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The ASDEX lower hybrid current drive experiments at 1.3 GHz have been re

evaluated in view of a new analytic model for the current drive efficiency 

in the presence of a de electric field /1/. This model is based on a per

turbation solution of the adjolnt problem to the Fokker Planck equation and 

includes the effects of a de electric field and of a finite width of the 

wave spectrum. The current drive efficiency IR~/PR~' normalized to its 

value (IR~/PR~)O at zero electric fi eld, is then given by 

1n«1 - X,)/ ( 1 - X,)) 

( 1 ) 

where XI 2. .. Cl EN u~ 2.with Cl .. 12/(Z+7), EN " E/EDr • u .. vph/v th , Eor 

meVthvo/e and 'Vo .. ne e" lnhl211" E:~ m2. v th . The indices correspond to the 

limits v hl and v h2 of the wave phase velocity spectrum. The normalized 
P P 1/2 

efficiency . equ. (1), is shown in ~ig. 1 for various values of (X2./X I ) • 

i.e. the width of the spectrum . The efficiency is seen to depend mainly on 

X2.. corresponding to the high phase velocity boundary of the spectrum. Its 

dependence on XI is rather weak. 

For the limiting situation of a very broad spectrum, XdX I -+ .... equ . (1) 

becomes nearly i ndependent of XI and can be apprOXimated as 

(2) 

In the opposite situation of a narrow spectrum with XI .. X2. .. X we get 

In the ASDEX-experiments the plasma current Ip was feedback controlled. The 

measured quantities are the net RF power PRF • the line averaged electron 

density ne ' and the rate of change of the primary current IOH in the 
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OH-transformer which is necessary to maintain a constant plasma current. 

I'OH,OH is its value just before the application of the RF-power. 

!'OH,RF its va lue during applied RF- power. Their ratio is shown in Fig. 2 

as a function of RF-power for different densities. From Thomson scatter ing 

we obtained the variation of the central electron temperature Teo as a 

function of PRF and ne' shown in Fig. 3 . Using a measured electron density 

profile we determined the accessibility cond i tion , N"acc' to the central 

region of the plasma by means of a ray tracing code . 

The plasma current can be written as the sum of an inductively driven cur

rent, for which we assume Spitzer conductivity , and an RF-driven current, 

Ip .. IInd + IRF (4) 

From our measurements the RF-driven current can be determined as 

'RF - Ip [ 1-('OH,RF/'OH , OH) ' (Te,RF/Te ,OH)' .5] (5) 

The temperature correction in th i s equation takes care of the variation of 

the Sp itzer conductivity due to additional bulk electron heating by the RF

powe r , which is obtained from Fig . 3 . The quantity X2 is calculated from 

(6 ) 

in the tunits Vim, 10 12 cm- 3, with E .. - M I OH ,RF/2lfR and M - 80 ),IH for 

ASDEX. For the current drive efficiency at zero electric field we use our 

old experimental results of reference 121 

where ),I describes the fraction of accessible power, g is the theoretical 

dependence of the 

parameter good up 

efficiency changing with N ,and 
"acc -3 

to densities of ne" ',10 13 cm 

a is a numerical fit 

In Fig. 4 we show the resul ting experimental current drive efficiencies. 

For the determination of Xl we took Z ~ 3. Comparing Figs. 1 and 4 we find 

a reasonable agreement . We should, however , not forget that the above model 

assumes homogeneous profiles for both current density and power absorption, 

complete power absorption by the fast electrons and that the central value 

calculated for vphacc is the right value to substitute for vph 2' 

We may also compare our results in the f orm of the conversion efficiency 

Pel/P RF as defined by N. Fisch and C. Karney, 13/ , where for our situation 
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Pel a - M IOH , RF IRF' Taking the theoretical zero electric field efficiency 

no .. s(u~-u~ )/ln(uz/ul) , 

where S .. 4/(Z+5), the conversion efficiency becomes 

" . o 
1nl(1 - X,)/(1-X, )1 

In(Xz/X 1 ) 

(6) 

(9) 

This is shown as the solid lines in Fig. 5 as a function X!/2 ~ 
(a/2) 1/2 ' uR2 with UR '" vph/vR and vR .. Vth /(2 EN)1/2 . We have confirmed 

that for the case of a localized spectrum, Xz/X 1 .. 1. and for Z .. 1, equ. 

(9) agrees very well with the numerical result of N. Fisch and C. Karney, 

13/ . except for the factor 2B/a which is only close to , but not exactly 

unity . We see from Fig . 5 that the conversion efficiency is significantly 

deg r ated with increasing spectrum width Xz/X 1 • 

In Fig . 5 we have also plotted Pel/PRF .. -M IOH •RF IRF/PRF for our ex

perimental pOints from Fig. 4. Taking Z - 3 these paints fit to curves in 

the range (X z/X I ) 1/2 - 16 to 32. This seems very high. However , we note 

that the empirical fit factor a in the steady state current drive effi

ciency is about a factor of two lower than estimated from theory 12/. If we 

include an absorption coefficient of .. 0.5 , as was done in the evaluat i on 

of the PLT experiments , 14/, t he pOints would fit to curves around 

(X z / X 1 )1/2 _ 4, which seems much more realistic . 
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Figures: 

1. Normalized current drive efficiency as a function of electric field. 

2 . Normalized primarY ,current rate of change as function of the RF-power . 

3. Central electron temprature with and without RF-current drive. 

4. Experimental current drive efficiency . 

5. Efficiency for conversion of HF-power into electrqmagnetic energy. 
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