ITG modes in JET plasma
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Abstract

The experimental dates obtained from two shots, 74354 (without heating) and 7455 (with heating
power 1 MW), and fluid model of the impurity density perturbation due to ITG modes in plasmas with
ICRH (obtained in [2]) are used to analyse the eigenfrequencies of ITG modes in JET plasma. The
influence of the heating on the density perturbation profile is taking into account by the specific profiles
of electron density and electron/impurity temperature profiles for the two shuts. As a consequence,
are obtained the profiles for the eigenfrequency modes from the quasineutrality condition.

1 Introduction

Experiments have shown that auxiliary heating can influence impurity accumulation and transport and,
by consequence, the plasma confinement. In JET, various type of discharges at ITER relevant collision-
ality had shown that the density profile of Ni (Z=28) impurity is flattening when ion cyclotron resonance
heating (ICRH) is applied - see [3]. Recent studies in both fluid and kinetic models, see for example [3]
- [8] bring some insides in aspects of impurities behavior. However, the influence of the radio-frequency
heating on the impurity density profile, diffusivity and peaking factor rest a challenge.

In the present work we study the dispersion equation for ITG modes with and without central ion
cyclotron radiofrequency heating. For that we use profiles of which results from comparative analysis of
two discharges in JET: the reference discharge #74354 without RF power and discharge #74355 with
ICRF power of 1 MW (which is applied to electrons in Hydrogen Minority Heating scheme). In section 2
is presented the analytical model: the equation for the impurity density perturbation due to ITG modes
in plasmas with radio-frequency heating (obtained in [2] by using multi-fluid Weiland model with trace
impurity approximation). The influence of the heating on the density perturbation profile is taking into
account by the specific profiles of electron/impurity density and temperature profile for the two shuts.
The analytic expressions extrapolated from experimental data for the profiles are given in section 3. The
frequency modes are determined by solving the dispersion equation resulting from the quasineutrality
condition in section 4. The discussions and conclusions are given in the final section 5.

2 Analytical model

The Weiland multi-fluid model with trace impurity approximation is used to describe ITG/TE mode
turbulence and the impurity species. The equation for the impurity density perturbation due to ITG/TE
modes in plasmas with radio-frequency heating, obtained in [2] read as
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*See the Appendix of F. Romanelli et al. , Proceedings of the 23rd TAEA Fusion Energy Conference 2010, Daejeon,
Korea
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where 10 5
N =3+ 275+ 577 (2)
Here a = e¢/T, is the normalized potential, n, = dn,/n, is the normalized impurity perturbation,
W = w/wp, the normalized frequency (where wp,. is the electron magnetic drift frequency). The other
notations are 75 =1, /ZT, , 1/L,; = —dlnn;/dr , 1/Ly; = —dInT;/dr , A, = m,/m; , ¢. = 2qkep, ,
Ps = Cs/Qci y Cs = v/ Te/mi .

The quasilinear impurity particle flux,

Iy, =-D,Vn, +n,V, (3)
read as - see eq.(8) in [2],
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where Ny = w — 27%.

3 Input profiles

In the following are given the profiles which will be used as input data. They fit well the profiles for the
reference discharge #74354 without RF power and discharge #74355 with ICRF power of 1 MW applied
to electrons in Hydrogen Minority Heating scheme in JET. A subscript h will distinct the quantities in
the presence of ICRH from those without RF heating. The impurity considered here is Ni (Z=28). The
density profiles n, and n,_j are described by

n, = nos {0.82 exp [~202?] + 0.25 exp {—2 (- 0.4)2} (5)

+0.05exp [ =8 (= — 0.9)°] +0.05exp [~30 (2 — 1)°]}

n.—p, = no;{0.6exp[—602%] + 0.45exp [—(z — 0.34)%] 4 0.03 exp [—~3000(z — 0.66)?] (6)
+0.004 exp [—1000 (z — 0.74)2} +0.1exp {—3000 (z — 0.81)2]

+0.1exp {—20 (z — 0.95)2} }

and plotted in figure 1 (with ng, = 1017).
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Figure 1. The density profiles for Ni in absence of RF heating #74354 (solid line)

and #74355 with ICRH (dashed line).

The electron density profiles

Ne = Nge {1.68 exp [—17 (z + 0.05)2] +1.84exp {—18 (z — 0.063)2}

+2.8exp [~20 (2 0.39)°| + 168 exp |57 (@ — 0.62)°]

+2.8exp [—50 (x — 0.84)2} + 2exp [—110 (x — 1.05)2} }

nen = moc{2exp |30 (2 +0.08)°| + 14exp | ~30 (2 - 0.083)°]

10.92exp [~ 18 (z — 0.16)] + 2.48 exp {—20 (z — 0.38)2} +1.48exp {—64 (z — 0.6)2}

+1.32exp {—72 (z— 0.79)2} + 2exp [—8 (x — 1.1)2] }

with ng. = 10 m™3 are plotted in figure 2.
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Figure 2. The electron density profiles in absence of RF heating #74354 (solid line) and #74355 with

ICRH (dashed line).

The temperature profiles for Ni impurity are given as

T, = Tp. {0.96 exp[—5 (z + 0.12)%] + 0.14 exp [—5 (z — 0.6)2} }
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Toon = To. {0.7 exp[—3 (z + 0.2)%] + 0.07 exp {—200 (x — 0.04)2} } (10)
+0.3 exp [—20 (z — 0.05)% + 0.13 exp [—5 (z— 0.6)2H
with Ty, = 9.4 keV and plots given in figure 3. The electron temperature profiles read as
T. = T {0.86 exp[—8(z + 0.04)%] + 0.2 exp {—20 (x — 0.2)2] +0.3exp [—18 (z — 0.36)2} (11)

+0.28 exp [—60 (z — 0.5)2} +0.27 exp [—60 (z — 0.68)2} +0.2exp [—50 (z — 0.88)2} }

T._r, = Toe {0.91 exp[—50(x + 0.03)%] + 0.55 exp {—60 (x — 0.16)2] (12)
+0.56 exp [—18 (x — 0.35)2} +0.3exp [—30 (z — 0.48)2}
+0.1exp {—80 (z — 0.68)2} +0.2exp {—120 (z — 0.7)2} +0.26exp [—60 (z — 0.88)]2}

with Ty, = 5.66 keV and their plots are given in figure 4.
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Figure 3. The Ni impurity temperature profiles in absence of RF heating #74354 (solid line) and
#74355 with ICRH (dashed line).
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Figure 4. The electron temperature profiles in absence of RF heating #74354 (solid line) and #74355
with ICRH (dashed line).
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The safety factor profiles are
q=qn=2.23+3.22% 4 22° (13)
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Figure 5. Safety factor profiles are the same for the two shots.

4 Particular dispersion equation for I'TG modes

In order to represent the radial variation of the impurity density perturbation for the two shots we need
to find the eigenfrequency modes for ITG instability. This imply to solve equation resulting from the
quasineutrality condition

—e 0N, + Zei on; =0 (14)

where summation over i correspond to summation over all ion/impurity plasma species. The resulting
dispersion equation, which is of great complexity, was solved in different approximations; see for example
[9], [10]. We assume one ion species with charge number Z; and one impurity species (Ni) with charge
number Z = 28. In this case the previous equation (neutrality condition) become

One on; on.

Ne n; U
where n "
fz == 5 fz =—
e Te

In the following we neglect the contribution from trapped electrons and the quasineutrality condition is
approximated by

ef i z
where 07, is the impurity density perturbation, dn; - ion density perturbation, dn.y - circulating electrons

density perturbation and f; fraction of trapped particles. For free electrons we suppose quasi-adiabatic
behavior

ey _ ebo
Nef o Te

This simplified dispersion equation leads to four eigenvalues for each shot (see figures 6-9 )

oA:”:&jr(»;’"i_i?y'
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5 Conclusions and discussions

The both real part of ITG eigenfrequencies and the corresponding growrates are plotted for the shot
74354 (without ICRH) - continuos blue line in figures - and for the shot 74355 (with 1 MW power of
ICRH). The results are obtained in an approximate fluid model by using experimental data. Because we
have neglected the contributions to transport of trapped particles the results not refer to the edge region
of the plasma. Also must be remarked here that the power of heating is small compared with the heating
in shot 68383 of about 8 MW.

The influence of the ICRH on the eigenmodes can be observed from the figures 6-9 : in the central
region of the plasma (0 < r/a < 0.15) the normalized frequency @, is not modified by the small heating.
In the region 0.2 < r/a < 0.8 there are modification of the @, and 7 profiles with a redistribution of their
amplitudes. The eigenmodes described are necessary to evaluate the difusivities, convective velocities and
the peaking factor - see [4].

Acknowledgments

This work was supported by EURATOM and carried out within the framework of the European Fusion
Development Agreement. The views and opinions expressed herein do not necessarily reflect those of
the European Commission. Acknowledgements to Professor Tiinde Fiilsp and dr. Sara Moradi, from
Association EURATOM-VR Association, Chalmers University of Technology, Gothenburg, Sweden, for
make available the experimental data.

References

[1] Valisa M et al, Nuclear Fusion 51 033002 (2011)
[2] Nordman H et al, Phys Plasmas 15 042316 (2008)
[3] Puiatti M E et al, Phys Plasmas 13 042501 (2006)
[4] Pometescu N I, 2010 , JPCS 260 012016

[5] Carraro L et al , 34th EPS Conference on Plasma Phys. Warsaw, July 2-July 6, 2007 ECA Vol 31F,
0-4.028 (2007)

[6] Moradi S et al, Nuclear Fusion 49 085007 (2009)
[7] Moradi S et al, Phys Plasmas 17 012101 (2010)
[8] Fiilop T et al, Phys Plasmas 17 062501 (2010)
[9] Weiland J, Phys Plasmas 11, 3238 (2004)
[10] Hammet G W et al, Plasma Physics and Controlled Nuclear Fusion Research Vol III, 273 (1994)

54



