
18] 

PARTICLE TRANSPORT AND SAWTOOTH ACTIVITY 
IN PELLET-FUELLED ASDEX L-MODE PLASMAS 

V. Mertens, K. Biichl, O. Gruber, M. Kaufmann. M. Kornherr, 
R. Lang, H. Murmann, W. Sandmann, K.H. Sleuer, O. Vollmer 

Max-Planck-Institut fUr Plasmaphysik, EURATOM Assoc iation, 
D-8046 Garching, Fed. Rep. of Germany 

1. Introduction 
Long-lasting enhancement of the performance of ASDEX (R = 1.65 rn, a = 0040 m) 
divertor discharges has been obtained by repetitive pellet injection. This regime is 
characterized by markedly centrally peaked eledron density profiles, reduced sawtooth 
activity, cenlral impurity radiation, enhanced density limit and improved global energy 
confinement time [11. Almost independently of the healing power maximum densities 
?f ne = 1.4· 102om-3 are attained. 
Pellet fuelling is applied with purely ohmic heating as well as with co-neutral beam 
injection (NBI) up to 2.6 MW (L-mode). The deuterium pellets, each contributing 
3·1Q19m - 3 to the volume-averaged plasma density. reach penetration depths of typically 
half the plasma radius. The investigation of diffusion coefficients D and inward p inch 
velocit ies V concentrates on discharges with carbonized walls and B t = 2.2 T, Ip = 
380 kA (q. = 2.7). 

2. Sawtooth Dynamics 
Standard gas puff-fuelled (GP) discharges in ASDEX with ohmic and co-NBI heating 
show very regu lar behaviour of the saw tooth activity. The sawtoothorepetition time nor
mally increases with density and heating power in the range between ;::::10 and 100 ms. 
The inversion (q = 1) radius and the corresponding sawtooth mixing zone shrinks with 
increasing q at the plasma boundary. The net inward motion and the correlated elec
tron profile shape depends sensitively on the details of the sawtooth dynamics. 
During pellet injection the saw teeth typically continue but their repetition time in
creases and the inversion radius shrinks culminating sometimes in the complete sup
pression of sawteeth. Figure 1 shows, for example, the time h istory of some characteri
stic plasma parameters of a 0.5 MW NBI-heated, pellet-refuelled discharge, With the 
start of pellet injection the inversion radius contracts slightly (fig . 1b), The radially 
shifting "sawtoothing zone" marks the region which is affected by the saw tooth acti
vity according to the chord-integrated soft X-radiation. This radiation is also used to 
estimate the violence of the sawtooth activity AST. After the last pellet the sawtooth 
dynamics vanishes for about 0,1 s and simultaneously there is a dramatic increase of 
the central radiation . The plasma pressure {Jp reaches its maximum during this phase. 
Parallel to the rise of the central radiation strong m=l MHO oscillations are observed 
around r ;:::: 0.07 m which disappear when the SX-radiation saturates. At t ;:::: 1.28 s 
sawtooth-like behaviour starts affecting only the radial region between r ~ 0.1 and 
0,25 m. which apparently does not hinder the accumulation of impurities [21. 



Fig. 1: Figure 0) 8how8 
the recon.structed ne-trace 
and the 8moothed n e (0), 
Te {a/ 2}, f3 p and the pro-
Jile peaking factor ne(O) j (ne) 
vs. time. Figure b) 
indicates the radial zone 
affected by sawtecth ac-
cording to SX-ray titl e 
integrals. The regions 
of dropping (-) and ri· 
sing (+) amplitude are 
separately marked. Fi. 
gure c) shows the measu-
red (b y means of in-
fra red bremsstrahlung) 
and the neodassically 
calculated radius-averaged 
ZeJ/ . q(O)neocl and the 
cwtral radiation power 
den8it" Praa (O) . 

3. Particle Transport 
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Pellet injection gives rise to strong peaking of the electron density profile also inside the 
deposition radius of the pellet particles and the neutrals (fig. 2). With GP only and 
with normal sawtooth activity, the peaking factor n~(O)/(ne) is below 1.5 and depends 
little on the total input power Pt o! (fig. 3). When the sawteeth disappear in ohmic 
discharges, the peaking factor rises to 2. The highest peaking of about 2.6 was reached 
in sawtooth free OH phases after pellet injection. With auxiliary heating, the peaking 
parameter is gradually reduced from 2.6 to 1.6 if one compares the peaking at the end 
of repetitive pellet injection; but if the sawteeth are complete ly vanished , a maximum 
peaking of ~2.5 is observed after the last pellet also with strong NB! heat in.g. These 
profile changes reflect an alteration of the particle transport properties. In parallel the 
electron temperature profile shape is not changed by the pellet injection [31. 
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Fig. 2: Volume average normalized density profiles lor a standard sawtoothing GP L· 
mode (aJ, sawtooth frer. GP OH (6), sawtooth free pe/{et L-mode (e) and sawtooth fre e 
pellet OH discharge (dJ. 

Fig. 9: Density profile ptaking factor ne(O)/{ne) as a function of Pj ot of pellet and GP 
n+ discharges. 

If we describe the electron 8ux by the ansatz re = - D . Vne + V . nCl we consequently 
find - during nearly stationary saw tooth free density phases - an increase of the ratio of 
the inward velocity to the diffusion coefficient IV / DI in the inner half of the plasma of 
the order of 50 % when comparing pellet-fuelled OH discharges with the corresponding 
GP case. 
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Fig" 4: Density evolution measured by ThomlJon scattering a} and calculated b) afler 
pellet iniection. The time between each profile is ::::;: 17 ms. The electron flux re 
deduced from the measured profiles is averaged over the whole time interval of 120 ms. 
The electron flux rh'B! reflects the electron source due to the NB!. The normalized 
radial dependence of the model transport coefficients is plotted in figure b). 
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Since separate information on V and 0 can be gained from the analys is of dynamic 
phases , we investigated a number of sawtooth free post pellet phases where the electron 
profile develops from a relatively broad shape to a peaked one using a 1-0 particle 
transport model. These profile changes happen typically on a t ime scale of 80 to 
150 InS. The inquiry covers a density range from fie = 5 ·1019m -3 to 1.2 ·102om-3. 

Figure 4 compares t he density evolution measured by a i s-channel Thomson scattering 
system which prov ides data every 17 ms and the calculated profi le history using the 
rad ial dependence of the transport coefficients indicated in fig. 4h. The uncomplele 
knowledge of the boundary sources restricts the analysis to 0 < ~ < ~. The error 
of the coefficients is estimated to be ± 20 %. The deduced coefficients D and IVI 
increase with rising heat ing power (fig . 5), whereas the concomitant decrease of the 
ratio lV{ia)/ DUa)1 reflects t he in fluence of the electron source produced by the NBI. 
The diffusion coefficient O (~a} of the OH and the Ptot ~ 1.6 MW d ischarges consistently 
exhibits half the value of the thermal diffusivity X e {~a) of a detailed TRANSP a~alysis 
of similar ASOEX discharges [4]suppor ting a common physical mechanism for both 
diffusivities. The resulting velocities V exceed the neoclassica l pinch (Vw (~a) ~ 0. 15 ~) 
in the outer region by a factor of more than three. The observed power dependence of 
V is well in line with the ass umption that the anomalous inward pinch is driven by the 
anomalous diffusivity. Unfortunately it is not possible wi thin the actual exper imental 
accuracy to unravel poss ible differences in t he coefficients between pellet-fuelled and 
GP L-mode shots to clarify t he better confinement of the pellet discharges. 

0.',---------- - -----, ·\.2 Fig. 5: Particle transport coeffi
cients deduced from dynamic saw
tooth f ru . post pellet phases at -dlj- ~!t 
ftrtnt densities vs. total heating 
power Ptot . 
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