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Introduction. 
The knowledge of current density profile inside the q= "I surface and its evolution are 

crucial to understand the phenomenology of normal sawteeth as well as the stabilization of 
monster sawteeth. On Tore Supra (a=0.8m, R=2.36m), about 300 monster sawteeth of up 
to 950 ms have been achieved with ion cyclotron frequency heating combined with lower 
hybrid current drive [ 1 ] . They are exhibiting strong variations of the central current 
density at the sawtooth crash. The Tore Supra polarimeter is particularly suitable to study 
the current density profile evolution inside the q=1 surface because of the central location 
of its five chords (R=1.97 m; 2.135 m; 2.3 m; 2.46 m; 2.63 m). 

In this paper, we briefly describe the Tore Supra polarimeter used to measure the 
poloïdai field distribution. The current density profiles are computed in two different ways 
using the interferometric and polarimetric data in conjunction with the magnetic data and 
the location of the inversion radius determined by the soft X-ray camera. The current 
density inside the q = l surface is investigated for normal and monster sawteeth. Its 
variation are also measured by the polarimeter and compared with that predicted by the 
current diffusion equation assuming complete reconnection. Finally, the safety factor 
profile is compared wi th that obtained with the striation data of the pellet ablation. The 
results of the evolution of the q profile during sawteeth are in good agreement with those 
obtained in other devices such as JET [2] , and PBX-M [3 ] . 

Analysis of magnetic and polarimetric data. 
The five vertical chords of the Tore Supra far-infrared (/i=195um) interferometer 

[4 ] have been modified in order to measure the polarization changes of the probing beams. 
The rotation of the polarization vector is dominantly produced by Faraday effect. With 
respect to this effect, the linearly polarized infrared beams are experiencing a rotation of 
their polarization induced by the parallel component of the poloïdai magnetic field B// along 
the beam path. The Faraday rotation angle is given by: 

a(x) [ rd ] = 2.615 1 0 - 1 3 J ne (x,z) . B// (x.z). dz where n e is the electron 

density and (x,z) the horizontal and vertical coordinates respectively. 
The Tore Supra polarimeter measures the Faraday rotation angles with a maximum 

time resolution of 2ms and a sensitivity of the order of 0.05°. The absolute error made on a 
is mainly systematic and does not excess 0.5°. 

Identification of the current density profile is realized with the equilibrium code 
IDENT-D [ ] by solving the Grad-Shafranov equation, and by minimizing a cost function to 
obtain the best f i t of the measured quantities (i.e. 17 measurements of the tangential 
magnetic field and 14 measurements of the poloïdai flux, and the five measurements of the 
line-integrated densities and of the Faraday angles). The minimizing function also contains 
regularising terms on the current and density profiles. The weights of the regularising 
terms are chosen so as to allow a fit of the data within their error bars. The code is using 
first or second order Finite Elements according to the desired accuracy on the poloïdai flux. 
In steady state, current density profiles and q profiles can be inferred with an accuracy of 
about ±10%, despite the lack of data outside the r=a/2 surface. 
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The second method assumes a geometry of non-concentric circular flux surfaces. The 
Shafranov shift is assumed to be parabolic with a central value determined by the zero of 
the a(x) function [5 ] . The density profile is first calculated using the interferometric or 
Thomson scattering measurements, and then the Faraday angles are Abel-inverted to carry 
out the poloidal field distribution BQ with an error bar close to that of IDENT-D (=15%). 
The current density profile is deduced from Be with respect to the total current. 

In addition, the evolution of the q on axis (q 0 ) is calculated with the two central 
chords (R=2.3 and 2.46 m) by a differential method [5 ] . The q 0 value calculated by this 
method exhibits a strong absolute error bar (±0.2). However, like the error bar on the 
Faraday angles, the error bar on q 0 is mainly systematic over the duration o f a discharge. 

Current density profile inside a=1 at the sawtooth collapse. 
Several sawtoothing discharges exhibiting monster sawteeth have been investigated. 

The time evolution of the parameters of a typical monster sawteeth Is presented on 
figure 1. When the ICRH power (resonant position at 2.30 m) is turned on the sawteeth 
begin to lengthen and eventually some are stabilized for a few hundreds of milli-seconds. 
For normal sawtooth, the excursion of q 0 is of the order of 0.02 in ohmic phase to 0.07 
with RF power. During monster sawteeth q 0 varies linearly with time from about q0=0.87 
to 0.75. The temperature reaches 4.5 keV and stabilizes after 140 ms. A t the sawtooth 
crash the central safety factor increases by about 0.10 to 0.15 for monster sawteeth. 
Simultaneously, the magnetic axis moves by about 4 cm and the q=l surface determined by 
soft X-rays moves inwards by about 5 to 8 cm. Such a displacement of the current density 
profile occurs in about 100us which is very small compared to the resistive diffusion time 
(«5s) calculated on the q= l surface. This gives support to the hypothesis that a shear 
plateau of a few centimeters could exist on the q= l surface prior the crash. 

Shot 8871(Ip=1.5MA, B- r^^T , PRF=3.5MW) 

q profile before the crash (plain line) 
and after the crash (dashed). 
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Fig 1: Evolution of the temperature, magnetic 
axis and qo for a typical monster sawtooth (top 
to bottom respectively). The calculations of q0 

and of the magnetic axis made with IDENT-D at 
10.4 and 10.5 s are also shown with their 
error bars, (filled circles) 

Fig 2: q profiles before the crash 
(10.4s), and after the crash (10.5) 
determined with IDENT-D. The filled 
circles are the values of q determined by 
Abel inversion at the location of the 5 
chords. The positions of the q= 1 surface 
(crosses) measured by the soft X-rays 
at both times are also indicated. 
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Current density profiles have been carried out with IDENT-D for discharge 8871 at 
10.4 s (before the crash) and 10.5 s (i.e. 24 ms after the sawtooth crash) using 
polarimetric and magnetic data (fig 2). At 10.5 s, the q profile calculated with IDENT-D is 
in agreement within the error bars with the profile determined by Abel inversion. Both are 
indicating that q 0 remains below unity. q 0 exhibits a variation of the order of 0.1 at the 
sawtooth crash (fig 1 ) consistent with the variation calculated with the simplified method 

In order to assess the accuracy of the q profile at 10.5 s, the IDENT-D code has been 
run for different values of the regularising weighting factor of the current density profile. 
This study shows that the data are f i t ted within the error bars for a large range (0.05 to 
0.001) of weighting factor. Correspondingly, q 0 varies between 0.81 and 0.88 confirming 
again the result that q 0 remains less than one after the sawtooth crash. 

To characterize the rate of current diffusion between sawteeth, the change in q 0 at the 
sawtooth collapse is plotted as function of the sawtooth period x for normal and monster 
sawteeth in the current flat-top in ohmic and RF phase (fig 3). These data are compared 
with the change of q 0 calculated with the diffusion equation [2 ] assuming neoclassical 
resistivity and complete reconnection inside q= l at the sawtooth crash. This comparison 
shows that the measured AqQ is not high enough to be explained by complete reconnection. 

Fig 3: Measured 
change of qo at the 
sawtooth collapse as 
function of the saw
tooth period. The plain 
line indicates the 
lowest limit in Aq0as 
determined by current 
diffusion calculation 
assuming complete 
reconnection and neo
classical resistivity. 
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Comparison with striations data. 
Another possibility of identifying the q profile is proposed by the analysis of the Ha 

light emitted by the ablation of a deuterium or hydrogen pellet injected into the plasma. The 
ablation cloud exhibits dark striations corresponding to dips in the Ha signal. The largest 
striations can be interpreted by the presence o f rational surfaces along the pellet 
trajectory [8 ] . 

Rational surfaces related to the experimental set of depth and location of all most 
visible striations are identified by minimizing a functional. This functional is constrained 
on a monotonie q profile and on theoretical striation deeper than the measured depth [9] . A 
given q profile close to unity inside the q=1 allows t o discriminate between multiple choice 
of rational surface when it is required. 

The rational surfaces have been identified by this method for several sawtoothing 
discharges in ohmic phase in which the pellet reached the center. The q=1 surface 
determined by the striation method matches the location of the inversion radius given by 
the soft X-rays. The q profile obtained by striations is compared with the profile 
determined by IDENT-D using polarimetric data and the location of the q=1 surface from 
the soft X-rays (Fig 4). For the presented discharge, the sawtooth period was about 70 ms 
and the variation of q 0 did not exceed 0.03. The agreement between both methods is very 
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good inside the q=1 surface. Both are indicating independently that the q profile remains 
well below unity for sawtoothing discharge. This again confirms that complete reconnection 
does not occur on Tore Supra. 
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Fig 4: Comparison of the profile 
determined with the striation 
data with the q profile computed 
with IDENT-D. Fair agreement is 
obtained betiwen these tivo 
methods. 
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inclusion; 
Perturbation t o the q profile induced by normal and monster sawteeth has been 

analysed using polarimetric measurements. The evolution of q 0 and the calculation of q(r) 
with IDENT-D and Abel inversion are both indicating that the q profile remains below unity 
during the sawtooth crash. This is also confirmed by the measurements of q profiles with 
the ablation data. These results implie that complete reconnection does not occur in Tore 
Supra. They are also in agreement with those found in other devices such as JET [2 ] and 
PBX-M [3 ] . 

Further studies will concentrate on the detailed evolution of the q profile during the 
sawtooth crash by increasing the sample time of the polarimeter to 100 u.s and by 
modelizing the Faraday angles evolutions. 
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