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Abstract 
 
TJ-II is a flexible heliac device (R = 1.5 m, a < 0.22 m, B0 = 1.2 T) in operation at Ciemat, 
Madrid. The wide magnetic configuration flexibility of this machine (0.96 ≤ È0  ≤  2.5, -1% ≤ 

magnetic well ≤ 6%) is a unique feature arising from the variable current that can be fed into 
its two central coils, helical and circular. Along the last year of operation, this configuration 
space has started to be studied. In this paper the dependence of the plasma energy content, 
measured by diamagnetic coils, on the magnetic configuration is presented. Preliminary 
measurements of magnetic field fluctuations close to the plasma region obtained with Mirnov 
coils are shown as well. They seem to indicate that the MHD activity may be also linked with 
the magnetic configuration. 
 
Introduction 
 
TJ-II plasmas are created by means of ECRH at 53.2 GHz, using two gyrotrons (0.3 MW 
each; pulse length < 0.3 s) coupled to the plasma by two different quasi-optical transmission 
lines [1]. Since the experimental database of two gyrotron shots is still not large enough, in 
the experiments reported in this paper only plasma discharges heated by one gyrotron are 
used. Vessel wall conditioning is obtained by means of He glow discharge cleaning acting 
overnight between operating days. Baking of the vacuum chamber (at 150 °C) was done once 
at the beginning of the current experimental campaign. As a result the base pressure decreased 
a factor 5, down to the 10-8 mbar range, due to the reduction of the water contribution. 
The plasma volume increases as both, helical and circular, coil currents increase. In the 
experiments reported herein (helical belt limiter configuration, that is, plasma limited by the 
vacuum chamber), the plasma-wall interaction takes place preferentially along the groove 
protruding into the vacuum vessel. As reported before [1] , in this situation, a significant 



impurity dilution effect occurs as the ratio of the plasma volume to the plasma surface 
interaction increases. Therefore, in order to keep the plasma volume over a convenient value, 
the circular coil current (Icc) has been kept fixed at 10 kA, close to the maximum nominal 

value. The magnetic configuration scan has been performed then, by changing the value of the 
helical coil current (Ihc) between 1.6 and 5,0 kA. In this way, plasma volume (from 0.6 to 1.1 

m3) and rotational transform (iota (a) from 1.28 to 1.73) have been changed step by step. 
Figure 1 shows the iota range covered through the scan with indication of the major 
resonances found. The upper and lower sets of points represents the edge and central values of 
rotational transform, respectively. 
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Figure 1: Calculated values of the central (black triangles) 
and edge (red inverted triangles) rotational transform as a 
function of the magnetic configuration. 

 
 
 
Experimental  
 
The internal diamagnetic loops are installed in sectors SA5 (φ=135˚) and SB4 (=225˚), as 
shown schematically in fig. 2. They consist of a main loop which encircles the plasma column 
and runs under the protecting tiles in the groove region and a compensating loop which 
measures only the vacuum magnetic flux. Each main coil has 6 turns of Thermocoax® 



mineral insulated cable, composed of 0.34 mm diameter zirconium copper conductor, 1 mm 
outer diameter stainless steel sheath and magnesia in between as insulation. The same 
material is used to wind the 18 turns of each corresponding compensating coil, located in the 
same plane. The total effective vacuum magnetic flux encircled by both main and 
compensating loops is about 1.1 Wb. It must be noted that the energy measurements shown 
here have an absolute error of 0.2 kJ. This large error value mainly arises from the difficulty 
of compensating the ripple still present in the currents supplied by the TJ-II power system. 
The measured field frequency spectrum has two main ripple components: first, a "fast" one 
(relative amplitude ≈10-4) of about 1 kHz, which produces different responses, as regards 
phase and waveform, in the diamagnetic and the compensation loop signals. This fact is still 
not well understood but, possibly, it has to do with the different influence of the induced 
currents in the (geometrically very complex) vacuum vessel on both loops. Moreover, the 
currents have slow irregular oscillations (relative amplitude ≈10-3) of 20-30 Hz. It is possible 
to evaluate the degree of perturbation of these fast and slow field harmonics by calculating 
their effective contribution to the diamagnetic energy signal, if uncompensated: they would be 
0.17 kJ and 1.7 kJ, respectively. 
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Figure 2: Sketch ot a TJ-II diamagnetic loop 

 



 
Figure 3: Sketch of the Mirnov coils set 

 
 

So far, one only Mirnov set is available at one toroidal position. It consists of twelve coils 
inserted on a 0.5 mm thick stainless steel tube which is positioned near the plasma, through a 
vertical port, as sketched in fig. 3. The coils are distributed into four groups at different 
vertical positions separated 30 mm. The three orthogonal components, Br, Bz and Bφ, of the 

magnetic field are measured at each position by coils 8, 6 and 10 mm in diameter, 
respectively. The results shown here display Br, which is equivalent to the poloidal 

component of the magnetic fluctuations.  
 
 
Results and discussion 
 
The upper frame of figure 4 shows the evolution of the plasma energy content as a function of 
the helical coil current. The experimental conditions are the same for all the shots analysed, 
with averaged electron densities ranging from 0.5 to 0.8.x 1019 m-3. As a general trend, one 
can observe that plasma energy content (red closed circles) increases as the current does. The 
increase in plasma volume associated with the current increase is an obvious reason for this 
fact. But even normalising the energy to the corresponding configuration volume (open black 
circles), still a positive slope remains, so that a iota-dependence could also be possible as 
suggested in other works [2].  In the upper part of the frame, purple horizontal bars indicate 
the distribution of the main low order resonances, over the configuration range, according to 



vacuum field theoretical calculations. The magnetic shear in these configurations is low and 
the average beta is also small (<β> ≈ 0.2%). The configurations included in the 4.1 to 4.5 kA 
range show a noticeable decrease in energy content. This fact may be interpreted as the 
combination of two effects. As crossing this range, the È = 8/5 rational surface is moving 
from the plasma edge towards the centre. So, first, the È = 8/5 surface located in the plasma 
edge region generates islands that decrease the effective plasma volume. Second, as the island 
chain moves towards the confinement region it may deteriorate the confinement. This 
interpretation is consistent with the clear narrowing of the electron temperature profiles in the 
4.3 to 4.5 kA region, measured by ECE diagnostic [3]. The calculated vacuum field magnetic 
surfaces show the 4/3 resonance producing large islands that move from the plasma edge to 
the centre as the configuration changes from 1.8 to 2.4 kA. This calculation was confirmed by 
the TJ-II magnetic surface mapping experiments [4]. In fact, the measured energy is low in 
that range, but the obvious volume-dependence of the confinement may be dominant factor 
there.  ECE measured electron temperature [3] show narrower profiles for the 2.2 and 3.2 kA 
configurations that could be explained by the presence of the 4/3 and 3/2 resonances in the 
plasma outer region. 
 
 RMS values of the magnetic field fluctuations are presented in the lower part  of fig.4. For 
most of the configurations an rms value of about 0.3 (a.u.) is measured which correspond to 
fluctuation levels, Bθ/Btot, typically of the order of 1 x 10-5. With the current experimental 

set-up the mode periodicity cannot be identified. The magnetic fluctuations level exhibits 
distinct features as the configuration is changed, showing  a clear maximum. centred in 3.8 
kA. It can also be observed a much smoother increase of the turbulence level when moving 
from 4.2 kA up to the end of the explored configuration range, 5.0 kA. The frequency 
spectrum of the magnetic turbulence also depends on the configuration, as shown in fig. 5 
where two configurations are chosen to illustrate this result. 
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Figure 4: The upper frame shows the plasma energy content 
versus magnetic configuration. Red closed circles correspond 
to the measured plasma energy, open black circles 
correspond to the energy normalised with the corresponding 
plasma volume. The lower frame shows in green closed 
triangles the rms value of the poloidal magnetic field 
fluctuations.  

 



 

 
Fig.5: Frequency spectra of the magnetic fluctuations: 
a) Configuration with Ihc = 2..0 kA. b) Configuration with 
Ihc = 3.8 kA 

 
Fig.5a displays in the upper frame the frequency spectrum corresponding to a low relative 
turbulence level configuration (Ihc = 2.0 kA); the spectrum displayed in 7b corresponds to the 
configuration with peaking magnetic turbulence level (Ihc = 3.8 kA). The broad band 

magnetic spectrum with small relative amplitude shown in fig.5a is present in the magnetic 
turbulence of all the studied configurations, whereas a clear higher frequency band centred in 
25 kHz shows up for a narrow range of configurations that also exhibit good confinement. 
The experimental data presented here do not allow to establish a clear correlation between 
energy content and MHD activity because the two relative maxima shown in fig. 4 are slightly 
displaced. Further experiments are needed to elucidate this point. 
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