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Abstract: The anomalous part i cle transpo r t in ohmic deute r ium and hydr ogen 
discharges is investigated by scans of the plasma current , density and 
toroidal magnetic field. At smaller current or larger ion mass more peaked 
density profiles are found . The flux- surface-averaged transport is analysed 
by computer simulations. It is shown that the inward drift velocity is 
i ndependent of the poloidal and toroidal magnetic field and the ion mass 
number but inversely depends on the density and electron temperature. 

, Empirical scaling relations for the electron heat diffusivity and the 
diffusion coefficient are also presented . 

Introduction: Anomalous diffusion and inward drift in ohm1cally heated 
(double null divertor) discharges are investigated in the ASDEX tokamak by 
extensive parameter studies . For deuterium and hydrogen plasmas the vari­
ation of the density profile ~ith plasma current Ip , toroidal magnetic f i eld 
Be and line-averaged density ne is explored . Several series of discharges 
are studied in which only one of t hese parameters has been scanned . I n all 
cases , data measured during long curren t and density plateuus are analysed . 

Di agnos t ics : The electron density ne is measur ed by a multichannel HCN-lase r 
inte r ferometer /1/ working a t a wavelength of 337 pm . Figure 1 shows the 
arrangement of the viewing chords with respect to the ASDEX plasma . The 
electron density pr ofile ne(r) is constructed by a fit procedure for the 
measured line densities of the horizontal channels. A modified parabola of 
t he form ne(r) • ne(O) [1 - (r/a)f.l]C< describes the profile inside the 
separatrlx while an exponential func t ion with a typical decay l ength of 2 cm 
is used outside . For the rather smooth profiles found in ohmically heated 
discharges, this method yields good accuracy . 

The electron temperature Te is derived from the extraordinary mode of the 
second harmonic of the electron cyclo t ron emission (EC.,;) from the plasma . 
Its intensity is regis t ered by a four - channel polychromator , constructed to 
observe simultaneously four slightly different wavelengths between 2 . 0 ~ A~ 
3.0 mm corresponding to four radial positions in the plasma about 6 - 8 cm 
a part from one another. The complete Te profile can be established by a 
sequence of at least two identical discharges with properly varied wave 
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length settings of the polychromator . For details of the ECE diagnostic 
employed see e . g . Ref . /2/ . 

Analysis of the particle transport by computer modell ing: The steady-state 
particle balance equation with anomalous outward diffusion and anomalous 
inward convection r eads 

(I) 

where ri is the flux density due to ionization of cold atoms which mainly 
takes place near the plasma edge . 
The experiments are simulated with the BALDUR transport code /3,4/ . For 
deuterium and hydrogen plasmas the computations fi t the measured ne(r) and 
Te(r), the central ion temperature Ti(O) from CX dJagnostics and the 
poloidal beta llp from the diamagnetic loop. The following expressions for 
the electron heat diffusivity Xe and the diffusiou coefficient D are to be 
used for best fits in ohmi cally heated plasmas: 

D(r) • 0.2 X~(r), (3) 

\Jhere Be is in kG, ne is in cm- 3 and Te is in keV. Ai de'lotes the ion mass 
number . Note that the ion mass dependence given holds under pure deuterium 
and hydrogen plasma conditions after glow- discharge cleaning . The ion heat 
diffusivity Xi used is one time the neoclassical values according to Chang 
and Hinton. For the anomalous inward drift velocity vin • y(r/rw)2 is 
applied instead of the Ware pinch . Y is a factor whose parameter d~pendences 
are investigated by scanning lp and ne, and rw is the wall radius (r,_ • 49 
cm). As illustrated by Fig . 2 , this model yields the measured profile 
variation, characterized by ne(O)/<ne>, on Ip , where <ne> is the volume­
averaged density. For deuterium vin ~ - 550 (r/rw)2 cm s-1 is used while for 
hydrogen vin • - 710 (r/rw)2 cm s-1 is applied. The inward drift velocity is 
found to be independent of the plasma current. In Figs . 3 and 4 , examples of 
computed density and temperature profiles from these scans are compared with 
the measured r esults for deu t eri um and hydrogen, respectively. 

Results of the density scan are presented in Fig . 5. For a given electron 
temperature the inward drift exhibits an inve rse ne sc.1ling . Scanning the 
toroidal magnet ic field (see Fig. 6) yields a weuk rise of the me.1sured 
ne(O)/<ne> values with increasing Be which is ascribed to the variation of 
t he q=1 radius . These scans show that vin is independent of the poloidal 
magnetic field Bp, Be and Ai but it depends inversely on ne and Te . Equa­
tions (2) and (3J and Bc/q = R0 Bp/r yield 

vin(r) "- Ail/2 1 D(r) Bp(r)- f(r) (4) 

independently of Be, ne and Te . Smaller currents and ldrger ion mass corre­
spond to higher lvini/D , i . e . more peaked density profiles, ln agreement 
with the measurertents. The vin scaling given b)" Eq . (4) differs from the 
previously used relation vin/D = - 2a r /a2 with a being a constant . An 
explicit dependence of Xe• D and vin on Zeff was not identified in the 
scans . 
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~ Cross - section of the 
ASDEX device, showing the viewing 
chords of the HCN-l3ser interferome­
ter (solid lines) and ECE diagnostics 
(dashed line) . 
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Fig. 5 : Heasured and computed ne(O)/<ne> 
~i\e (Ip = 420 kA, Bt a 2.18 T) . 

~ Measured de ns ity (dashed curve) and electron temper ature 
(c ircles ) profiles compared with computed results (solid curves , 
lp • 320 kA and deut erium plasma) . 
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Fig. 4: As in Fig. 3, but Ip 
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~ Heasured ne (0) /<ne> ver s us qa by 
scanning the t oroidal magne t ic fie ld 
(IP = 380 kA). 

350 kA and hydrogen plasma . 


