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1. Introduction. The ion temperaturd;, in the scrape-off layer (SOL) has an importaté ro
in the plasma-wall interactions in tokamaks. Sajptased electric probes such as a retarding
field analyzer (RFA) are used to meastireln practice,T; is obtained from the exponential
fit to an RFA current-voltagd{V) characteristic, assuming Maxwellian ions. As obsd in
simulations [1] and recent experiments [2] in ASDEXgrade (AUG), SOL turbulence is
associated with strong fluctuations §f Since the plasma fluctuates faster than the RFA
voltage is typically swept, it is legitimate to askhe RFA provides corredf; measurements
in a way it is used. A closer look at this problsnimportant especially now, when RFAs are
used in a number of tokamaks such as AUG, C-MotlJ X, MAST and Tore Supra. In the
present study, we build on our recent publicat@jn §nd use the gyrofluid code GEMR [3-5]
to investigate various techniques for measuTingy an RFA in a turbulent SOL.

2. RFA technique. Fig. 1 shows a type of an RFA that is typicallgdisn the tokamak SOL.

A negatively-biased slit plate repels electronskbato the plasma and admits a fraction of
the incident ion flux inside an RFA through a narm@perture. The slit plate measures the ion
saturation current densitpy,: lons transmitted through the aperture proceegtitbl, biased

to Vg1 > 0. lons with the energl > ZieVy; proceed to a collector, which measures the ion
currentl.. An additional grid, grid 2,
biased to a high negative voltage, i slit
placed between grid 1 and the P€
collector. Grid 2 repels the electron: ™
that are energetic enough to overcorr
the slit plate voltage and suppresse
secondary electrons emitted inside g
RFA. Electrodes are perpendicular t
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the total magnetic field vectorB, :
making an RFA sensitive to ion 6
velocities parallel td. It is a standard 4
practice to sweepy; at a few kHz and i
obtain T; from the exponential fit to 0 50 100 150

the decaying part of anl-V Vi V1

characteristic,lc O exp(Vg/Ti). The Fig. 1. Left: AUG RFA (more details can be found in [2]).
difficulty of using such a simple andRight: Collector current and ion saturation curredensity

' . lotted against the grid 1 voltage. Signals werguaed 2.5
convenient model arises due to plas outside the separatrix in AUG ohmic dischargeabyRFA

f'UCtuationS_- _This p_r0b|em IS facing the outer divertor alonB. Signals were measured over
illustrated in Fig. 1, which shows a3 ms at the sampling rate of 2 MHz.

typical 1-V characteristic (and the

correspondingsz) measured by an RFA in the AUG SOL. TR¥ characteristic features a
number of intermittent bursts due to fluctuatiofighe plasma density and temperatures. In
such transient conditions it is clearly unjustifiexd adopt the standard RFA model, which
assumes that ions in thé/ characteristic have the same temperature. Pldsictadtions are
ubiquitous in the tokamak SOL [6], so, undoubteti problem is not restricted to the AUG
RFA. In earlier RFA experiments, insufficient saingl frequencies smeared out the
filamentary structure df, and did not allow the experimentalists to seepttodlem.



39" EPS Conference & 16" Int. Congress on Plasma Physics P2.082

3. Simulations of RFA measurements in a turbulent SOL. GEMR is a global non-linear
three-dimensional gyrofluid turbulence code, whiakculates (among other parameters) time
traces of fluctuating SOL ion and electron tempeeH, Tie, and plasma density), in a
circular flux surface geometry. The simulation doameomprises/a = 1+0.06. Code input
parameters used in the present study conform with ;4
a typical AUG L-mode discharge and are simile g
to those used in [2]. The time tracesTof andn 3 60
are acquired over 9 ms at 4 MHz samplin _2 40 jds)
frequency. An RFA sensor is located in the SC  2°
near the outboard midplane separatrix. The i
saturation current densify,;: = eng, with ¢s the
ion sound speed, is rescaled arbitrarily in order
match the typical experimental values. A sawtoo ‘=
waveform 0-270 V with the frequencyy: is
imposed toVy:. The collector current is evaluatec —
as follows: I¢=jsat€Xp[-Vgr-Vshead/T]  for g
Vg1 > Vsheath@nd ¢ = jsat for Vg1 <Vshean[2]. The — _E
sheath potential,Vsheatn accounts for the ion
acceleration in the Debye sheath in front of a S s 250} v
plate. The classical sheath theory predic %§200} ot
Vsneatr= -0.5TeIN[2n(my/m)(L+(TiTe)(10sedZ].  >"100]
We assumeddsee= 0.8 [7] for the secondary _® so
electron emission coefficient. A 2 ms portion ©
the time traces is illustrated in Fig. 2. Also simow —
for comparison id. evaluated foNspean= 0 (this
time trace is not considered in what follows)-*
Time traces ofsqrandl feature intermittent bursts
due to turbulent filaments, similar to thost
observed in Fig. 1. Note that in GEMR th¢=
. [
fluctuations ofT; . andn are correlated due to the —
ExB advection. Statistical properties of the
simulated jsa: (relative fluctuation level: 1.12, 2 25 3 35 4
skewness: 1.79, excess kurtosis: 3.92, steep fr Time [ms]
and trailing wake of the conditionally samplei9- 2. Time traces of ion and electron
bursts) conform with experimental observations ffimPeratures and plasma density from GEMR.
. ) so shown is the voltage imposed to grid 1
AUG [2] and elsewhere. This provides som L= 1 kHz), ion saturation current density,
confidence that salient features of the SOdheath potential and collector currents. Signals
turbulence are realistically simulated. are acquired at 4 MHz sampling frequency.
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4. Ti measured by a standard RFA technique. First, we operate a synthetic RFA in a way it
is used in most tokamak experiments. Grid 1 swefgi a 1 kHz andT; is inferred from both,

a linear fit to loglc) plotted againsVy; and from an exponential fit tQ plotted againsVys.
Collector currents measured g1 < (Vsheat, With (Vsheat the mean sheath potential of the
simulated time trace, are excluded from the fite Tasults are compiled in Fig. 3. The linear
fit yields (T;"™) = 39 eV on average, which is close to the time@yedT,. The exponential
fit yields somewhat highe;"™) = 49 eV on average. As observed from Fig. 3, taéter of
(TR obtained from the exponential fit is consideralaisger compared with the linear fit.
This is due to the fact that the exponential fis&asitive to large current bursts, emerging
randomly over the voltage sweep. By decreasgingand thus involving more filaments in
eachl-V characteristic, the exponential fit becomes lessisive to individual current bursts,
the scatter of ;") reduces, andl;*™) gets closer to the time-averaggd
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Fig. 3. Temporal evolution of; from GEMR simulations (black curve). Dashed limean value. Full line:
most frequent value corresponding to maximum of phabability distribution function of ;T Symbols
correspond ta/T,*™) deduced from the synthetic RFA I-V characteristisrizontal bars correspond to the
sweep period of . Left: Linear fit tolog(l¢)-Vy:. Right: Exponential fit togdVg,.
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Fig. 4. Left: Temporal evolution of the simulated ion temgture (black) and T estimated from fast-
sweeping RFA (red) for grid 1 sweeping frequendjgs= 50, 100, 200, 400 kHz. Middle: probability
distribution functions of simulated, Tfull curve) and measured"* (symbols). Right: Scatter plot of T
against T from GEMR, averaged over the sweep period of frid

5. Ti measured by a fast-sweeping RFA. The measurements ©f fluctuations by virtue of a
fast-sweeping (i.e sweep frequency above the tyflisetuation frequency) Langmuir probe
is known to be a formidable problem, mainly becaofsthe effect of the fast sweep on the
very parameter one tries to measure [8]. In an R¥Ayever, grid 1 is separated from the
plasma by a slit plate, meaning that at least @oty, Vg could be swept at any frequency
without affecting the plasma. In practice, the peats of highfy; (capacitive currents, slew
rates) could be overcome by virtue of on-board #mm. One can approximate the
characteristic fluctuation frequency e.gfas=(|(1fsa)(djsafdt)]), which is easily accessible in
experiment. The present simulation is charactertagél,c ~ 100 kHz {; fluctuates with a
similar frequency). The RFA measurements were sitadl by sweeping grid 1 & = 50,
100, 200 and 400 kHz. The results are compileddn 4 The dynamics of; fluctuations is
reasonably well reproduced only at highgst corresponding tofg.c. At fg: = fquc or lower,
an RFA does not reproduce the dynamic3;dfuctuations with any accuracy and cannot be
expected to measufig fluctuations in the correct range other than byacdence.
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Fig. 5. Left: Semi-logarithmic plot of the filament iorVIcharacteristics. Data characterized by similggsj
are color coded. Exponential fit (full) is used deduce 7. Right: Filament ion temperature; from
conditionally sampled characteristics, plotted awsi the mean ;Tof all data points included in the
characteristic. Vertical error bars: confidence émval of the exponential fit, Horizontal error barstandard
deviation of the simulated.T

6. Ti measured from conditionally-averaged |-V characteristics. As was shown in [2,9,10],

a conditional sampling of thieV characteristics is a practical approach for estimgal; and

Te in turbulent filaments from electric probes whém tbias voltage cannot be swept fast
enough to measure the temperature fluctuationsttirén this section we use the conditional
sampling method from [2]. Grid 1 voltage is swepl &Hz. The peaks larger thafjsa) (the
standard deviation) above the time-averaged mgany, and the corresponding collector
current,l. 51, are selected from the time tracgQf The values 0Ofsa fi are sorted into groups
characterized by the samg; ry within £0.55(jsa). As shown in Fig. 5, for each group, the
filament ion temperaturd; 5 is deduced from the exponential fit Ito;, plotted against the
corresponding/q1. The conditionally-sampled;ry agrees reasonably well with the simulated
Tis. The reason is mainly a strong correlation betwibenplasma density and temperature
fluctuations in GEMR. The same correlation was messin [10] and elsewhere.

7. Summary. This paper addressed various aspect3;aheasurements in turbulent SOL
plasma by an RFA (though the results apply to oitversensitive probes as well). The RFA
measurements were simulated by the gyrofluid terceé code GEMR. In a way it is
typically used (i.eVy: sweeping frequencly; of the order of 1 kHz), an RFA measuigs
which, on average, is close to the time-averageattudhting ion temperature. Direct
measurements of; fluctuations would requiréy; a few times higher than the characteristic
fluctuation frequency, i.e. a few 100 kHz. Alteimaty, T; in turbulent filaments can be
measured from the conditionally-sampled filameht characteristics acquired at a Idyy.
Obviously, this technique does not provide compiefermation about the dynamics of It
would be also worthwhile to refine a model of imansmission through an RFA slit plate
aperture and measute fluctuations from the comparison pf: andl., sampled at constant
Vy1. These techniques could provide valuable inforomatiboutT; fluctuations for modelers
and the data for comparison with other experimdatiicated to fast SOL; measurements.
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