cmn
Toroidal magnetic field: B = 1 T Plasma current: I, =10-20 kA
Density: i =2 —20-10'% ™3

Temperature: T, = 200 — 400 eV T} =50 - 100 eV

Current Drive on the CASTOR tokamak

o Indnctive current drive (OH)- using the tokammak transforiner

E = — gz —toroidal electric field

I3

Ujy /270 — loop voltage

Non-inductive enrrent drive - using a slowed-down electromag
wave launched into the plasma,

antenna: multijunction waveguide grill

frequency: = 1.25 GHz; (A = 24cin) —Lower Hybrid Range
phase velocity: (Cuh:ul;\ted)‘:';v” = c/3

LI power: Py <40 kW

LHCD efficiency: = 0.25A/W at fi, = 6- 10" =
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Ion trajectory in the 2D potential landscape

The equations (3) is numerically computed using practical units: time...ps,
distance x ...mm, speed %...mm/us, potential .... Volts, magnetic field-

s .. Tesla. For hydrogen w; = qB/m; = 95.8 + B [rad/us|, drift speed
va = Upk/B is typically 5 — 50 mm/ps.

Final form of the equation of motion for B = 1 T (CASTOR) is
X = +95.8]y — vq.sin(2kx)] ¥ = —95.8[% + v,.sin(Zky)]

The Fig. 1. shows test partical trajectory (proton), which starts from
the (xg,y0) = (3.14,0) (the minimum between two maxima) with ini-
tial velocity components X = 40 mm/ps and y = 0. This velocity cor-
responds to the proton thermal velocity at T; = 16 eV. The maxi-
mum potential is chosen as Uy = 20 V, the distance between maxima is
A=n/k=06.28 mm, (k=05 mm™!).
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The vortex trajectory is the superposition of the cyclotren motion (with
Larmor radius r = 0.5 mm) and circumnavigation around a selected po-
tential maximum (minimum). Trajectory is frozened to a local potential
hill (valley). Time of the circumnavigation is about 1.8ps.
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Ion Trajectory in the 2D-potential landscape

Having ortogonal system linked with rotated plasma = there is not
necessary to consider quasistationary radial electric field.

Model of the potential landscape:
Be(%,y) = Uplsin®(k.x) + sin’(k.y))] (1)

Fed

k =27/ describes the distance between the maxima or the minima of

the potential.

The*equation of motion for a test particle (e.g. an impurity ion)
mi = qE+7V xB) (2)

where

E = (By, E,,0) and B = (0,0, B) (3)

for the each component of the vector
._ 9 . . q .
i=—(E B o= -X
¥= (B +yB) ¥ = (By - XB)
where

Ex = —9¢s/0x = —Ugk.sin(2kx) By = ~8¢s/0y = —Ugk.sin(2ky)

£ = Fwgly - va.sin(2kx)) ¥ = ~wql% + va.sin(2ky)) (4)
where
we = qB/m; — ion cyclotron frequency

vy = Upk/B — charakteristic velocity of the £ x B drift

Tillaen3 (1)

Stochastic trajectory

If the drift velocity is high enough, the test particle begins to move
randomally in the potential landscape.
Uy=80V, k =0.5 mm™?
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Experimental Set-Up. (poloidal probe)

Electrostatic fluctuations are monitored by a “rake” probe with 18 tips.
The probe is located at the top of the torus, 40° toroidally away [rom
the limiter section. The tips are oriented in the poloidal direction

Distance between adjacent tips: d = 2.4 mnmy
Diameter of a tip: p= 0.6 mm, I =2 mm;
Length of a tip: 1=2 mmny;

Tip material: phosphor-bronze;

Range of radii: 77 mm <r < 105 mm

upper limit — no signals

r limit probe is damaged

The poloidal probe array
partially damaged
by runaway electrons

v missing tip
A3LY

Photography of the probe

i
i
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Figure 1: Electrical arraugement of the experiment

Poloidal probe array

Tip length/diameter 2/0.5 mm, distance of the adjacent tips 2.5 unn

' DOTTED AREA IS MAPPED
UBY THE RAKE PROBE

- 2D map of raw signals
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red lines - propagation in the ion diamagnetic drift direction
green lnes - propagation in the electron dimmaguetic drift direction
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Tloating probe’s signals
(the multitip probe in the radial direction)

Lvolution of the floating potential from four tips at difTerent positi

with respect to the plasina center.
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Observed signal fluctuations from individual tips are the resu

three processes:

« Poloidal rotation of the "potential landscape” as the whole ir

laboratary frame (caused by the < Brad > X Biar drift);

» Randam motion of the single potential "hill/valley” in the i

linked with the rotating plasma;

« Finite life-time of the individual "hill/valley”.

Iadial probe array

Tip length/diameter 2/0.5 nun, distance of the adjacent tips 2.5 nun

RADIAL PROBE ARRAY

! a:=85mm
| h:100mm ’
2D map of raw signals .
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- Comparison of space-time correlation
(by the poloidal array)

siers 08 - in the poloidal and radial directions

Radial profile of floating potential » Radial profile of floating potential

el

Space-time correlation is calculated for four tips spaced poloidally; * Space-time correlation is caleulated for eight tips spaced poloida

(by the poloidal array) (by the radial array) + Distance between the adjacent prabes is 5 1oy ly/radially by 2.5 muy
e Distance from the reference probe o at which the crosscorrelation s poloidal array is located at the smine radius as the reference bip
function drops to 0.6 is determined (for the zero thne dulay). The the radial array, r = 87 mum
correlation length is defined as A = 24d;
" r=87.5 r=87 mn
s = ¢ Shinilarly, the correlation time is derived
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maasured radial electric fields B, < 42 kV/uy;

o Velocity shear layer is lucated newr LCFS,
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in the poloidal and radial directions
« Space-time carrelation is calculated for eight tips spaced polaidal-
ly/radially by 2.5 mmy;

« poloidal array is located at the same radius as the reference tip of

the radial array, r o~ 87 nun
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» Difference in the space correlation between the poloidal and radial
directions is apparent

SUMMARY

Edge plasma is investigated by Langmuir probes on the

~ASTOR tokamalk. The three approaches have been tested
o understand better to the edge electrostatic turbulence in

,okamaks:

« Dimensional analysis
— Dimensionality of deusity fluctuations was evaluated in regimes
differing in the level of fuctuations;
—~ The lowest dimensionality is observed in the standard ohmic
regime;
— The link between the dimensionality and autocorrelation time

is observed.

« Space-time correlation
~ Patential {luctuations were analyzed by multiple tip Langmmir
probes in the poloidal and radial directions;
— Correlation length/time was determined in both cases;
~ Radial correlation length is noticeably shorter than.the poloidal
one.
e Blectron temperature by oscillatory technique
— The strictly local value of T, by the oscillatory technique well
corresponds to the triple probe results;
— Temporal resclution is limited (> 1.31ms);

~ Mapping of the electon temperature and determiuation of the
T.-fluctuations on the CASTOR is euvisaged.
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¢ The most inner tip r = 87.5 mnn is taken as the reference one;

o The radial propagation (outward) of potential fluctnations appen
at re= 07.5 m;

« It demonstrates an influence of the lacal (quasistationar) clecty

fields on the motion of the potential fluctuations (see the rigi

bottom insert).




