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Introduction

In the turbulent edge region of magnetically confined plasmas Langmuir probes are fre-

quently used to measure time series of ion saturation current Iis and floating potential Vfl. Fol-

lowing the elementary Langmuir probe theory, which assumes a Maxwellian electron velocity

distribution and neglects secondary electron emission from the probe, these are related to the

fluctuating plasma density n = ne ' ni and the plasma potential Φ by expressions involving the

temperatures Te and Ti ([1], [2]):
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Ae and Ai specify the probe collecting areas for electrons and ions, the electron saturation cur-

rent is given by Ies = Aeen(1/4)
√

(8kBTe)/(πme) and Ti is often assumed to be equal to Te.

A measurement of the electron temperature with single Langmuir probes requires a sweeping

of a preferably complete probe characteristic, which results in a low time resolution. Therefore

temperature fluctuations are commonly neglected, albeit there are recent promising results of

fast sweeping probes on the one hand [3] as well as developments of more sophisticated probes

aiming at a direct measurement of the plasma potential on the other hand ([1], [4]). In order to

study the influence and significance of temperature fluctuations on calculations of the plasma

parameters from simulated time series of Iis and Vfl, the global nonlinear three-dimensional gy-

rofluid simulation code GEMR ([5]–[9]) has been used, which delivers time series of densities,

temperatures, and the plasma potential at different radial positions around the separatrix. This

allows a direct comparison of synthetically measured quantities and the actual plasma parame-

ters within the simulation.
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Figure 1: L-mode situation: (a) Time series of code output ni (red bold line) and navg
i (black thin

line) calculated from Iis using averaged temperature values. (b) Φ (red bold line) and Vfl (black
thin line). (c) Radial particle flux Γr calculated from Φ and n (red bold line) and from Vfl and
Iis (black thin line). The data is collected within the scrape-off layer (GEMR simulation).

Results

For a first exemplary situation corresponding to an operation in saturated L-mode, the electron

dynamical plasma beta is set to βe = (µ0 pe)/B2 ≈ 9.4 ·10−5 and the background mid-pedestal

parameters are Te = 150eV, Ti = 180eV, ne = ni = 1.25 ·1019 m−3 and B = 2.0T. Major torus

radius and aspect ratio conform to ASDEX Upgrade values and for the ion mass mD = 3670me

is used.

As shown in fig. 1(a), the discrepancy between the ion density ni and navg
i , the density cal-

culated from Iis by means of averaged temperature values, is large at points of maxima and

minima, but small elsewhere and there is no significant difference in terms of fluctuations. This

holds for all positions in the radial simulation domain. In contrast, time series of Φ and Vfl dif-

fer considerably (fig. 1(b)). Their difference is given by a product of the electron temperature

in energy units, divided by e, and the dimensionless quantity ln(Ies/Iis), which depends on the

temperature as well. Both factors are subject to radial variations and strong local temperature

fluctuations are mainly responsible for large differences of the fluctuating parts. For experimen-

tal estimations of the fluctuation-induced radial particle flux Γr = ñṽr, the density is usually

inferred from Iis and the radial drift velocity ṽr is considered as radial component of the fluc-

tuating Ẽ×B velocity and computed using potential measurements at two spatially separated

positions. However, the instantaneous particle flux calculated from the gradient of the float-

ing potential instead of the plasma potential shows much larger fluctuations than the real flux

(fig. 1(c) and 2(b)), which also affects the radial profile of the mean fluxes (fig. 2(a)). This is

essentially due to differences in the temperature fluctuations at the respective positions, whereas

the use of the temperature averaged density navg
i does not seem to have a decisive impact.

The difference in the fluctuating parts of Φ and Vfl and, consequently, in the corresponding
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Figure 2: L-mode situation: (a) Radial profiles of the time averaged particle flux 〈Γr〉, (b) stan-
dard deviation Stddev(Γr). Real values are plotted as red line with squares, values calculated
from Vfl and Iis as black line with circles.
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Figure 3: L-mode situation: Wavelet scalogram of (a) Φ̃ and (b) Ṽfl, collected within the SOL
(Morlet Wavelet with cent. frq. ω0 = 2π and bandwidth γb = 1, modulus of the coefficients).

frequency characteristics is clearly visible in the time–localised Wavelet scalograms (fig. 3).

Although the frequency behaviour of Φ is largely included in the scalogram of Vfl, the latter

shows numerous additional frequency contributions.

As second case, the investigation has been performed for the gyrofluid simulation of an ELM

type-I like ideal ballooning mode situation, exhibiting a large interchange blowout connected

with enhanced fluctuations [7]. The simulation parameters are Te = 300eV, Ti = 360eV, ne =

ni = 2.5 ·1019 m−3 and βe ≈ 4.0 ·10−4. Also in this case, the difference between ni and navg
i is

relatively small and most distinctive during the large peaks (fig. 4(a)), but there are substantial

differences between the fluctuations of Φ and Vfl (fig. 4(b)), in particular near the separatrix and

in the SOL, as well as between the real flux and the flux calculated from floating potential and

ion saturation current (fig. 4(c)). These are reflected not only in the temporal evolution but also

in statistical properties.
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Figure 4: IBM case: (a) Time series of code output ni (red bold line) and navg
i (black thin line)

calculated from Iis using averaged temperature values. (b) Φ (red bold line) and Vfl (black thin
line). (c) Radial particle flux Γr calculated from Φ and n (red bold line) and from Vfl and Iis
(black thin line). The data is collected within the scrape-off layer (GEMR simulation)
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