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Abstract

In neutral beam injection (NBI) heated plasmas of Compact Helical System (CHS),

sawtooth oscillations are often excited. Particle and heat pulses produced by the saw-

tooth oscillations modify electron temperature Te, electron density ne, plasma potential

Vs profiles near the edge of r/〈a〉 � 0.9 − 1.0 and enhance the fluctuation levels there.

Turbulent particle fluxes induced by electrostatic fluctuations Γturb at r/〈a〉 � 0.94 are

transiently enhanced inward by the particle and heat pulses. This large inward particle

flux correlates with the positive shear of the radial electric field E ′
r (� 1×106Vm−2). The

inward flux is connected to the change in the phase between electron density and poloidal

electric field fluctuations.

Introduction

Particle and energy transport near the plasma edge of toroidal plasmas always exceeds

the neoclassical transport based on binary Coulomb collisions. There is a broad consen-

sus that this anomalous transport near the edge is caused by various types of plasma

fluctuations. The fluctuations are divided into two kinds of fluctuations, that is, one is

electrostatic fluctuations and the other electromagnetic ones. In tokamak and stellara-

tor plasmas, electrostatic fluctuations usually dominate the particle and energy transport

near the edge. On the other hand, it is well known in several tokamaks that the particle

and heat pulses produced by the sawtooth oscillations modulate the edge plasma param-

eters and often trigger the improved plasma confinement regime called H-mode. In this

paper, we focus on discussing the turbulent fluctuations and particle transport near the

edge during the sawtooth oscillations.



Using a Langmuir probe array, edge plasma turbulence study are carried out in the

CHS heliotron/torsatron. The Langmuir probe array consists of 4 sets of a triple probe

which are separated radially[1]. Each triple probe set has 4 molybdenum electrodes. Radial

profiles of time-averaged plasma parameters such as electron temperature Te, electron

density ne, plasma potential Vs are measured by 4 set probes for one discharge. Floating

potentials are measured by two electrodes in each probe set, which are separated by

4.5 mm in the poloidal direction. Fluctuations of poloidal electric field Ẽθ are derived

from these floating potentials. Here, fluctuations of electron temperature T̃e are ignored.

This assumption may be plausible since the effect of T̃e on particle transport is very

small in edge plasmas of tokamaks and stellarators[2]. The turbulent flux is expressed as

Γturb = (2/Bt)
∫ ∞
0

γneEθ
cosαneEθ

[PnePEθ
]1/2df , where the Bt, γ, α, P and f are toroidal

magnetic field, coherence, phase, power spectrum density, and frequency, respectively.

Therefore, the flux is reduced by suppression of turbulence, decorrelation of ñe and Ẽθ or

change of relative phase between them, but inward flux is only realized by the change in

the relative phase between both fluctuations.

Change of edge turbulence by sawtooth-induced particle and heat pulses

Sawtooth oscillations are often observed in CHS[3−5]. Time evolution of soft X-ray

intensity during the sawtooth oscillations is shown in Fig.1 with toroidal magnetic field

Bt = 1.4 T, averaged electron density n̄e = 1.4× 1019 m−3, absorbed NBI heating power

PNBI ∼ 0.5 MW. Edge plasma parameters Te, ne, Vs and their fluctuation levels are
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Figure 1: Time evolutions of the soft X-ray intensity Isx at r/〈a〉 = 0.14, 0.25, 0.35 and
0.46 during the sawtooth oscillations, together with ion saturation current at r/〈a〉 =
0.91, 0.94, 0.97 and 1.00

enhanced by the sawtooth crash. The turbulent particle flux Γturb averaged over 2 ms

just before and after a sawtooth crash is shown in Fig.2 together with their frequency
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Figure 2: Frequency components of Γturb at r/〈a〉 = 0.94 just before (dotted curve) and
after (solid curve) sawtooth crash, where these results are obtained in the time windows
of 118 - 120 ms and 123 - 125 ms in the shot shown in Fig.1 The change in cos(αneEθ

)
leads to the inward particle flux.

components. The change in cos(αneEθ
) leads to the inward particle flux, though γneEθ

is almost unchanged and the spectral powers of ne and Eθ are enhanced. This effect

has a possibility of leading to the improved plasma confinement regime such as H-mode,

although the improved regime is not observed in this experimental campaign, so far.

Time evolution of radial electric field shear E ′
r and Γturb during one period of a saw-

tooth oscillation is shown in Fig.3. This large inward particle flux seems to correlate

with the positive shear of the radial electric field E ′
r (� 1 × 106Vm−2). This relationship

between E ′
r and inward fluxes are consistent with the previously obtained results in NBI

heated plasmas with and without edge electron cyclotron resonance heating on CHS[6,7].

A promising candidate mechanism for the reversal of the particle transport is the decor-

relation of fluctuations by E × B velocity shear or the radial electric field shear. Many

experiments and theories are dedicated for clarifying the relationship between transport

reduction and E×B shear effect. However, only Ware’s theory discussed the relationship

between E ′
r and the cross phase of fluctuations[8,9]
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Figure 3: Time evolution of Γturb and E ′
r at r/〈a〉 = 0.94 during one period of a sawtooth

oscillation. Γturb directs inward in E ′
r � 1× 106 Vm−2.

Summary

Particle and heat pulses produced by a sawtooth crash modify the radial profiles of

electron temperature Te, electron density ne and plasma potential Vs near the edge of

r/〈a〉 � 0.9 − 1.0, and enhance the fluctuation levels there. Turbulent particle flux

induced by electrostatic fluctuations Γturb is transiently enhanced inward by the particle

and heat pulses at a particular radial location of r/〈a〉 � 0.94. This large inward particle

flux correlates with the positive shear of the radial electric field E ′
r (� 1×106Vm−2). This

relationship between E ′
r and the inward flux is consistent with the previously obtained

results in NBI heated plasmas with and without edge electron cyclotron resonance heating

on CHS. The inward flux is connected to the change in the phase between electron density

and poloidal electric field fluctuations. This phenomenon induced by a sawtooth crash

might lead to the transport reduction near the plasma edge.
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