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Abstract. Local transport of divertor plasmas in the Land H regimes is 
analyzed by a prediction code. In the L regime two types of discharges with 
different local confinement are distinguished and studied. It is found that 
the observed decrease of the 'E with increasing neutral injection power is 
due to an enhancement of the electron heat diffusivi ty. In L discharges 
with B « I there are i ndications that transpor t results from drHt-wave 
turbul~nce , while for Bp ~ I pressure- driven modes could be involved. With 
I ~ 300 and ~80 kA transport in the H phase is characterized by flat Xe ~ 2 
tg 3 x 104 cm s- I, D - 0.2 X and neoclassical Xi ' The observed improvement 
of lE and 'p compared with t~e L phase is due to a reduction of X£ and D 
by a factor of two in the whole plasma. The diffusivities Xe and D in Land 
H discharges do not depend on density and decrease with increasing plasma 
current. 

Introduction. As in divertor discharges in ASDEX very clean plasmas have 
been achieved with ohmic (OH) and neutral injection (NI) heating /1/ . they 
are particularly suitable for studying particle and energy transport . With 
neutral-beam injection two types of discharges with different confinement 
behaviour denoted as L ( low Bp) and H (high Bp) have been found in ASOEX /2/ . 
Local transport analysis is preferable to the study of global confinement 
times. since it is more selective with respect to the type of theo r y to be 
adopted. Thus , our main objectivp,s are to investigate local transport in the 
Land H regimes and to f ind the scaling laws of the diffusion coefficient 0 
and of the thermal diffusivities of electrons and ions Xe and Xi' The com­
puter s imulations are carried out with modified versions (BALDI09R) /3/ of 
the BALOUR prediction transport code . 

Local transport in L discharges . Extensive studies of L discharges have 
shown that larger Xe values are obtained by reducing the plasma current (Ip) 
and by increasing the beam power (PNI). Local transport is found to change 
from flat xe(r) And 0 - 0.2 Xe (LI type) to steep Xeir) ~nd flat OCr) (LII 
type), if Xe is raised above a value of about 5 x 10 cm s-I. 
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The results obtained in an earlier work /3/ (Ll type) have been confirmed 
by a series of L discharges with I = 380 kA, B

t 
- 1.9 T and n = 2 . 7 x 

10 13 cm- 3, in which PN1 was scanneH. Hydrogen is injected tan~~n tial ly into 
a deuterium t arget with co- beam powe r PN! between 0.3 and 2 . 5 MW . Compared 
with OH plasmas there is a change in sea ing, which sugges t s that a dif­
ferent transport mechanism is present wi th NI /3/. The enhanced diffusivities 
with NI appear and disappear with t i me delays relative to the beginning and 
end of NI and are found to be cor r elated with ne = cl In Te/cl In ne. which 
is an important parameter fo r collisionless drift instabilities. 

In both the ohmic ayd L phases the ve l ocity of the anoma l ous inward flux 
V· • 245 r/r w cms- 131 with wall radius rw c 49 cm and wi thout Ware pinch 
i~nconsis t ent with the experimenta l da t a. Good agreement with measured ne(r) , 
Te(r) , Ti (o , t) , TE and Bp(t) is reached , if flat xe(r), D = 0 . 2 X and I to 
3 times neoc l assical Xi values are applied. The increase of t he hgmogeneous 
Xe in the r ange r q~ l < r < 0 . 9a wi th PN1 is shown in Fig. I . The c i rcles 
result from s i mulatlons, while the crosses are X (a) values derived from t he 
experimental variation of rE with PNI by assumin~ TE(a)- I/xe(a) . Obviously, 
the observed decrease of rE with increasing PNI is due to enhanced electron 
heat diffusivities. 
Even at the smallest abso rb ed beam power (Pb=0.3 ~~<POH=O.4 ~n~) the scaling 
for OH plasmas is no longer applicable . Here, Bp (c 0.3) is not raised by NI 
but the quantity ne has changed indicating thAt for B «I 
the turbulent state responsible for the enhanced X andPn is not due to 
pressure- driven modes but rather due to drift inst~bilities. 
Scanning PN1 at 300 kA can raise Xe above 5 x 104 cm2s - 1 and results in a 
transition t o t he LII regime with s teep xe(r) (see Fig . 2) . A practically 
time independent Xe profile of this shape yields the measured peaked Te( r. t) 
(s~e Fig . 3) . Agreement with measured n(r), T.{o), re and Bp is obtained for 
flat D{r) that are no longer coup led to Xe' S~ch a sltuation is indicative 
of transpor t in stochastic magnetic fields /4/. Acco~ding to this model elec­
tron therma l transport is enhanced by conduction 11 B in braided ma~netic 
fields, while mass transport remains unchanged , since it is limited by ambi­
polar potent i als . In the collisionless case of ASDEX D1Xe = vs/vT = 0 . 02 
res ults , where Vs is the ion sound speed and vTe the thermal velo~ity of 
the electrons . 
The trans i t i on to the LII regime coincides with (Bp)t t (sum of thermal and 
beam contributions) becoming la r ger than unity. Accor~lng to theory pressure­
driven modes could be involved , which are capable of produc i ng the Br-fluc­
tuations necessary for magnetic braiding. For Bp ~ I resistive balloon ing 
instabilities with high wave numbers m and n are expected to be dominant . 
These modes occur, i f the ratio S of resistive and Alfven time sca l es amounts 
to typically 105 to 106 . As the high central Te values reached in ASDEX 
correspond to S ~ 10 8, ideal pressure-driven modes are more likely. 

Local transport in H discharges . The H phase is always found to develop ~rom 
an L dlscha r ge and to return to an L phase after turning off neutral - beam 
injection . Modelling typical H discharges in double-null di vertor configur­
ation with I p = 380 kA and PN1 = 2.5 MW yields flat X = 4 . 7 x 104 cm2s- 1 
and D = 0 . 2 X during the L phase and flat X = 2 x 154 cm2s- 1 and 0 = 0 . 2 Xe 
during the H ~hase. The ion heat diffusivityeis again approximately neoc l as ­
sical. I t is found that the improvement of energy and pa r ticle confinement 
in the H regime is due to a c l ea r reduction of Xe and D over the whole plasma 
cross-section. 
Scans of ne in the H r egime show that rE and the diffusivities are indepen-
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dent of density as in L discharges. In the H regime TE ~ Ip is observed as 
. both L r eg imes . These results prove that in H discharges the transport 
10 ling of OH plasmas in not r ecovered. 
sea imulations of H discharges with 300 ~~ and 2 . 5 MW flat Xe = 3xl04 cm2s -

1 

IDdSn _ 0.2 X have to be applied in the H phase, while the X profi l e is 
an ep during ~he L phase . Here, the reduced X values in the § phase should 
~~~respond t~d~maller fluctuation levels, whilh seem to be insufficient fo r 
magnetic bral 109. 
Th se conclusions are confirmed by dischargez with Ip = 200 kA for which 
th: electron heat diffusivity exce~ds 5.x 10 cm2s- 1 ?oth in the L and in 
the H regime. Here, the correspondlng hlgher fluctuatl0n level leads to 
teep X profiles even during the H phase. The improvement of ~E in the 

~ phaseecan be explained again by the reduction of the electron thermal 
diffusivity in the whole plasma. 

conclusions. In the L regime two types of discharges LI and Lll with dif­
ferent local confinement can be distinguished. The decrease of ~e observed 
with highe r PNI is explained by increased electron heat diffusiv1ties. In 
the L regime there are indications that for Bp « I drift - wave turb11lence 
is present , while for Bp ~ I pressure- driven modes could be involved. With 
I ~ 300 and 380 kA transport in the H phase is charac t erized by flat Xe ~ 2 
tg 3 x 104 cm2s- I , 0 = 0 . 2 Xe and neoclass i cal X" Compared with L discharges 
X and D are reduced by a factor of about two in

1
the whole plasma . In both 

eRe Hand L regime X and D decrease with increasing lp, but are independent 
of n . These paraltets in scaling should reflect the influence of the satu­
raeea micro turbulent state . 
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Fig. I: Electron thermal diffusivity from simulations (circles) vs. neutral 
injection power. For comparison xe(a) (crosses) derived from TE 
scaling are shown . 
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Fig . 2 : Differen t local transport 
behaviour in the Ll (P N1 
1. 4 MW) and Ll1 regime 
(2.5 MW) shown by xe(r) . 

2.0 11'6111 

10 

r.3cm 

~ = 
~. 

~6cm 
1.1 1.2 1.3 1.k 

t [5J 

lPi'3- 11ft :UB-Il 

Fig. 3 : re(r,t) in an Lll discharge 
w1th 300 kA and 2.5 MW comp uted 
with xe(r) f r om Fig . 2 (solid 
curves) compared with EeE 
measurements (dashed curves) . 
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