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Abstract 
Electrostatic fluctuations have been measured by Langmuir probes from edge to core plasma region 

in low temperature helical plasmas which are produced by 2.45 GHz microwaves at very low field less 

than 0.1T. The principal dimensionless parameters of the plasmas, that is, the normalized electron-ion 

collision frequency νei
*, and averaged plasma beta βφ and others are in the same range of them in high 

temperature plasmas, except the normalized gyro radius ρs
*. The data on fluctuation characteristics from 

the dimensionally similar low temperature plasmas may give an important insight into understanding of 

turbulent transport in high temperature plasmas. Dependences of fluctuation amplitudes on the radial 

electric field shear, ρs
* and νei

* are investigated. Electrostatic fluctuations propagate in 

electron-diamagnetic drift direction have been observed in the plasma edge region and in ion-diamagnetic 

drift direction in the plasma core region. 

 

I. Introduction 
Understanding of turbulent transport is one of the key issues for magnetic 

confinement fusion. There is broad consensus that turbulent transport in tokamak and 
stellarator plasmas is caused by the correlation among electrostatic fluctuations of 

electron density ( en ), electron temperature ( eT ) and space potential ( sV ). In high 

temperature plasmas, simultaneous measurements of these fluctuations and correlations 
are extremely difficult. Considering this difficulty, we are attempting a new simulation 
experiment of high temperature plasma transport using low temperature one in the 
Compact Helical System (CHS) [1, 2], where principal dimensionless parameters such 
as normalized electron-ion collision frequency (νei

*), plasma beta (βφ) and others are 
adjusted to be almost the same, except normalized gyro-radius (ρs

*). Between these 
“dimensionally similar plasmas”, characteristics of plasma transport are expected to be 
similar [3]. In low temperature and low density plasma where the collisionality is fairy 
low, Langmuir probes (LPs) can be applied to the edge to the plasma core region. 
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In this paper, we present the characteristics of electrostatic fluctuations measured 
by LPs in low temperature plasmas of the CHS stellarator. 
 
II. Experimental set-up 

The experiments have been performed in CHS. Radial profiles of electron density 
ne, temperature Te and space potential Vs and their fluctuations have been measured with 
a triple-type LPs from the edge to the plasma core region with high time (2µs) and 
spatial resolutions (a few mm). The local electron density ne measured with LPs is 
calibrated by the line average density ne_2mm measured by 2mm microwave 
interferometer. The plasmas are produced by 2.45GHz microwave up to Pecr=20kW at 
very low toroidal field Bφ=0.06-0.1T [4]. The fuel gas is hydrogen and the filling 
pressure is ~7.0x10-5Torr. 
 
III. Experimental Results 

The dimensionless parameters of the low temperature plasma produced in CHS are 
νei

*=0.05-0.5, βφ=0.005-0.02% and ρs
*=0.02-0.04. The parameters νei

* and βφ are almost 
the same as those in high temperature plasmas of CHS, but ρs

* is about three to five 
times larger than that in high temperature one. 

The radial profiles of ne, Te, Vs and their normalized fluctuation amplitudes in a 
typical low-temperature plasma with low collisionality are shown in Fig.1, where the 
plasma is produced by electron cyclotron wave power of Pecr=9kW at Bφ=0.06T. As 
seen from Fig.1, the normalized fluctuation amplitudes become large toward the edge 

and / / /s e e e e eV T n n T T> >  is realized in a whole plasma radius. These features are the 

same as those observed in high temperature plasma [5, 6]. We have tested whether the 
Mixing Length Theory [7] could explain the experimental data or not. That is, the 
relationship between the density fluctuations and the scale length of the density gradient 

/ /e e s nn n ρ L≈ is investigated for these low temperature plasmas obtained in CHS. This 

result is shown in Fig.2 including other tokamaks and stellarators [8]. The electron 
density fluctuation amplitude fits for the Mixing Length Theory in the cases that the 
density gradient is appreciably large. 

Effect of the radial electric field shear dEr/dr on plasma fluctuations attracts much 
attention in toroidal plasma confinement. In these low temperature plasmas, LPs can 
provide the information of Er and dEr/dr. Figure 3 shows the dependence of the 
normalized fluctuation amplitude on dEr/dr in the particular regions of ρ=0.3-0.4 (the 
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core region) and ρ=0.7-0.8 (the edge region), where Bφ=0.06T, and microwave power 
Pecr through a launching port is scanned from 6, 8, 9 and 11kW. This figure clearly 
shows that the fluctuation amplitude is almost independent of dEr/dr. This may be a 
reason why the plasma is produced by dominant electron heating and ion temperature is 
inferred to be much lower than Te. This is an interesting and important research target of 
this new research project. 

We also investigated the dependence of the normalized fluctuation amplitude on 
principal dimensionless parameters νei

* and ρs
* for the core and edge plasma regions, as 

shown in Fig.4. These amplitudes are almost unchanged for the change of νei
* in the 

plateau regime (νei
*=0.1-1). On the other hand, the fluctuation amplitudes decrease with 

the decrease of ρs
*. This ρs

* is scanned by the change of the toroidal field from 0.06 – 
0.09 T. In other words, the fluctuation amplitude is decreased by the increase in Bφ. 

For the evaluation of turbulent particle and heat fluxes, it is necessary to know the 

frequency range of fluctuation power and cross phase between en  or eT  and sV . The 

Power spectra, coherence and phase between en and sV are shown in Fig.5 for several 

radial locations. The power spectrum of en  in edge region extends to relatively high 

frequency range, while the power spectrum of sV  has a similar shape from the edge to 

the plasma core. Toward the plasma core from the edge, the coherence between density 
and potential fluctuations obviously decreases and the phase approaches zero radian. In 
the core region the phase between density and potential fluctuations is fairly small, 
which suggests that the fluctuations have a character of drift mode. On the other hand, 
the magnitude of the phase is close to π/2 radians, of which phase suggests a character 
of resistive interchange mode. 

The direction of the propagation of electrostatic fluctuations is important 
information to identify the type of instabilities, for instance, the ion temperature 
gradient (ITG) drift mode usually propagates in the ion diamagnetic drift direction and 
the trapped electron mode (TEM) in the electron diamagnetic drift direction [9]. From 
the phase difference between two signals of floating potential measured at two 
poloidally separated position on the same magnetic surface, the poloidal wave number 
(kθ) can be derived. In the frequency range less than 50kHz in which range the 
coherence is high, the averaged propagation velocity in the laboratory frame is given by 
vlab=2πf/kθ. By subtracting E×B drift velocity (vE×B=Er/Bφ) evaluated by the measured Er 
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from vlab as vpls=vlab-vE×B, the propagation velocity of the fluctuations in the plasma rest 
frame can be obtained. Radial profiles of the propagation velocity vpls is shown in Fig.6 
for several time slices. This figure suggests that in the edge region the fluctuations 
propagating in the electron diamagnetic drift direction are observed, and in the core the 
fluctuations propagating in the opposite direction. It is interesting to compare the 
characteristics of observed fluctuations with those of ITG and TEM, moreover electron 
temperature gradient (ETG) mode. 

 
IV. Summary 

Electrostatic fluctuations were measured in dimensionally similar low temperature 
and low density plasmas of CHS.  This experiment has a merit of the capability of 
utilization of LPs even in core region.  Detailed fluctuation measurement by LPs in 
such low temperature plasmas is expected to provide important information for better 
understanding of turbulent transport in high temperature plasmas.   
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Fig.1 Radial profiles of ne, Te, Vs and their normalized fluctuation amplitudes 
measured in a low temperature plasma produced by 2.45 GHz microwave power 
Pecr=9kW at Bφ=0.06T. 

Fig.2 Comparison of the data taken in low temperature CHS plasmas with the 
mixing length theory, together with the data from various tokamaks, stellarators 
and reversed field pinches. 
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Fig.3 Dependence of the relative amplitude of ne-, Te- and Vs-fluctuations on the 
electric field shear (dEr/dr) in the regions of ρ=0.3-0.4 (plasma core region) and of 
ρ=0.7-0.8 (edge region), where the plasmas are produced at Bφ=0.06T by changing 
microwave power as Pecr=6, 8, 9 and 11kW. 

Fig.4 Dependence of fluctuation amplitude on νei
* and ρs

* in the core and the 
edge regions, where ρs

* is scanned by changing Bφ from 0.06T to 0.09T. 
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Fig.5 Frequency spectra of fluctuation power, coherence and cross phase for the 

fluctuations of en and sV in a plasma produced by Pecr= 8kW at Bφ=0.06T. 

Electron-diamagnetic 

drift direction 

Ion-diamagnetic 

drift direction 

Fig.6 Radial profile of the propagation velocity in the plasma rest frame for 
various time slices in a plasma produced by Pecr= 11kW at Bφ=0.06T. 


