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Abstract

A significant portion of the Lower Hybrid waves modeling of Alcator C-Mod discharges

aims at understanding the role of the SOL on the loss of LHCD efficiency which is observed

at high density. LHEAF simulations using a realistic 2D SOL model which includes the

effects of flux expansion and parallel heat transport are presented. Results show that SOL

collisional absorption is lower that what was previously estimated by raytracing/Fokker-

Planck modeling. Nonetheless, the experimental drop of HXR emission is well reproduced

by the fullwave simulations and is attributed to the combined effect of an n‖ upshift due to

fullwave effects and radial diffusion of fast electrons.

In this paper we present the recent progress in modeling of LH waves in Alcator C-Mod dis-

charges at high density using the full wave simulation code LHEAF. This code is based on a

Finite Element Method (FEM) formulation, which allows a seamless handling of the antenna,

first wall, SOL, divertor and core regions. In the region of plasma inside the separatrix, electron

Landau damping is modeled by means of an iterative procedure [1]. The code has been coupled

to a relativistic 3D bounce averaged Fokker Planck solver [2] and features an hard X-ray syn-

thetic diagnostic to simulate the measured Hard X-Ray (HXR) data. The LHEAF code has been

validated [3] and has now been applied to a wide range of Alcator C-Mod discharges.

Modeling of high density discharges is of particular interest because several tokamak ex-

periments including Alcator C-Mod [4], ToreSupra [5], FTU [7] and JET [9] have reported

anomalous loss of LHCD efficiency for increasing plasma densities. This effect is readily seen

in the non-thermal bremsstrahlung (HXR) emission, which is a sensitive proxy for the popu-

lation of fast electrons generated by LHCD. Figure 1 shows that the HXR emission from the

Alcator C-Mod core plasma over the energy range of 40 to 200 keV drops by over four orders

of magnitude by tripling the line averaged density. Although the reason for this variation is still

under investigation, different theories agree that the SOL region plays a key role in the loss of

driven current. Possible loss mechanisms in the SOL include electron-ion collisional absorption

[4], ionization [10], wave scattering by density fluctuations [6] and PDI [9].

For the case of Alcator C-Mod, raytracing Fokker-Planck modeling was found to recover

good agreement when an electron-ion collisional SOL is included in the model [4]. However, in
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Figure 1: Comparison of simulated and measured HXR

emissivity as a function of density.
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Figure 2: Collisionality from

LHEAF 2D SOL model for

#1080429007 at 1.14 s.

the raytracing simulations the temperature and density in the SOL consist of simple exponen-

tially decaying profiles. To evaluate more accurately the power lost in electron-ion collisions,

we have used the LHEAF code with a fully 2D SOL model which includes the effects of flux

expansion and parallel heat transport [11]. Considerable effort has been made to diagnose and

model the plasma edge and the divertor regions, so as to create a more realistic simulation

environment.

In the following the results of three LHEAF simulations of Alcator C-Mod discharges at n̄e

of 0.6, 1.0 and 1.3 1020 m−3 are presented (shot #1080429007 at 0.84 s, shot #1080429007

at 1.14 s, shot #1080513014 at 1.14 s). These are all upper-single-null discharges having IP =

800 kA, B0 = 5.4 T . In addition to the LH power (∼ 600 kW ) and phasing (n‖ = 1.9), input

to the LHEAF simulations are the magnetic field topology from EFIT reconstruction, density

and temperature profiles as inferred by Thomson scattering system and reciprocating Langmuir

probes. Also, measurements from the Langmuir probes which are embedded in the Alcator C-

Mod vacuum vessel walls have been used to constrain and benchmark the aforementioned 2D

SOL model. Figure 2 shows the collisional frequency for discharge #1080429007 at 1.14 s.

The LHEAF wave fields and the power deposition distribution profiles are shown in Fig. 3

for all three cases. As seen from the wave fields, the waves show greater refraction at higher

densities and not to penetrate the core of the plasma where the temperature is highest. Con-
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Figure 3: Logarithmic plot of the parallel electric field magnitude and of the power deposition distribu-

tion as simulated by LHEAF. The power absorbed in the SOL amounts only for a small fraction of the

total power for all three cases. At the bottom, the power deposition profiles are plotted.
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sequently, the power deposition is more off-axis at higher densities. LHEAF simulations with

realistic 2D SOL model predict that collisional absorption is lower that what was previously

found in earlier ray tracing modeling. In particular, the LHEAF simulation predicts ∼ 1% at

n̄e = 0.6×1020 m−3,∼ 2% at n̄e = 1.0×1020 m−3 and∼ 7% at n̄e = 1.0×1020 m−3, compared

to raytracing calculations with collisional SOL which predicted that as much as ∼ 35%, ∼ 75%

and ∼ 80% are lost at the same respective densities.

Remarkably LHEAF simulations were found to reproduce qualitatively well the experimen-

tally observed steep drop in HXR emissivity even though most of the power is absorbed in the

core region by ELD. This phenomenon may be explained by the combined effect of an n‖ up-

shift due to fullwave effects and radial diffusion of fast electrons. Inspection of the wave fields

in Fig. 3 suggests that short wavelength structures (i.e. n‖ upshift) occur due to the wave field

diffraction and focusing in the region close to the separatrix resulting in power absorption in the

periphery of the plasma (bottom of Fig. 3). In such a region even a small amount of radial diffu-

sion is sufficient for the fast electrons to be lost (Drr ∼ 0.01−0.1 m2/s in these simulations) [8].

The wave field diffraction and focusing can only be described by means of a fullwave treatment

of the problem. The resulting physical picture is rather different from the one developed pre-

viously using raytracing codes which needs to rely on a strongly collisional SOL to reproduce

the experimental results. Although this result does not exclude in itself the role of parasitic SOL

power loss, it is important that the experimental trends can be reproduced to a large degree with-

out invoking such mechanisms. The implications of this result are profound and suggest that the

key to improve the LHCD performance at high density is to operate at higher plasma tempera-

tures and to push the power deposition profile inward to avoid prompt loss of fast electrons.
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