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Observation of Hole-Clump Pair
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Previous research of TAE burst in LHD
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O The toroidal Alfvén eigenmodes (TAE) was
investigated in LHD using E//B-NPA.

O The magnetic fluctuations of the TAE bursts are
observed in the low magnetic field experiments.

O By the E//B-NPA measurement, clump and hole
creations were observed.

O From the slowing down time analysis, the
location of each orbit was identified.

O Simultaneous observation of clump and hole

formations reveal the enhanced radial transport
of energetic particles in plasma by TAE bursts.
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E//B-N PA Diagnostic for EP measurement
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Upgrade of the E//B-NPA
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’-----

Neutron effect on E//B-NPA

We also upgrade in order to reduce the effect of neutrons to the E//B-NPA.
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E//B-NPA line of sight
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E//B-NPA can measure the energetic particles
injected by NBI-#1 or #3.

The neutral distribution is important because
NPA measures the charge exchanged particles.
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Experimental conditions of the TAE bursts

The TAE bursts are observed in experiment with the low magnetic field.
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Frequency (kHz)

Torcidal angle (deg.)

Toroidal and Poloidal mode analysis
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According to the calculated shear Alfven
spectrum, the location of the mode
coupling is considered to be around
p=0.4-0.5, with m=1 and m=2.
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Investigation of the magnetic probes
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Conditional averaging of E//B-NPA AT’

Energy (keV)

The energetic particles successfully observed
with high time resolution. However, the count
is not enough for the detailed discussion.
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By the conditional average, the shape of the clump
clearly obtained during and after the TAE bursts.

The initial energy is 150 keV, which is less
than beam injection energy of 180 keV.
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The energy of Al and v,

Al increased after the peak of the
magnetic fluctuation. The delay is
approximately 0.1-0.3 ms.
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The energy of Al and v,

Al increased after the peak of the
magnetic fluctuation. The delay is
approximately 0.1-0.3 ms.
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E//B-NPA AI" with Alfven velocity
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The upgraded high time resolution E//B-NPA enable us to measure the details
during the TAE bursts.
Fine time steps also allow more accurate conditional averaging.
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Conditional averaging of E//B-NPA AT’

T

0~10 (a.u.) Here, we divided into three groups by
-200 ~ 800 (a.u.) the amplitudes of the TAE fluctuations,
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The energy spectrum of the observed clump
is wider at the higher amplitude of the TAE
bursts case. The energy range of the
magnetic fluctuations are also wide.
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The observed hole of E//B-NPA AT
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Slowing down after the TAE bursts
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Decreased Al indicates the orbit shift to the
out of line of sight. We can only measure the
particles which charge exchanged at along the
line of sight. Therefore, if the clump scattered,
AT should be decreased.

Decreasing of the energy indicates the energy
Time: (ms) slowing down. The slowing down time is 5.5-
6.0 ms.
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Summary

1 In order to investigate the TAE bursts in more detail, the E//B-
NPA was upgraded.

[ The time resolution was improved up to 100 kilo sampling per
second.

1 During the TAE bursts, the clump and the hole were observed
in the similar energy with the phase velocity of v,=v,.

[0 The time delay of the clump detection from the peak
amplitude of the magnetic fluctuation is 0.1-0.3 ms.
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Slowing down after the TAE burst

Test results of the orbit trace code lorbit
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Toroidal Alfvén Eigenmode (TAE)
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Simulation by TASK/FP

Energy distributions of the energetic particles calculated by Fokker Planck simulation
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Simulation by TASK/FP
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