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MotivationMotivation

Anomalous transport of electron energy in tokamaks is still an outstanding

issue

For a long time, the ETG mode was not considered a possible explanation

because of the low mixing-length estimate of electron thermal conductivity
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However, recent non-linear numerical simulations of short-scale

turbulence in tokamaks have indicated the the ETG mode could drive

levels of transport significantly larger than the mixing-length estimate

The primary goal of both experiments was to find a direct experimental

proof of the existence of an electron gyro-scale turbulence driven by the

electron temperature gradient in tokamak plasmas
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Experimental SetupExperimental Setup

The PPPL experiment was performed on the National Spherical Torus Experiment

Use of High Harmonic Fast Wave heating (30

MHz, 3 MW) – best available tool on NSTX for

producing high Te with steep gradients

The IOFFE experiment was performed on the FT-2 tokamak

R=0.55 m, A=7,  =1.0

B=2.7 T, I < 50 kA,

ne< 7x1019 m-3,Te< 0.6 keV,Ti< 0.3 keV

R=0.85 m, A=1.3,  =2.0,

B=0.55 T, I = 750 kA,

ne< 2x1019 m-3,Te< 6.0 keV, Ti < 1.0 keV

Use of Lower Hybrid heating (920 MHz, 100

kW) for studying the evolution of turbulence
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On NSTX, turbulent fluctuations were measured

with coherent scatering of 280 GHz waves

Diagnostic ToolsDiagnostic Tools

    r = ±2.5 cm  and  k = ±1 cm-1

The scattering geometry takes advantage of the

anisotropy of plasma fluctuations (k >>k||~1/qR)

and the curvature of magnetic field lines to

obtain a resolution of

On FT-2, turbulent fluctuations were measured

with enhanced backscattering (ES) near the

Upper Hybrid Resonance (53-69 GHz)

Use of correlation techniques (CES) for

improving the kr-resolution of ES

Scattering Geometry
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High-k fluctuations have been observed in the plasma core (r/a~0.3) with wave
numbers in the range k e =0.2-0.4 (k s =8.5-17, k i =8-10)

High-k High-k Turbulent Fluctuations on NSTXTurbulent Fluctuations on NSTX

Dependence on scale of Te Agreement with predictions of GS2 code
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High-k High-k Turbulent Fluctuations on NSTXTurbulent Fluctuations on NSTX

Fluctuations were also detected on the plasma outer region (r/a~0.6), with wave
numbers in the range k e =0.08-0.2  (k s =k i =3.5-8.5)

Again, fluctuations coincide with the

gradient of Te being larger than the

critical gradient
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Power Spectrum on NSTXPower Spectrum on NSTX

At both radial locations, the plasma density fluctuation seems to follow a power

law

Also, k sk =1-2, with sk=c/ pe= e / e    the collisionless skin depth

This would imply the mixing-length estimate of thermal conductivity varying like

1/ne

1/2
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Effect of negative magnetic shear on turbulenceEffect of negative magnetic shear on turbulence

A strong negative magnetic shear was obtained with

the RF heating (3 MW) starting early in the plasma

pulse when current penetration was not complete

The suppression of turbulent fluctuations agrees with results of the GS2 code,

predicting complete stabilization of the ETG mode

The suppression of turbulent fluctuations coincides

with the formation of a very large temperature

gradient at the location of measurement – transport

barrier?
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Results indicate the existence of turbulent fluctuations with an electron

gyro-scale in NSTX

Large values of k i, a phase propagation along the electron diamagnetic

direction and a strong correlation with the gradient of Te rule out the ITG

mode as the source of turbulence

Agreement with the predictions of the linear gyrokinetic GS2 code supports

the conjecture that the observed turbulence is driven by the electron

temperature gradient

The suppression of fluctuations by negative magnetic shear coincides with

the formation of an internal transport barrier

This could be interpreted as evidence of the role played by the ETG

turbulence on plasma transport. However, additional experiments together

with nonlinear numerical simulations of turbulence (in progress) are needed

before reaching any definite conclusion

ConclusionsConclusions
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