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Introduction 

Turbulence can significantly drive the edge cross-field transport in fusion plasma. Magnetic 

fluctuation is thought to be vital to characterize turbulence and transport. On one side, magnetic 

fluctuation reflects the Magnetohydrodynamics instability and have direct effects on particle 

drift as well. On the other side, the electromagnetic coherent mode is widely found in both 

stellarators and tokamaks, playing an important role in transport [1] [2]. Microtearing mode 

was also observed from the measurement of edge magnetic fluctuation on tokamaks [3]. For 

electrostatic turbulence, theories show that turbulence could be enhanced by magnetic 

fluctuation without the electrostatic approximation [4]. A multiple-purpose manipulator (MPM) 

has been installed to carry various probes into plasma On Wendelstein 7-X [5]. A set of pick 

up coils, located in the combined probe head and mounted on the MPM, was employed to 

measure the magnetic fluctuation profile in the scrape-off layer (SOL) [6].  

In this work, we give a 

description of the profile of 

edge magnetic fluctuation 

in OP 1.2 campaign on W7-

X, characterizing the 

magnetic fluctuations at low 

frequency and high 

frequency. Then we show 

the effects of plasma density and heating power on the magnetic fluctuation, observe a topology 

dependence of magnetic fluctuation in three configurations. 

 

        

Figure 1: location of MPM (left, red line), combined probe (right) 
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Characteristics of magnetic fluctuation 

Figure 2 shows the profile of the spectrum of floating 

potential and magnetic fluctuation, the electron temperature, 

and the electron density. When the probe is approaching the 

plasma, a board-band magnetic fluctuation was observed at 

the frequency range of 0-100 kHz. The spectrum of floating 

potential gets high magnitude sharply at radius r = 6.095 m, 

where we think the probe touches the plasma. The magnetic 

fluctuation at a high frequency (>100 kHz) became stronger 

a little before r =6.095. It agrees well with the fact that the 

magnetic coil measures not so locally than the Langmuir 

probe. When the probe touches the plasma, the close field 

effect of the magnetic probe appears and the high frequency 

fluctuations are observed, indicating there are dominating 

high frequency magnetic fluctuations at the plasma periphery. 

The similar high frequency fluctuations were also observed 

from the floating potential at the plasma periphery. They are 

thought to be the same source.  Since the radial position of the 

Langmuir probe and the magnetic probe is different, no 

obvious correlation is observed between them. Notice that 

there is a region at r = 6.08-6.085 m where high frequency fluctuations disappear, in company 

with a hollow on electron temperature and a peak on electron density. It is caused by the island 

effect on the turbulence [7]. 

Figure 3 shows the power density evolution during a plugin-in. Power density at low frequency 

(0–10kHz) keeps nearly constant, while the fluctuation at the 

frequency range of 10-100 kHz has a significant increase. It 

indicates that the high frequency magnetic fluctuation is close 

to the probe located in the SOL. The low frequency magnetic 

fluctuation could be located in the core of the plasma. Figure 

4 shows the power density and correlation of magnetic 

fluctuation in different directions. The floating potential 

shows a correlation with magnetic fluctuation at only low 

frequency. Magnetic fluctuation correlation between vertical 

and radial directions show a peak at 20 kHz, it might suggest there is a coherent mode. That 

 

Figure 2: profile of spectrum of 

floating potential and magnetic 

fluctuation, temperature and 

electron density. 

 
Figure 4: power density of 

fluctuation in different 

direction (up), cross power 

density with Langmuir probe 

(down). 

 

Figure 3: power density of 

radial fluctuation during a 

plugin-in. 
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magnetic fluctuation shows a correlation with ECE and no correlation with floating potential at 

SOL. Therefore this mode is believed to be inside the LCFS. Diagnostics such as reflectometer 

and Alkaline metal beam measured a 20 kHz mode. Further study is needed to identify whether 

they revealed the same mode. 

Effects of plasma parameters on the magnetic fluctuation 

 Density scan and heating power scan are performed on W7-X in the high iota configuration. 

The radial coil is chosen to investigate the density and heating power dependence, as shown in 

Figure 5 and Figure 6. With the increase of density, the plasma current has an obvious decrease. 

Power densities at the same radial locations demonstrate that the density has effects on 

fluctuations at a large range of frequency (0-100 kHz). In general, the power density of 

fluctuation decreases with the increasing plasma density. Those effects are attributed to the 

change of current profile and topology which are caused by the change of plasma current. 

It is shown in figure 6 that the tuning of heating power changes the diamagnetic energy, while 

the plasma current does not change too obviously. Power densities at the same radial locations 

demonstrate that the high frequency fluctuations are nearly unaffected by the heating power, 

while the power density at low frequency (0-10 kHz) increases with the increasing heating 

power. As mentioned before that the fluctuation at low frequency is closer to the core than that 

at high frequency, it means the increase of diamagnetic energy influence the turbulence mainly 

at the plasma core instead of the plasma edge. 

Topology effects on magnetic fluctuations 

Three magnetic configurations, FTM+252, EIM+252, and KJM+252, have been investigated 

on the magnetic fluctuation, where they are the high iota configuration, the standard 

configuration and the high mirror configuration, respectively. There is a bigger island in the   

KJM+252 than it in the EJM+252. Compared with the others, the plasma has an inward shift 

and the island is smaller with a shift in the poloidal direction in the FTM+252. Figure 7 shows 

the evolution of power density at the range of low frequency and high frequency. It shows that 

        

Figure 5: time traces of density scan (left), 

power density of magnetic fluctuation (right). 

        

Figure 6: time traces of heating power scan (left), 

power density of magnetic fluctuation (right). 
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the magnetic fluctuation profile at high frequency gets steeper with the bigger island obtained 

via the different configurations. That may indicate the source of magnetic fluctuation is from 

the island. Spectrum power 

decay at different configuration 

is different as shown in the 

power density evolution during 

the plugin-in. KJM+252 gets the 

lowest decay while FTM+252 

gets the highest decay, which 

indicates that the scale of 

turbulence is modified by the 

width of the island. 

Conclusion and outlook 

Edge magnetic fluctuation has 

been measured. It shows high 

frequency magnetic fluctuations 

are at the plasma edge, while the low frequency fluctuations are further away from the plasma 

edge. A coherent mode at 20 kHz has been observed. Plasma density shows a weak but wide-

band modulation on the magnetic fluctuation. Heating power only has effects on the low 

frequency fluctuation. Magnetic topology shows significant influences on the fluctuation 

profile. It indicates the source of high frequency magnetic fluctuation may be the edge island 

structure.    

The next step is to figure out the island effects in detail on the magnetic fluctuation. We can 

tune the control coil and plasma current to tune the width and position of the island to observe 

the magnetic fluctuation behavior. We can measure the temperature, density and flow velocity 

of the island plasma to interpret the observation. 
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Figure 7: Poincare plot; evolution of power density at different 

frequency range; power density during a plugin-in. 
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