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Abstract 
Using the electron beam technique and a fluorescent detector the magnetic flux surfaces of the 
classical WEGA stellarator have been studied scanning a wide range of ι0 (0.1 ≤ ι0/2π ≤ 1). As 
a result the existence of closed and nested flux surfaces has been proven experimentally. 
However, at low order rational iota values non-natural islands arise due to magnetic error 
fields. It has been shown that these non-natural islands can be sufficiently suppressed using an 
additional compensation coil. Furthermore, experimental results including vertical field coils 
are presented, which have an influence on the central rotational transform as well as on the 
shear of the magnetic configuration. 
The experimental results are compared with results of code calculations obtained from line 
field tracing codes including the compensation coil and the vertical field coils. 
 
1 Introduction 
 
The WEGA is a classical stellarator in a l=2 and m=5 configuration and is operated at the 
Greifswald branch of IPP. The WEGA has a major radius of R=0.72m and a minor radius of 
r=0.19cm and is working at a nominal field strength of B0=87.5mT. Since the start in July 
2001 approximately 8000 discharges have been performed.  
During a first campaign in 2002 magnetic flux surface mapping has been carried out scanning 
a wide range of iota (0.1 ≤ ι0/2π ≤ 1) at a constant toroidal field B0 = 87.5mT (nominal field). 
As a result the existence of closed and nested flux surfaces could be verified. However, it was 
found that the magnetic flux surfaces are disturbed by non-natural islands of the order (m=1 
and m=2) caused by unwanted error fields [4]. 
In a second campaign the predicted features of an additional compensation coil showed a 
significant decrease of the thickness of these low order rational islands. Additionally, we have 
determined the influence of a set of vertical field coils for different magnetic configurations in 
experiment and by calculations. 
 
2 Experimental Set-up  
 
For the experimental mapping of the magnetic flux surfaces the well established fluorescent 
method was chosen [1, 2, 3]. Using this technique a small electron gun (diameter = 6.5mm) 
emits a directed electron beam parallel to the magnetic field lines with an intensity of 
approximately 10µA and an electron energy of approximately 200eV. The diameter of the 
electron beam at gun exit was restricted to 1.5mm.  
For the mapping of the magnetic flux surfaces a moveable elliptical wire-ellipse was chosen. 
The wire-ellipse could be moved in radial direction scanning nearly the whole cross section of 
the torus within 15s. The wire with a diameter of 0.5mm was covered with a fluorescent 
powder (ZnO:Zn). The fluorescent light emitted by electrons hitting the ellipse was detected 
by a long integrating CCD-camera. The magnetic flux surface measurments have been 
performed at a field strength of 43mT ≤ B0 ≤ 300mT. 
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3 Results from Magnetic Flux Surface Measurements   
 
As mentioned above a first campaign of vacuum magnetic flux surface measurements 
revealed the existence of non-natural islands of the order m=1 and m=2 caused by unwanted 
error fields [4]. Although the origin of these magnetic errors fields can not be derived from 
flux surface measurements they can be used for a comparison with results of code calculations 
simulating various types of errors. The code calculations demonstrated that the earth magnetic 
field is by a factor of 10 too low to generate the observed non-natural islands. However, it 
was shown that a horizontal misalignment between the toroidal and the helical field coils is a 
possible origin of such an error field. In fact, a horizontal shift of the vertical axis of the 
toroidal and helical field coils of ~3mm used in the code calculations generates islands of 
appropriate size and location. The direction of the shift has been chosen to fit the islands in 
size and phase at given poloidal cross sections. All islands for ι0 = (n =1) / m with m = 2...7 
have been distinguished experimentally as well as with the code calculations. The code 
calculations have been performed using the Gourdon-code and a new field line tracing code 
developed at the IPP [6]. 
 
3.1 Magnetic Flux Surface Measurements with Additional Compensation Coil 
 
After analysing the results from code calculations an optimal position for a planar 
compensation coil (diameter d=34cm) as shown in Fig. 1 was determined.  
 

 

Fig. 1 Compensation coil used to manipulate non-natural islands found during magnetic flux 
surface measurements. 

 
In a second campaign in 2003 the results from the code calculations have been compared with 
magnetic flux surface measurements including the compensation coil. The measurements 
have been performed for the same conditions as in the first campaign [4].  
The results of the experiments are in satisfactory agreements with the calculations. Even the 
largest island obtained for low iota rational values can be significantly decreased in size. In 
Fig. 2a the experimentally determined magnetic flux surface at the position of the resonance 
ι/2π=1/3 for B0=57mT without any compensation (Icc=0A) is presented. By superimposing 
the field of the compensation coil the width of the island can be clearly decreased as shown in 
Fig. 2b) – e). A further increase of the current in the compensation coil again increases the 
size of the islands (overcompensation). 
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Fig. 2 Experimentally determined magnetic flux surfaces for a ι/2π=1/3 configuration with 
increasing compensation field. 
 
Another example is shown in Fig. 3. The uncompensated non-natural islands of a value for 
the rotational transform of ι/2π=1/4 are depicted in Fig. 3a). These islands nearly vanished by 
superimposing an appropriate compensating field. However, by inverting the direction of the 
magnetic field of the compensation coil the size of the island can be further increased, which 
is shown in Fig. 3c). 
 

     

       

Fig. 3 Flux surface – measurements vs. calculations - with non-natural islands for a ι/2π=1/4 
configuration without compensation a), best compensation achievable b) and by inverting the 
optimal compensation field c).  

By tilting the compensation coil it is also possible to turn the island struture poloidally [5], 
which will be used in the future to get access to the inner part of island with the help of 
Langnuir-probes. 
     
 
3.2 Magnetic Flux Surface Measurements with Vertical Field Coils 
 
Additionally, a set of vertical field coils has been put in operation during the second 
campaign, which is used to shift the plasma radially in order to keep the plasma away from 
the inner wall. Without a vertical field the magnetic axis is approximately 2cm inward shifted 

Icc=0A Icc=142A Icc=337A Icc=532A Icc=726A 

b) c) d) a) e) 

a) b) c) 

a) b) c) 
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compared to the geometric axis. However, the vertical field coils have also an influence on the 
rotational transform and the shear of the magnetic configuration.  
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Fig. 4 Rotational transform and shear of a magnetic configuration with and without vertical 
field a) and with increasing helical current b).  
 

With increasing vertical field the central value of the rotational transform is increased while 
the shear decreases as depicted in Fig. 4a).  The central region is nearly shear free. 
With the help of the vertical field coils it is now possible to operate with magnetic 
configurations avoiding low order rational resonances of the order m=1, even without any 
compensation. The results of the code calculations are shown in Fig. 4b). In Fig. 5 the 
experimentally flux surfaces are compared with ones obtained from field line tracing codes. 
As can bee seen from Fig. 5a) one can obtain a configuration without m=1 islands up to the 
last closed flux surface. In Fig. 5b) – 5e) the helical current Ihf is increased from Ihf = 735A to 
Ihf = 750A while the toroidal field is fixed at B0 = 70mT. 
 

 
Fig. 5 Magnetic flux surfaces – measurements (upper line) vs. calculations (lower line) – for 
a constant toroidal field (Btf=70mT) with vertical field and increasing helical field (from left 
to right).  
 
By doing so the non-natural islands at ι/2π = 1/4 are shifted from the outer to the central 
regions of the plasma. At a helical current of Ihf = 750A the rotational transform at the 
magnetic axis reaches value of ι0/2π > 1/4 and the islands disappear.   
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The experimentally determined flux surfaces are in good agreement with results obtained 
from vacuum field line tracing codes [6]. 
 
Conclusion 
 
In order to suppress non-natural magnetic islands found in a first campaign of vacuum 
magnetic flux surface measurements in the WEGA stellarator a compensation coil has been 
installed in a second campaign. Using this coil the size of these islands could be significantly 
decreased. Additionally, vertical field coils have been put in operation in order to shift the 
plasma radially avoiding contact with the vessel. The flux surface measurements are 
qualitatively in good agreement with results obtained from vacuum field line tracing codes. 
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