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The transport phenomena by electrons and ions in the magnetic field are important for the
plasma confinement in toroidal magnetic configurations. This study is on the heat transport by
clectrons in the plasma confined in CHS (Compact Helical System) which employs a toroidal
helical magnetic configurations. The plasma is produced and heated by the fundamental electron
cyclotron resonance heating(ECH) using a high power microwave 100KW at 53.2GHz.

The microwave from the gyrotron is injected into CHS plasma from the low magnetic field side.
For the normal ECH experiment in CHS, the plasma is not optically thick enough to absorb the
heating power completely during one passage of the launched wave. In the plasma the local heat
diffusivity at a certain radius is evaluated by the ratio of the total absorbed power within the radius
to the local temperature gradient.

From this view point, the power absorption profile plays a very important role not only in the
hcating study butalso in the transport one. In these experiments the estimation of the power
absorption profile by electrons is extensively studied to understand the heating mechanism and the
diffusive processes in the optically thin, ECH plasma.

In order to estimate the local power deposition, the ECH power is modulated and the change in
the clectron temperature associated with the modulation is studied. The second harmonicclectron
cyclotron emission (ECE) is observed to measure the local electron temperature by means of multi-
channel heterodyne radiometer. The power balance analysis is applied to ECE data for each
channel. The analysis assumes that the heating power is absorbed by electrons in the plasma and
is diffused away from the deposited region by the diffusion processes, the convection losses and
the relaxation with ions. Because the change in the electron density is considerably slow er than
that in the temperature, the absorbed power by electrons is determined from the temporal change in
the electron temperature. To estimate the real value of the absorbed power, the time interval of the
power balance analysis must be short enough to neglect the effect of the diffusive term. On the
other hand, from the statistical point of view, the short time interval reduces the amount of data
and increases the ambiguity in the analysis. To increase the amount of data, the modulated ECE
data of every cycle (the electron temperature) are superposed in phase with the modulation of the
gyrotron power during the steady state of the plasma. The statistical treatment of the obtained data
is introduced to figure out the confidence interval of the absorbed power.

The analyses are examined for various time intervals to determine the optimum time interval that
is short enough to reject the diffusive effect and is long enough to determine the power absorption
correctly. The time interval of 0. 15 ms used is found to be valid for this study, because itis
much shorter than the characteristic time scale, 'adiabatic time' in which plasmaloses the energy
due to the diffusion. The typical values of this 'adiabatic time' are of the order of milli second in
the almost whole region of the plasma.

The ray tracing code is used generally to calculate the power deposition profile of the plasma for
ECH cxpceriment. This code gives the local deposition profile for the first passage of the ECH
wave. However, the power of the microwave is absorbed partially through the first passage in
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the plasma, which is optically thin, and the residual wave is reflected at the vessel wall. When the
microwave is reflected, the polarization and the direction are changed. Therefore; the reflected

wave interacts with electrons in the whole region of the plasma. In this way, the cyclotron

absorption occurs everywhere in the plasma. The 'multi-reflection’ model is introduced to predict
the power deposition profile for the optically thin plasma. The probability of the resonance at a

certain radius depends on the total amount of the resonance area in the plasma column and on the

optical depth for each radius. In the model employed in this study, the absorption of ECH power

is scparated by two terms. The absorption by the first passage of the microw ave is calculated by

the ray tracing code and the remaining power is deposited in the whole region obeying the

probability determined by the resonance area and the optical depth as described above. Both the

ordinary and the extraordinary modes are absorbed by the cyclotron resonance,
$0 that the mode conversion and the mode mixing effects at the vessel wall are not distinguished in
the model. The power deposition profile calculated by this model can explain well the
experimentally obtained power deposition profile.

In addition, the polarization of the injecting microwave is varied from the ordinary mode to
extraordinary mode to confirm the accuracy of the 'multi-reflection' model. The profile of the
electron temperature changes from the sharp shape to the broad one for the change of the
polarization from the ordinary mode to the extraordinary one. The theoretical calculation used
above can also explain these experimental results. The confidence intervals of 90% obtained from
the local analysis that is done for each ECE channel independently include the results of the 'multi-
reflection' model for all polarization cases.

In conclusion, by integrating the power deposition profile of the model, the total power
absorbed by the multi-reflection becomes about 40% of the total input power for the ordinary
mode injection case.The electron thermal diffusivity is derived by using the power deposition
profile of the 'multi-reflection' model. The accuarcy in the estimation of the thermal diffusivity is
also studied taking into account of the error in the estimation for the absorbed power and for the
electron pressure gradient. The mean value becomes in the order of rn2/s and is consistent with

other results for ECH experiment in CHS.
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