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Sensitivity of Calculated Electron Cyclotron Current
Drive to Variations of Parameters Around DIII-D Tokamak
Conditions! R.W. HARVEY, CompX, Y.R. LIN-LIU, C.C. PETTY,
T.C. LUCE, R. PRATER, General Atomics — Off-axis Electron Cy-
clotron (EC) Current Drive (CD) efficiency in the DIII-D tokamak has
been observed? to exceed calculated results obtained from axisymmetric,
Fokker-Planck theory.® This study reports on calculated current result-
ing from variations of plasma parameters around the measured profiles,
to assess the differences required to bring theory into conformity with
experiment. Alternatively, and presently without a theoretical basis, the
strength of the quasilinear diffusion coefficient Dy has been varied from
theory. A factor of ~ 2 increase in Dy increases central CD by 30%
but increases mid-radius CD by a factor of 5, giving agreement between
experiment and calculation within the error bars.
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Sensitivity of Calculated Electron Cyclotron
Current Drive to Variations of Parameters
Around DIII-D Tokamak Conditions!

Poster at 1999 APS/DPP Annual Meeting, Seattle

Outline

e Off-Axis ECCD exceeding theoretical calculations has been observed
in DHI-D (Expt. = 30 kA, Theory = 7.5 kA, at p = 0.5a).

o A well-benchmarked Fokker-Planck code (CQL3D) gives the theo-
retical EC current drive.

e Examination of ray trajectory data shows that damping is occuring
on electrons with velocity in the neighborhood of vp,.

e Variation of the T,, n., and Z.;; around the nominal experimental
parameters confirms that:
==>(1) (Too) Large parameter variations would be
required to explain the observations.
(2) “Good” theoretical off-axis ECCD efficiency
is predicted at higher T,
(in case present fortuitous results don’t scale).

¢ Variation of strength of an ad hoc QL diffusion coefficient multiplier
— Factor of 2 increase in Dy, strength above theory
—> Rough agreement between expt. and calc.

e An explanation of increased “diffusion” beyond QL theory
is being explored
(large amplitude, finite spot size effects).

tR.W. Harvey, Come, Del Mar, CA,
Y.-R. Lin-Liu(GA), C.C. Petty, T.C. Luce(GA), R. Prater(GA)




DIlI-D PROGRAM HAS ESTABLISHED GA
AS A NATIONAL FUSION RESEARCH CENTER
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NORMALIZED CURRENT DRIVE EFFICIENCY DOES NOT
DROP WITH RADIUS AS EXPECTED FROM THEORY
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CQL3D: 3D Bounce-Averaged Fokker-Planck Code for ECH/LH/FW/NBI
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EXPERIMENTAL DEPENDENCE OF E IS

MODELED WELL BY CQL3D
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DIlI-D Shot Analysis with ECCD at
p/a = 0.17, 0.37, and 0.48

give nominal parameters for this study
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Zeff radial profiles (exptl.)
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Examination of ray trajectory data shows that
for p/a =~ 0.5 damping is occuring on electrons

with velocity in the neighborhood of vr..
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Minimum Res. Vel./v_te vs. pol. dist.

o

N

L)
) =)

| ' I T T [ I 1 T I I ¥ I I T 1 1
\

Min Res Velocity / v_te

2
] 3‘\/\}

LS \/\-Q

11§1|||f|!|||||||||||

0 20 40 60 80 100
poloidal dist. (cms)



Min Res Velocity / v_te
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Min Res. VelJvte vs. Power Flow
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Omega/Omega_ce vs. Power Flow
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real(polarization) vs.
——
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imag(i*Ex/Ey)

imag(polarization) vs. poloidal dist.
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Smooth Variation of the Calc’d ECCD with Profile
Varlathnwsju‘
:=>@I§:'ﬁfile Variations Cannot Explain

High Off-Axis ECCD Efficiency.




EC Current (kA)

EC Current versus Temperature
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EC Current (kA)
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EC Current versus Densﬂy, Shot 96163

250

200

—h
N
o

100

EC Current (kA)

50

0 1 2 3 4 5
Central electron density (10213/cm~3)



EC Current (kA)
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A dov
Strong Variation of ECCD Effic. with, Dy, Multiplier

(particularly at p/a ~ 0.5)
=—> (“Small”’) Refinement of QL Theory
May Explain High Off-Axis Efficiency.




EC Current versus QL Scale Factor (E dc Incl.)

200 T AR RAL AR ARAARRRE RS AR A
150+ —
< i ]
< i i
E | -
® 100 .
=3 B i
o I / ]
Q = ]
i i i
50 —
0_.....-'.’.‘ﬁE ......... | PRI Lo v on s v 0y A AT |
0 1 2 3 4 5

Dqgl Scale factor



EC Current (kA)

EC Current versus QL Scale Factor (No E_dc)
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High Power, Finite Spot Size Considerations

o If the electron stays in resonance across the EC spot on
a flux surface, the “kick” in velocity due to 2™¢ harmonic

resonance is =~ vr,.

¢ Such kicks beyond range of validity of QL theory, may in-
crease the stength of the wave-particle interaction, pos-

sibly leading to greater ECCD efficiency.

e (“Bucket” velocity space transport is obtained at even
higher powers, c.f., Nevins, Rognlien, B. Cohen, PRL,
1987).



Conclusions

e Observed high ECCD efficiency (above theory) cannot

be due to inaccuracy in exptl. plasma profiles.

e (Incidentally, substantially higher theoretical off-axis ef-

ficiency is obtained at higher temperature).

e A factor of ~ 2 ad hoc increase in Dgj, strength

—=> theory and expt. in agreement.

e Higher power refinements of the Dgj calculation are

being studied.



