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Introduction

Many tokamak experiments have been recently performed to study the effect of
changes in the magnetic configuration on the plasma transport properties [1,2]. As the
shape in the magnetic configuration is rapidly lost going from the edge to the center, these
studies have been focused to the transport in H-mode discharges where the transport barrier
is located at the plasma edge.

However, the plasma shaping should have an effect on the plasma turbulence onset at
any radius, in fact the ITG instabilities can be reduced [3] at any aspect ratio increasing the
local elongation (k) or increase the triangularity (d) beyond the value 0.4. The latter is,
however, very difficult to obtained in inner flux surface.

Furthermore, the rise of radial electric field is more prompt in highly shaped plasmas
as a consequence of the geodesic curvature reduction [4]. In fact, the increase of the flux
surfaces elongation reduces the effective inertia of the plasma, and a larger poloidal
velocity is expected when the same
external momentum source (NBI) is
applied to plasma.

In order to obtain a larger shaping
of the inner surfaces (at fixed boundary
shape), it is necessary to modify the
plasma current profiles pushing the
current to the edge where the shaping is
more effective. Fig 1 shows the profile
of the elongation for two discharges
. having different current profile, the
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Fig 1. Penetration of the elongation into the plasma,
in two discharges with monotonic (52371) and
reversed (51970) g profile.
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kind of current profiles arise from their
good confinement properties, for the
possibility to produce an internal
transport barrier (ITB), which, for



similarity to the edge barrier of H-mode discharges, could be affected by the elongation and
triangularity of the local flux surfaces. Hence, in such discharges we have the opportunity
to study the influence of the shaping on the transport of the plasma core. It is important to
warn about the difficulties to separate the contribution of the shaping to the core transport
from other effects as the change in q profile and MHD stability of edge (ELM activities).

A set of discharges, with reversed magnetic shear, has been dedicated to this study on
the JET tokamak. Different plasma boundary elongation and triangularity have been
produced leaving the other macroscopic parameters unchanged. Four types of discharges
have been considered changing between two values (low and high) the elongation and the
triangularity. For each discharge the auxiliary heating timing has been modified to get the
best one in terms of confinement.

Statistical approach.

The possible correlation between the plasma shaping and the plasma core
confinement has been searched analysing statistically the latest set of JET discharges with
hollow current profile. In Fig 2 the ion temperature at three different positions (r/a~0, 0.5,
0.9) is plotted versus the upper triangularity for total power ranging between 12 and 16
MW. The full marks refer to discharges with high elongation (k>1.75). Discharges with
high triangularity (6 > 0.3) develop a transient ELM free phase, which in certain cases lasts
only few hundreds of milliseconds. All points in the plots have been taken in this phase
when present. It can be seen from fig 2 that the effect of the triangularity is to increase the
edge temperature (pedestal) and to decrease the central one giving rise to a broadening of
the ion temperature profile. The confinement factor H89 for these discharges increases
with the triangularity due to the increase of the pedestal. High-elongated (full marks) and
low elongated (open marks) discharges have the same behaviour, so that no dependence
from the elongation can be inferred from this plot.

It must be remarked that the change in the ELM activity with the shaping has been
the main problem for the experiment and the data analysis. Any attempt to control the
ELM has been made in this campaign. At high triangularity after the ELM free phase a
large ELM usually brought the discharge to a disruption preventing high power operations.

Furthermore, the ELM type before the
ELM free phase and the duration of this
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Fig 2. 1on temperature at 3 different position versus
the upper triangularity.
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analogous, but weaker,
behaviour is expected for the
geodesic curvature with 9, at the
aspect ratio of the JET flux
surface at ITB radius, while it
has a beneficial effect on the
pedestal for the higher
triangularity and lower aspect
ratio [3].

On the other hand, the
dependence of the core
confinement with the elongation
————————————————————————————————————— is not in agreement with what is

! curvature and by the ITG
Fig 3. Time evolution of main parameters of the discharges analysis. A decrease of both the
52656 (high k), and 52664 (low k) )

geodesic curvature [3] and of

the linear growth rate is
expected by increasing the local plasma elongation. However, since there is a stronger
dependence of the ITG linear grow rate from other parameters (for instance magnetic
shear), than from the flux surfaces shaping, we must be sure that all the key parameters are
similar as much as possible when comparing different discharges.

The elongation role: direct comparison of similar discharges.

We tried to work out this point by selecting only discharges with identical time
evolution of all macroscopic parameters, so that they, likely, have identical current profile
evolution. Of course this procedure reduces quite a lot the number of available shots;
however it has been possible to find two couples of discharges (52656/52664 and
52635/52658) where the time evolution of all parameters but the elongation were
practically identical. In Fig."3 it is reported the
trace evolution of the main parameters of two
of them (52656 full line, 52664 dashed line). In
both discharges the triangularity is low and the
position of the X-point is almost the same, so
that they show the same type of ELM activity
[5,6]. The elongation of discharges 52664 is
1.65, while it is 1.76 for the discharge 52656.
In these discharges the neutron rate comes
mainly from the beam-plasma interaction
(80%) so that the higher ion temperature does
not correspond to an equivalent increase of the
neutron rate. Fig 4 shows the ion temperature
and q for the two shots. The ion temperature of
the most elongated discharge 52656 remains
higher at all radii. The same difference can be
found in the central electron temperature The q
profiles from MSE (in the limits of the diagnostic capability) are almost equal (fig 4).

Fig 4. lon temperature and q profile at
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Using the pt* [7] criterion to detect the
internal transport barrier (ITB) on the ion
temperature, it can be seen that discharge
52656 develops the barrier earlier (i.e. at a
lower power) while less elongated
discharges develops the ITB only during the
peak of the auxiliary heating (fig 5). These
results are confirmed also by the other two
discharges, where the less elongated
discharge does not develop the ITB at all.

The power balance calculation of the two
shots 52656 and 52664 have been performed
and the total confinement time of the shot
with higher elongation (52656) is, as
expected, higher that the other discharge.
The evolution of ; at R=3.4 m (fig 6) shows
that the increase of the gradient is due to a
reduction of the energy transport coefficient.

Fig 5. Evolution of the p;* for the two
discharges 52656 and 52664. The horizontal
dashed lineis the empirical threshold for the ITB

The ion thermal conductivity of shot 52656 is lower at all the radii. Fig 6 also shows the
radial electric field evolution as computed in ref 8, which remains higher for the shot 52656

at almost all radius and times.
Conclusions

The plasma shape scan of discharges with reversed shear has confirmed a beneficial effect
of the triangularity on the pedestal, and has shown a negative effect on the central ion
temperature. For discharges with well matched q profiles, ITB formation seems to be more

prompt at higher elongation.
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Fig 6. Time evolution of the ion thermal conductivity
and theradial electric field at R=3.4m
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