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The ablated matter propagation along the field lines during pellet ablation is observed
with a five chords interferometer toroidally located at -7C/3 of the pellet injector (=2.5m on the
discharge axis). The distance between two chords is 16.5cm and their 1/e total width 1.7cm
(see Figure 1). The time resolution is 16|J.s and the sensitivity better than 3 1017nr2. The
beginning of the fast acquisition is triggered by the pellet itself (nevertheless, due to the
uncertainty on the pellet velocity, the lime at which the pellet enters the discharge (to) is only
known with an accuracy of ±100p.s) and its maximum duration is 20ms. About 50()JJs after the
pellet entets the discharge, the experimental signals exhibit a steep increase (in one or two
steps, each of a duration of order lOOjIs). Excepted in a few cases for which a strong
oscillation at a typical frequency of 0.5kHz was detected during several ms, a new quasi-steady
state is reached after =1 ms. The importance of the measured perturbation and the details of the
sequence described above depends, for each chord, on both the q profile and pellet penetration.
The measured quantity is the increase of the line integrated density for times larger than to:
6nl(t-to)=nl(t)-nl(to). An example is displayed Figure 2 for the shot TS 2696 (chords 11° 1, 2,
3 and 5). The main discharge (He) parameters are: Ip=0.7MA; Br=2.5T; a=0.75m;
Tc(0)=1200eV; nc(0)=5.75 lO^m-3. The flight pass of the pellet (D2) is Lp=0.5m
(corresponding to an initial radius rp=1.16mm) and its velocity is Vp=607±9rn/s.

MODEL
These observations are analysed with a self-consistant model whose only input

parameters are the magnetic structure of the discharge, the main characteristics of the plasma
(Tc(p), nc(p), eventually complemented with a poloidal rotation of frequency £2(p)), the pellet
velocity Vp and its total penetration Lp (no absolute measurement of the pellet mass is
available). The successive steps of the computation are described below:
-1- The pellet radius rp is adapted to fit the total penetration depth given by the classical
NGS model [ 1 ] to the experimental value Lp. Since, for known pellet radii, the computed flight
passes are generally larger than the experimental values, the above procedure can yield an
tinder-estimation of the pellet mass, and thus of the simulated onl's.
-2- For 20 radial points along the pellet trajectory, the bulk ionization degree, the expansion
dynamics (radius: R and half-length along BT: Z) and the main parameters (temperatures and
density) of the plasmoid (i.e. the quantity of pellet material released on an individual magnetic
surface) are computed using a MHD model close to that described in [2|. The latter is modified



to take into account the fact that, on a time scale of less than 1ms, the strong perturbations of
the background plasma parameters influence the plasmoid expansion. This can be seen on
Figures 3 and 4 where are displayed, for the pellet of fi'g.2, the time evolution of Z and of the
electronic and ionic temperatures in both the plasmoid (Te° and Ti°) and plasma (Te°° and Ti°°)
at the location of maximum ablation. The half-length of the plasmoid Z exhibits several strong
oscillations before to steady at an asymptotical value of 260m (fig.3). They are due to the
alternative compressions which result from the relaxation of the plasmoid-plasma system inside
the finite volume associated with the considered magnetic surface. The global relaxation time
(=25ms) is mainly determined by the electron-ion collision time Tei. Indeed, it can be seen on
fig.4 that the plasma and plasmoid electronic temperatures are equalized in less than 1.5ms and
that the ionic temperatures become comparable in =7ms (after averaging over the few
compressional oscillations). Nevertheless, due to the weak collisional coupling between
electrons and ions, the thermal equilibrium is only reached after =0.1s, with a 1/e folding time
of =25ms. In its present state, two phenomena limit the validity of these computations for long
time scales: (1) no dissipation due to the plasma viscosity is considered which likely over-
estimates the above mentioned oscillations and (2) the global radial transport is neglected. In
these conditions, one can consider that this model is no longer relevant for time intervals longer
than 2ms after the pellet injection.
-3- For each chord, the increase of the line integrated density is computed in the exact
discharge geometry (given by the IDENT C equilibrium code). Due to the fast parallel
expansion of the plasmoids, their half-length can reach several hundred of meters in a short
time: in the case presented fig.3, Z(lms)=300m which corresponds to 2Z/2JCRo=40 toroidal
turns. For the simulation presented in the next section, only the contributions of the first 15 are
explicitely taken into account (the contributions of the 25 remaining are averaged on 1 poloidal
turn). In a poloidal plane, in addition to their motion due to the rotational transform, the
plasmoids are assumed to move with a velocity 27CpQ(p) immediately after their ionization. In
absence of measurements of the plasma poloidal rotation, the profile Q(p) is the only free
parameter of the model.

RESULTS AND DISCUSSION
Two models computed with the parameters corresponding to the data of fig.2 are

displayed Figures 5 and 6. In the first simulation (fig.5), Q(p)=0 everywhere inside the
plasma. The main discrepancies between the experiment and this simulation are: (1) the lack of
the double peak around (t-to)=600ils on the signal of chord n°l (Ônll) and (2) the poor relative
level of the signals of chords n°2 (5nl2) and 5 (5nl5) for (t-to)>750|is. In the second case
(fig.6), the poloida! rotation frequency profile is adapted to best fit the measurements and all the
features of the experimental signals can be clearly identified on the simulation. Note the
presence of the double peak on ônll and the nearly equal levels of Onl2 and 5nl5 for (t-
to)>750|is. Moreover, the fact that Ônl?>ônl5 for 750p.s<(t-to)<900jls and the relative
position in lime of the different peaks are fairly well reproduced. The residual discrepancies
remain: ( 1 ) the steepness of the density increase, which is larger for the models than for the data



and (2) the absolute value of the 5nl's for large (t-to) which is underestimated by a factor of =2
in the simulations. The first one is easily understood if one's consider that n° and n°° are only
volume-averaged values and that the density gradient is therefore infinite on the plasmoid-
plasma junction surface. The second results mainly from an under-estimation of the pellet mass
and, possibly, from an over-estimation of the plasmoids parallel expansion at large times, due
to the fact that the friction forces between two adjacent flux tubes are neglected in the present
state of the model.

The poloidal rotation frequency profile used in the second simulation, £2(p/a), is
displayed Figure 7. It corresponds to a rotation in the direction of the electronic diamagnetic
speed and exhibits a maximum at p/a=0.55 which seems well constrained by the data. Such a
behaviour of a pellet density perturbation was observed in T10 and led to similar conclusions
[3]. The domain of p/a investigated is limited by the radius of maximum pellet penetration
towards the center of the discharge and by the small amplitude of the density perturbation for
p/a>0.85. The error bars plotted on the figure are estimated on the basis of computational
tests. Interpreted as an EXBr drift, this poloidal rotation implies the existence of a radial electric
field of order of magnitude 3.5kV/m around p/a=0.5. The poloidal rotation frequency
associated with the plasma (He) ionic diamagnetic velocity before the pellet injection is also
plotted for comparison.
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Figure 1 : Geometry of a poloidal cross-section in the

interferometer plane. The injection plane of

the pellet is at +7T./3 in the toroidal direction.



B
CO

3.1464 3.1468

t(s)

3.1472

Figure 2: Experimental data (t0=3.1462s).
Each curve is labelled wilh its
corresponding chord number.
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Figure 3: Time history of Z near the

location of maximum ablation.

r«*

»Ë

"o

'S

Ĥ
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Figure 4: Time history of the plasma and
plasmoid ionic and electronic
temperatures at the location of
maximum ablation.
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Figure 5: Simulation of the data of
fig.2withQ(p)=0.
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Figure 6: Simulation of the data of
fig.2 with the Q(p) profile
displayed fig.7.
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Figure 7: Poloidal rotation frequency profile

I used for the model of fig.6.

For comparison, Qdia(He) is the
diamagnclic poloidal frequency of the
plasma ions before the pellet injection.


