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J.R. Ferron et al. Optimization of the Safety Factor Profile for High
Noninductive Current Fraction Discharges in DIII-D

In a tokamak discharge with 100% noninductively 6
driven current (fy; = 1) and a large fraction of self-generated 5
bootstrap current (fzs), the safety factor (g) profile plays a 4
key role as a result of the close coupling to both the trans- 3
port coefficients and the sources of noninductive current 2
density. In order to assess the optimum ¢ profile for fi; =1 1
discharges in DIII-D, the self-consistent response of the 0
plasma profiles to changes in the g profile was studied in g+.\
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high fi;, high By discharges through a scan of ¢,,;, and g5 at
two values of By. As expected, both fzg and fy; increased
with gqs. The temperature and density profiles were found
to broaden as either g,,;, or Py is increased (Fig. 1). A con-
sequence is that fzg does not continue to increase at the
highest values of ¢,,;, (Fig. 2). The density and temperature
profile shape changes as Py is increased modify the boot- Normalized Radius

strap current QCn51ty (Js) profll.e from peaked to relatively Fig. 1. Radial profiles of electron tem-
flat in the region between the axis and 'the H—mode'ped.estal. perature at different values of gos: 4.5
A peaked noninductive current density Jy; profile is re- (red), 6.8 (green) and g,,,: 1 (solid), 1.5
quired, however, to match the total current density (J) (dashed), 2 (dot-dash). (a) By = 2.8, (b)
(Fig. 3). Therefore, significant externally driven current maximum By.

density in the region inside the H-mode pedestal is required in addition to Jgg to match the pro-
files of Jy; and the desired total J. These profiles were most similar at g;,=1.35-1.65, g95=~6.8,
where fgg is also maximum, establishing this g profile as the optimum choice for fi; = 1
operation in DIII-D with the current set of external current drive sources. This experiment will
also aid in establishing the physics basis for fy; = 1 discharges for the ITER steady-state mission
and for a DEMO reactor.
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Because of the close coupling between the plasma pro-

0.46 . . : files in a f; = 1 discharge, the optimum ¢ profile is diffi-
0.44 cult to model, thus motivating an experimental study. The
bootstrap current density is proportional to g and the tem-
0.42¢ perature and density gradients, but the ¢ profile is strongly
L0401 —+ dependent on Jyq when fq is large. The gradients depend
o on the transport coefficients, which depend on ¢ as well as
0.38} ‘*i the magnetic shear. The pressure limit also depends on the
0.361 q profile and the gradients.
034l Bootstrap current . Fo.r this experir_nent, discharges were produced with
. fraction (at py ~2.8) | Nine different g profiles, ¢,,;,=1, 1.5, and 2 and g45=4.5, 5.6
0.32 . : and 6.8. The plasma current was changed at constant
10 12 14, 16 18 2.0

min” toroidal field in order to vary gos. The density and temper-

Fig. 2. Bootstrap current fraction at ature profiles were measured both at fy=2.8 and at the

By = 2.8 as a function of g5, 4.5 (red maximum achievable Py, 3.1-3.8 depending on the g pro-

triangles), 5.6 (blue squares), 6.8 (green file, which is within 10%-20% of the calculated stability

circles), and ¢y limit. The noninductive current density profiles were com-
puted from models, obtaining fy; between 0.45 and 0.9.

In the lower By=2.8 set of discharges, there is significant broadening of the temperature
profiles as g,,;, increases [e.g. T, profiles in Fig. 1(a)]. In the maximum Py discharges, though,
the temperature profiles are all broad and are relatively independent of g, [Fig. 1(b)]. In all
cases, T, and T; increase across the entire profile as g9s decreases, as would be expected at higher
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Noninductive Current Fraction Discharges in DIII-D

I, The pumping of the particle
exhaust in the divertor region results
in relatively low pedestal density and
peaked density profiles. The density
gradient peaks near p=0.2 in the low
By case, but the profiles broaden with
the increase in Py.

The Jgs profile at Py=2.8 is
peaked in the region inside the
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H-mode pedestal, prlmaply as a re- Normalized Radius Normalized Radius
sult of the p.eaked density gradient. Fig. 3. Radial profiles of the current density components. (a)
At the maximum Py, though, the g, =135, gy =68, By=3.6, (b) g = 1.5, g5 = 4.5, By = 3.45.
broader density and temperature The total current density is from an experimental equilibrium
profiles result in Jgg that is reduced reconstruction, the noninductive current density components are
calculated from models [bootstrap current (solid), neutral beam
driven (long-dash), electron cyclotron driven (dot-dot-dot), total
noninductive (dot-dash)].

near the axis and increased at mid-
radius, producing the relatively flat
Jgs profile inside the H-mode pedes-
tal. There is no systematic dependence on ¢ of the maximum Jgg in the H-mode pedestal region
as larger temperature gradients at lower go5 are compensated by the ¢ scaling of Jgs. However, at
the highest Py there is a systematic increase with gos in the width of the Jgg peak in the pedestal
region.

The commonly used model fgs x g9s By Oonly roughly agrees with these experimental results
because it does not include changes in the n and T profiles or a dependence on ¢,,;,. In this
experiment, as expected fgs/fy increases with go5 and increases with ¢,,;,, in the range 1-1.5, but
it decreases as ¢,,;, is increased from =1.5 to 2 and, for a given ¢ profile, as By is increased.

This study showed that the optimum ¢ profile for fy;=1 operation with the external current
drive sources presently available at DIII-D is g,,;,=1.35-1.65, g95=6.8 where the shapes of the Jy;
and total J profiles are most similar [Fig. 3(a)]. In the discharges studied for this experiment,
fni=0.85 in this case. The required external current drive near the axis is provided by the neutral
beams and additional current drive to match the Jy; and J profiles can be provided by off-axis
ECCD. The fraction of neutral beam driven current can be comparable to fgs, particularly in
discharges at the highest ¢,,;, which have the lowest ne and highest 7.. At ¢,,;,,=1 the difficulty is
a significant mismatch in the region p<0.2 where J>>Jgg + Jxpcp- At lower gos [Fig. 3(b)] where
/i<0.7, substantial additional external current drive located off-axis would be required to
achieve fyi=1. This additional current drive can be provided by the off-axis beam injection
planned for DIII-D in 2011. The off-axis beams can also enable the study of discharges with
qmin>2'
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