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Steady-state operation of tokamaks has to rely on a largestoap currentlgs) fraction to-
gether with substantial current drive from, e.g., neutesdting beamsl{scp) and microwave
heating (eccp). Ideally, the inductive voltage induced by the centrakgsoid is switched off.
Uncertainties in the prediction dgs and the driven currentggscp andlgccp might have an
impact on the design and performance of next generatiomriugevices. The present work
aims at an experimental validation of the predicted countrdms fromlgs, Inscp andleccp
employing ohmic and non-inductive plasmas at ASDEX Upgr&iece the ohmic current in
present-day non-inductive plasmas with large contrimgtifvom driven currents is small, non-
inductive plasmas provide a scenario where small variatiarthe predicted ohmic current,
loop voltage, and diamagnetic flux can sensitively be coegbto evaluations from equilibrium
reconstructions. The equilibrium reconstruction coupleterpretive Grad-Shafranov equi-
librium (GSE) solver with theredictivecurrent diffusion equation (CDE) [1]. An extended set
of measurements constraining the equilibrium [2] is commaeted by flux-surface-averaged

toroidal current distributions obtained by solving the CDdvireen successive equilibria.
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andInscp = leccp = 0 (fig. 1). Further methods to

ohm

evaluate the ohmic current within a flux surfage

0.0 Lo/

are given by 0 1 é_ [ ]3 4 5
time [s
lohm(P) = M/ 0| p qu| dp Figure 1:Bootstrap and ohmic current eval-
Ro Jo J2 ot ? uated with 2 different methods and different
Zes Values.

wherey(t) can either be determined by integrating
the CDE to obtainycpe(t) (M2) or by solving the GSEJgsg(t) for various time points (M3).
Methods (M1) and (M2) coincide (see fig. 3 lower panel) beeausth are calculated from
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Figure 2:Time traces of the current mixture (left), of the poloidal flux at various $lurfaces from the
core to the edge (middle), and of the loop voltage profile (right).

results of the CDE, which allows to validate the results of @2E. Figure 1 shows good
agreement between the methods (M2) and (M3) although (MBgmi#s significantly 0.
The first (second) stationary part of the discharge is restslerdescribed witles = 1.35 (1.15),
respectively. Here a variation iy of 20% results in a 10% variation in the evaluated ohmic
current using (M3)lgs also depends oHBgs but less pronounced, which, in combination with
the smalllgs contribution, results in a very small variationIgfm due toZes using (M2).
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vanishing instantaneously &g decreases by 20 kA

for about 2 s which can also be seen in the decay of ° ? timi [s] : °
the poloidal flux in the center of the plasma. Flgurel-_%gure 3 Time traces of ohmic current
shows the temporal evolution of the current mixtugensity profile and the current mixture.
(left), of the poloidal flux at various flux surfaces from there to the edge (middle), and of

the loop voltage profile (right). Switching off the centralenoidloy caused a small accidental
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current overshoot, which induced a loop voltage excursitis loop voltage excursion relaxes
within about 1 s it =4.5—5.5 s as can be seen in the loop voltage profile (fig. 2)tEob.5 s
the loop voltage profile is flat but non-zero as one would ekfiea stationary plasma where
the current is completely driven by external sources andhtiodstrap current.

The switching and current relaxation process can also be isethe profile of the ohmic
current density (fig. 3). Although the density is largesthia tore, the ohmic current is approx-
imately uniformly distributed (not shown) due to the ingeaf the poloidal differential area of
the flux surfaces with minor radiys The lower panel of figure 3 shows the temporal evolution
of lohm evaluated with (M1)-(M3) wheré,nm evaluated with (M3) (blue line) has to be tem-
porally smoothed due to ELM induced noisy distortions offlo& surfaces. It = 1— 3 s the
three methods agree reasonable welt.4n3 — 4.5 s the mean df,m(GSE) (M3) is somewhat
larger thanynm(CDE) (M2) but the difference is in the order of the fluctuationst Fo 4.5 s
the mean ofonm(GSE) stays approximately constant wherégs,(CDE) is decreasing due to
an increase of the calculatégscp (fig. 2). Att > 4.5 s a (3,2) NTM appears with a presum-
able decrease of the fast particle population which is nop@ry considered in the evaluation
of the fast particle losses with the TRANSP code. This can bésseen in a discrepancy of
the measured and modelled diamagnetic flux in the preserntbe &§TM [3]. Therefore, it ap-
pears reasonable to conclude that the ohmic culggtGSE) calculated with (M3) is reliable
whereas the ohmic current from the current balance (pleatgethat (M1) and (M2) are from

the same CDE modelling) is misleading due to a possible otieratson of Ingcp.
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Figure 4 compares the contributions of the T;,



44*" EPS Conference on Plasma Physics P4.133

ne andn; profiles to the bootstrap current densitigg sauterandlps Hager The fast ion density
Ni fast IS subtracted fronm; which makes the logarithmic gradients mf andn; different. It is
assumed that the fast ion contribution to the current is detaly included inlygcp. The main
differences inigs from the two approaches are in the amplitude of the edge traptpeak of
all constituents and the core contribution from Hgrofile. Using the improved approach [6]
decrease$ss int = 3— 4.5 s by about 20% which results in a reduced discrepancy batwee
lohm(CDE) andlonm(GSE). The bootstrap fraction decreases from 45% using [5] to 3gitgu
[6] being identified as a significant source of error. An i@ ofZe¢ from 1.5 to 2.0 results in
a 6% reduction ofgs and a corresponding increaselgfn(CDE) by 2-3% which is marginal
significant. Simultaneouslinm(GSE) decreases by a significant amoust 20%) improving
consistency.

Summarising, the ohmic current is calculated and succéssalidated with different meth-
ods evaluating the equilibrium evolution solving the CDE #mel GSE for an ohmic plasma.
A non-inductive plasma with its small ohmic contributiotosts to study the sensitivity of the
bootstrap model, trapped fraction modél, and the influence of mis-specified fast particle
distributions inlngcp.

This work has been carried out within the framework of the EMilsion Consortium and has received funding
from the Euratom research and training programme 2014-26#&8r grant agreement No 633053. The views and
opinions expressed herein do not necessarily reflect tHdbe &uropean Commission.
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