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Background

o With the selection of W for the divertor in ITER,
understanding the sources, transport, confinement
of high-Z impurities is crucial to ITER success.

Z(m)

o It is imperative to address key issues associated
with impurity sources, core transport and high-Z
impurity accumulation.

o Controlling Z-transport to avoid accumulation is
necessary to achieve and maintain high fusion
performance in the presence of high-Z PFCs.

o Understanding poloidal asymmetries and its role and its role reducing the
impurity peaking of impurities is highly desirable.

o The impact of the plasma composition on the linear and non-linear stability of
gradient driven modes on particle and heat transport has to be assessed,
with particular emphasis on the role of the heavy impuirities.
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Motivation

Off-axis NBI have been implemented with the
main goal of broadening J & p profiles and study
effects on confinement and stability

Torque will be imparted also at mid-radius
possibly increasing the MACH-corrections due to
centrifugal forces

Understanding poloidal asymmetries and its role
for the “outward convection” of impurities is highly
desirable.

An electrostatic potential (Ap) is setup mainly
between electron, deuterium ions and low-Z
impurities (e.g. C, B).

The impact of a reduction in the underline
turbulence due to the E,,xB shearing rates should
be explored

Impact operation with high-Z PFCs.
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Asymmetry in the P, 4 density with off-axis
accumulation has been measured in NSTX
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o Experimental P,y profile is asymmetric: off-axis peaking !

o Measured P,,4(r) and asymmetry can not be explained only as a function the D+C
content

o Fort~0.7 s: Paq0~70 mW/cm3
Prad.edge~060-140 mW/cms3 (most probably is much higher)
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Mathematical formalism

o The transport equations retaining strong rotation (V,~Vy,) were first derived
by Hinton and Wong [PoF’85] via extension of Hazeltine’s original NCLASS
treatment [Plasma Phys.”73].

o The density at a given flux surface can be written as (see E. Belli, PPCF’09):

n;(0) = n;(0 = 0)exp (wg [R*(0) = R*(6 =0)] _ erA<p(9)>

2V£J 7}

o n;(0=0) is the impurity density profile at the equatorial-midplane. As a result of
quasi-neutrality, Ap(0) is a poloidal electrostatic potential generated to
balance the density asymmetries (Ap(0)=¢(0)-¢(6=0)).

o STEPS:

i. Assume T; and o, are flux surface functions (y). Find np profiles using the
experimental values of n, and n¢ (@ midplane first)

ii. Solve the quasi-neutrality condition for Ap(6) sequentially at each value of 6

iii. Assume arbitrary n; profiles at trace-limit (0.,=6Z.4=<Z>2n;/n,«<1): n;(6=0)

iv. Map particle density profiles asumming also <Z>=<Z>(T,)

v. Map radiated power density using: P,,4=n.n,L,(T,)
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Mapping of mid-plane data in 2D is needed
_to account for centrifugal asymmetries in n,
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Mapping of mid-plane data agrees well with
experimental MPTS and CHERS data
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T c are mapped on ¥(R,Z) while n, shows

small asymmetry due to Centrlfugal effects

» SUPERIMPOSED Core n, departs

Te c are mapped on ¥(R,Z)
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Measured n: and inferred np (=n_,-6n;) show
core effects from centrifugal effects
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A¢ from data is stronger than obtained using
trace-limit & ad-hoc approximations
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Time-dependent solution for A shows in/out
asymmetry evolution with strong »? scaling

o The scaling of electrostatic
potential with rotation frequency
is not linear:

A90|Oéz<<1 X W

o Experimental data (R=80 cm):
i. t=0.4s, F¢~12 kHz, Ap~-32 V
ii. t=0.7 s, F$~22 kHz, Ap~-120 V
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Change in the plasma potential (¢)and radial
electric field (E ) IS veLy small( 5%)
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Change in radial electric field (AE/E,~5%) is
consistent with analytic scaling «xw,(r)/€2;

o The rotation-induced electrostatic potential and related change of the local
electric field can be easily calculated as:

. Ul miwé 2 €2\ Te my; o
Ap(r,0 =m) = T 3T 2 (R* — Ry®) ~ —ZCRorTe T . Wy
Te 7
= AB,(r,6 = m) = ~V.(Ap(r,6 = ) = 2Ry ”;’ W2 (1+2r/Ly,)
o The E, in NSTX is mainly determined by the V¢B#dterm:
1'_:50’)“2
ET ~ V¢B9 ~ Q(T)Rz w¢B¢?O

o Using the equations shown above and T7/(7,+T;)~0.45:

AFE,

=
Ey

(r,we,0 =m) ~ 0.9Cq(r) (?) wéz(:;) (1+2r/L,,)

o The ratio of the expressions for the asymmetric Er to the background radial
field for wg=21.5 kHz and (2 ,=21.5 MHz is of the order of 5% !!!
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n, asymmetry & its mass-dependences can
be estimated usmg </>=</(T, )> & TZ~TC
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Core n; and P, 4 from medium- to high-Z's

will be strongly affected by centrifugal forces
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Summary

o The computation of rotation-induced electrostatic potentials is being used to
study the associated two-dimensional distribution of impurity density
asymmetries in NSTX.

o This calculation relies on flux-surface quantities like Te, Ti and w¢. The
iterative process finds the 2D density profiles and the electrostatic potentials
(Ag) self-consistently assuming poloidal variation due to centrifugal forces.

o The depth of the potential well can reach -110 to -280 V for core NSTX
rotation between 180 — 360 km/s but remains very small if one compares with
the core plasma potential or the energy of fast ions.

o The net-change of the plasma potential and radial electric field is of the order
of just 5-6% and in accordance with a simple theoretical calculation.

o This computation is being used to increase our understanding of asymmetries
and the reduction of Z-peaking, to examine the effect of Ap possibly changing
the heat and particle transport, radiation asymmetries before tearing mode
onsets, as well as to aid the design of new diagnostics for NSTX-U.
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