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Introduction To avoid large radiation losses and plasma dilution, intgwaccumulation in
the plasma core should be kept at minimum. In the present weikvestigate cross-field trans-
port of high~Z impurities, through gyrokinetic modeling and simulatiarsing theGYRO code
[1]. Experimentally, the application of radio frequencyatiag has been shown to give a flatten-
ing effect on impurity density profiles in the core. Here walgme an experimental lon Temper-
ature Gradient (ITG) mode dominated case from a hydrogennityrion Cyclotron Resonance
Heated (ICRH) Alcator C-Mod discharge. In previous studies, IGRbkibeen found to give rise
to a poloidally asymmetrically distributed impurity spe€i{2, 3], and a theoretical model for its
impact on cross-field impurity transport has been presdgdtes] 6]. While earlier studies have
been limited to theoretical cases, here we apply the modexperimental data. The strength
of the poloidal asymmetry is estimated, and the zero-fluxuinty density gradient (peaking
factor) is calculated and compared to the symmetric case.

Model A semi-analytical linear gyrokinetic model for the zero fldensity gradient of high-
Z impurities present in trace quantities is introduced in {@here the effect of a poloidally
varying, non-fluctuating electrostatic potentigt is included. In [6] this model is applied to
Trapped Electron Modes (TEM), and demonstrates the abdlitgproduce trends of nonlinear
GYRO simulations in the poloidally symmetric case. Furthermosggnificant reduction of the
impurity peaking is found in the poloidally asymmetric castere the key parameters are the
asymmetry strength and the magnetic shear

We focus on poloidal asymmetries due to poloidal electrid$iand neglect effects caused by
a radial electric field, such as the centrifugal force ag$nom toroidal rotation. The poloidally
varying potential is assumed to be weak in the sensesthaf; /T, < 1 (whereT, is the tem-
perature of specieas). This justifies the use afYRO simulations neglecting poloidal asymme-
tries to obtain linear mode characteristics, since thece@iepoloidal asymmetries on the main
species can be neglected. By requiriige- 1 however,ZeA¢p /T, ~ O (1) and the impurities
can be poloidally asymmetrically distributed. Hence tlieix B drift in the poloidally varying
electrostatic potentiaby is not negligible. The model used for the equilibrium elestatic
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potential is given by Eq. (11) in [4]
Zepp/T, = —rcos(0—bp), (1)

wheref, represents the angular position where the impurity dermtyits maximum ane
sets the strength of the poloidal asymmetry. For experiallgnmibserved low-field-side ICRH
driven asymmetrie$)y = 7.

To find the impurity peaking factor/LY ., we use the model presented in [5] where the
peaking factor is given by Eq. (8), here we rewrite it as
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¢ is the perturbed electrostatic potential anég w, + i~y the mode eigenvalue,is the outermost
minor radius;- the minor radius of the analyzed flux surfa¢®, the major radiusg the safety
factor,s = (r/q)(dq/dr) the magnetic sheak, the poloidal wave numbet, = (T, /m;)"/* the
ion sound speed ang the ion sound Larmor radius. FurthermdpPéd) = cosf + sfsind and
(. = (... N|)/(N]g|*) with N = exp[—Zegp/T:], and(...) = (1/27) [" (...)df de-
notes the flux surface average. We refer to [5] for detailbefhodel. Note that up t6(Z 1),
both finite Larmor radius (FLR) effects and the effects ofis@hs do not appear. Furthermore
we see that:/ L, consists of three terms: the first term of Eq. (2) represdmsontribution
from magnetic drifts, the second term stems from Ehe B drift and is only non-zero in the
presence of a poloidally varying potential, the last termes because of the impurity parallel
dynamics and is positive for ITG modes but negative for TEMs.

Alcator C-Mod minority ICRH discharge As a reference, we analyze an Alcator C-Mod
deuterium discharge, described in [2], where ICRH was appliitd the resonance layer at
the low-field-sidey./a = 0.47, using hydrogen minority scheme. The hydrogen minority-con
centration at the analyzed flux surface is estimated tog/n.o = 0.04, the ICRH resonant
magnetic field strength i&. = B./By = 0.87 and we assum&, = 7T; and no rotation. The an-
alyzed impurity species in the discharge is partially iedimolybdenumifMo) with Z = 32,
characteristic of this range @f.. The molybdenum concentration in ICRF heated shots is esti-
mated to ber, /n. = 107* = 1072 and we assume.o/n.o = 2-10~%.

The asymmetry strength is found from Egs. (10) and (12) of [4], assuming circular flux
surfaces (the experimental elongation at the analyzed €itface is 1.27)

Z(nHo/neo)/{
(Tz/Ti)(niO/neO) + (Tz/Te) + (nZOZZ/neO) ’
k‘ _ EbC(OéT — 1)
bc—FOéT(l—bc)’

3)
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(4)
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wherear =T /T| is the minority temperature anisotropy, found using TRAN&Rd e =
r/ Ry the inverse aspect ratio. As shown in Fig. 1 the largest astnyris found at-/a = 0.41
with ap = 5.4 andx = 0.21, consequently we will analyze this radial location. Expental
values at'/a = 0.41 areRy/a =3.2, s =0.43,¢=1.07,1;/T, = 0.80, a/ L1 = 1.81,a/Lp; =
1.56, a/ Ly, = 0.60 and,; = 0.065 ¢;/a.
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Figure 1: Asymmetry strengthas functions of/a (left), andMo>*"

peaking factor as function
of kyps for the symmetric £ = 0) and asymmetrici = 0.21) cases (right). Also shown are the
contributions to the peaking from the three separate temnisyi 2: magnetic drifts.{p term),

E x B drift (wg term) and parallel dynamics(term).

A 2D map of the linear mode eigenvalues-ifu — kg p5 space for this discharge, obtained with
the eigenvalue solver iBYRO, is illustrated in Fig. 2. At the studied flux surfagga = 0.41,
the plasma is ITG dominated and this branch is traced overaithal domain. Note however
that, besides from subdominant modes, there could be anotbeée that even dominates at
another radial location.

The Mo®** peaking factor as function dfyp, is shown in Fig. 1. To choose a relevant
single mode, we estimate the relative magnitude of the tpear fluxes from the quantity
[/ (K2)],,, with (k) = k3 (1452 (62)) and(62) = [ 6%|@x,|*d6/ [ |éx,|” do from the the-
ory presented in [7], by performing linearyRO simulations. The poloidal wave number yield-
ing the largest value i8yp; = 0.35, with the linear growth rate = 0.063 ¢;/a and mode fre-
quencyw, = —0.14 ¢5/a (w, is negative for modes propagating to the ion diamagnetecton
according taGYRO conventions).

From Eq. 2 the molybdenum peaking factor is found to decréasea/LS, = 0.89 in the
symmetric casex(= 0) to a/L", = 0.76 in the asymmetric case: (= 0.21). The contribution
from the E x B term is —0.18 in the asymmetric case, but there is a slight increase in the

term coming from parallel compressibility between the syatno and asymmetric cases which
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Figure 2: 2D map of linear growth rate(left) and real mode frequency;, (right) as functions
of r/a andkyp, for the ITG branch which is dominant afa = 0.41. Blue dashed line marks
r/a = 0.41 where the maximum asymmetry is located, orange dashed larksm/a = 0.47
where the ICRH resonance is located.

counteracts the reduction of the peaking factor.

Conclusions A small reduction in molybdenum peaking is predicted frora goloidally
varying non-fluctuating electrostatic potential, whicksardue to hydrogen minority ICRH in
the analyzed Alcator C-Mod discharge. The reduction is ntdarge as found in earlier theoret-
ical work [4, 5, 6], which is expected, due to the fact thatttegnetic shear is not very large
and at the studied flux surface the plasma is ITG dominateel nfTdgnetic shear has previously
been found to be a key parameter in determining the magndatitee reduction and it is rel-
atively moderate at the studied flux surfages 0.43. Also, TEM dominated scenarios have
previously been found to lead to reduced impurity peakingtdithe contribution from parallel
compressibility. It is possible that subdominant modeg plaimportant role at the studied flux
surface. The role of these can be revealed by a nonlineaysasalvhich is among our future

goals.
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