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Electron Cyclotron Current Drive (ECCD) experiments on the DIII-D tokamak have 
been performed using 60 GHz waves launched from the high field side of the torus. Preliminary 
analysis indicates rf driven currents between 50 and 100 kA in discharges with total plasma 
currents between 200 and 500 kA. These are the first ECCD experiments with strong first pass 
absorption, localized deposition of the rf power, and 7£ much longer than the slowing-down 
time of the rf generated current carriers. The experimentally measured profiles for T c , n e 

and Ztfr are used as input for a ID transport code and a multiple-ray, 3D ray tracing code. 
Comparisions with theory and assessment of the influence of the residual electric field, using 
a Fokker-Planck code, are in prepress. The ECH power levels were between 1 and 1.5 MW 
with pulse lengths of about 500 msec. 

ECCD experiments1 worldwide are motivated by issues relating to the physics and tech­
nical advantages of the use of high frequency rf waves to drive localized currents.2 ECCD is 
accomplished by preferentially heating electrons moving in one toroidal direction, reducing 
their collisionality and thereby producing a non-inductively driven toroidal current.3 

The poloidal cross section for a typical discharge used in these experiments is shown in 
Fig. 1. These discharges are limited on the inside wall, with the ECH fundamental resonance 
(Bj- = 2.14 T) located at A „ = 1.6 m and the magnetic center located between 1.55 m 
< Jitr. < 1.60 m. Diagnostics consist of: a) radial electron cyclotron emission (ECE) for 
TC(T), b) COj interferometry for n,(r) and c) visible bremsstrahlung for Z^t[r). 
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The launching hardware, located on the inside wall at z = +13 cm, consists of 8 sub-
reflectors aimed at +15° and one aimed at +30°. These angles are relative to perpendicular 
injection along the major radium and w + " indicates a direction such as to drive an rf current 
parallel to Ip. The experimental antenna pattern is approximately a Gaussian beam with a 
10° 1/e half-width. 

METHODS OF ANALYSIS 

For all discharges, the total toroidal current was held constant by using the constant 

Ip feedback circuit. As a result of the ECH, the loop voltage is reduced below its Ohmic 

value during rf injection by two concurrent processes. The first is a reduction of the global 

resistance of the plasma, which results as the thermal electron temperature increases, and the 

second is the presence of rf current drive. 

Since a small inductive voltage remains during the rf phase, a two step process is applied 

in order to calculate Jrf. First the global change in the resistance of the plasma during the 

rf phase is quantified by measuring changes in T« and 2«ff. With Ip fixed, this procedure 

is equivalent to determining the inductive voltage necessary to drive all the toroidal current 

during the rf phase. Differences between this calculation and the measured loop voltage are 

then attributed to the presence of an rf driven current. 

Combining the steady-state circuit equation during the rf phase, Ip = [V|(ezp)/J£(r/)] 

+Irf, with that of the Ohmic phase, Ip = Vi(oh)/R(oh), we get: 

where V<(exp) is the experimental loop voltage and R is the plasma resistance. By setting lr; 
= 0 in Eq. (1), we can determine the inductive voltage that would be necessary during the 
rf phase to drive all the toroidal current: V' = V|(o/i) \R(rf)/R(oh)). Combining this with 
Eq. (1) gives the desired equation for 1^: 

w,pzg&al] . (2) 

EXPERIMENTAL RESULTS 

Figure 2 shows the time history for discharge #65218: plasma current (Ip), 75CH power, 
loop voltage, central electron temperature, line averaged electron density, magnetic center 
(Rm), and the first time derivative of the sum of currents flowing in the Ohmic and equilibrium 
field coils. The loop voltage is proportional to the last signal. The discharge has obtained a 
"stationary state" since all quantities have stopped evolving by t = 2200 ms. 



As defined, Vja is the inductive voltage necessary to drive ail the plasma current during 
tre rf phase. This is calculated by a ID transport code 4 using as inputs the experimental 
measurements of Ip and the radial profiles for T«(r), t»«(r) and Z«n(r). The profile data is 
used to calculate the plasma's global resistance. Bootstrap current, less than 10% of the total 
current, is included in the code calculations. The transport code calculates V' = 0.7 V in 
the Ohmic phase, within 5% of the experimental value, and Vj" = 0.4 V during rf injection. 
During the rf phase, V,(exp) = 0.33, thus E<j. (2) gives J r f = 70 kA. 

A 3D, ray tracing code6 is used to study the ray trajectories and determine the first pass 
absorbed power. The launched radiation pattern is represent by 30 rays, and the resulting 
trajectories in the poloidal plane are shown in Fig. 3. Over 99% of the incident power is 
absorbed and deposited on the inboard side of the resonance. Of the rays that are not fully 
absorbed, their first pass attenuation averages about 98%. 

Using the same experimental profiles and an electric field of 0.03 V /m, a bounce-averaged 
Fokker-Planck (F.P) code" calculates /rf(F.P.) = 95 kA. The influence of the electric field and 
a comparision with theory are presently being evaluated. The code indicates that damping 
takes place near 2utr». The slowing down time, or thennalization time for these energetic 
electrons (T, ~ 1 msec) is such that they should completely thermalize before being lost, 
TC ~ 35 msec. The F.P. ECH power deposition profile, Fig. 4(b), compares well with that 
calculated by the ray tracing code, Fig. 3(b). 

The Fokker-Planck code's prediction of the horizontal ECE spectrum is compared to the 
experimental measurement in Fig. 4. Distortion of the electron distribution is confined to the 
central l/3rd of the profile, and is characterized by an average perpendicular temperature of 
about 15 keV. The strong non-thermal ECE emission at large radii is the result of relativis-
tically downshifted 2nd harmonic emission from the centrally localized energetic electrons. 
The absence of agreement in the range of 0.6 < r/a < 0.8 is consistent with downshifted 3rd 
harmonic emission from energetic electrons near the edge of the profile. This suggests that 
radial transport of these electrons from the core is an important aspect of these discharges, a 
physics issue not accounted for by the F.P. calculations. 
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Fig. 1. Poloidal cross section for discharge 
#65218 at 2370 msec. 
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Fig. 2. Time evolution for discharge #65218. 



U ) c . 

59.0i 

J. 0.0 

(a) 

-59.0 
1.0 2.0 1.6 

R(m) p 

Fig. 3. (a) Ray trajectories, and (b) ECH deposition profile from ray tracing code for discharge 
#65218 at 2370 msec. 
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Fig. 4. (*) T r a J (p ) from ECE and Fokker-Planck code, (b) ECH deposition profile from Fokker-
Planck code, and (c) computed distribution function at p = 0.32, momenta normalized to 
(m.T.)">. 
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