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The combination of gas-puff and pellet refuelling provides ohmic discharges 
with nearly twice the confinement time and 1 .5 times the Murakami limit 
/ 1/. Despite these improvements , the density built-up by a string of pel
lets (up to 80 pellets with maximally 700 m/s and up to 50 pellets per s) 
is not yet optimized . There are phases where the pellet refuelling leads to 
a step-like increase in density f ollowed by those where the added mass is 
quickly lost between pellets . The gradual loss of density is often accom
panied by a step-like decrease such that no effective density increase 
remains . It is interesting to note, that during these ineffective phases S 
does not cont i~ue to increase but may even decrease. 

In this paper we describe in detail the MHD-activities during pellet inj ec
tion , studied essentially with two soft-X-ray ( "SX") cameras . Fig. 1 
exhibits the toroidal positions of the viewed poloidal cross sections of 
these cameras and of the HCN- laser-interferometry in relation to the pellet 
injector , furthermore , the directions of the toroidal and poloidal magnetic 
field lines and both neutral beam injectors . 

Plasma dynamics caused by pellets. 
The injection of a pellet leads to a strong localized density disturbence , 
whi ch is not immediately distributed over the magnetic flux surfaces , but 
causes a characteristic dynamic response of the plasma, which c2n be well 
studied by observing the rapidly changing SX profiles . Fig. 2 gives an 
example of the spatial and temporal variations of both radiation profiles 
in horizontal and vertical direction after an injection of a pellet into an 
ohmic discharge (n • 4 x 1013 cm- 3 , Ip· 380 kA , Qa = 2.9) . 

Within a few hundred µs a poloidally strong asymmetric distribution of SX 
radiation develops. The measured signals of the chords cross ing the outer 
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~nd l ower halfs of the plasma cross secti on 
decrease , whi le the si gnals of the i nner and 
upper chords increase . This m=l like structure 
rotates within the vi ewed cross section in 
direction of the poloidal magnetic field lines 
with a typical fr equency of about 1 kHz and is 
damped after 2 - 10 cyc l es . Only t he edge
localized channels (omitted in Fig . 2) sho~ a 
different behaviour , namely a single positive 
spike due to the injected pellet. 

After injection of a pellet into an ohmic dis
charge with reversed t oroidal field and plasma 
current the max ima and minima of the SX signals 
become e xchanged (o f . Fi g . 3); also the direction 
of rotation alters and corresponds again to the 
direction of the poloidal fi eld lines . 

In this context the following observation from 
HCN-interferome try i s of interest: Immedi ately 
after pellet injection the lower laser beam is 
def lected for both magnetic field directions . 
This diffraction indicates strong density 
gradients but in both cases within the lower 
plasma region , passing the HCN laser beam . 

Sawtooth activity and accumulation . 

Fig .1: Schematic design of 
the ASDEX device . 

The oscillatory mode described before finally leads to a new static SX 
profile . The integral radiation increases from pellet to pe l let and the 
profile becomes more and more peaked. Already after a few pellets the 
sawtooth activity may increase and o n the time scale of typically 20 msec 
after pellet injection one or more strong sawteeth occur . In the example of 
Fi g . 4 strong sawteeth are observed after the third pellet , accompanied by 
di stinct steps on the density trace . Despite the broadening by sawteeth the 
density profiles remain strongly peaked in the case of pe l let refuelling , 
which or i ginates from an increased inward drift / 2 / . This enhanced drift 
causes also accumulation of impurit i es in the plasma center /3/ . 

In Fig . 5 t wo discharges a r e compared which only differ in plasma current . 
Smaller currents cor respond to more peaked density prof iles /4/ . I n both 
discharges a string of five pellets is injected and the temporal behav i our 
of the discharge is very similar . After the last pellet a strong sawtooth 
occurs . In case A st rong sawt eeth stop the f urther development of the 
accumulation phase and restor e t he original plasma parameters , in case B 
wi th smaller plasma current the sawteeth become suppressed and t he enhanced 
inward drift leads to strong accumulation of electron density and heavy 
impurities in the plasma center . Accumulation and sawtooth activity are 
competing processes and the temporal development of pellet refuelled ohmic 
discharges depends ultimately on the strenght of the t wo counteracting 
processes. 
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Fig. 2 (above) : The spatial and temporal develop
iiieilt"°of SX r adiation after pellet injection into ~ 
an ohmic discharge . ldentic numbers correspond to ·2 
identic SX signals . ~ 

_g 
Fig . 3 (right s ide): The temporal development of 
the same SX c~ords as shown in Fig. 2 , but at 
rever sed magnetic fields . 

~(below left side) : Development of str ong 
sawtooth activity after pellet injection . 

~ (below right side) : Comparison of 
two pellet r efuelled ohmic discharges ~ w/o and with accumulat ion, r espectively . g 
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Up to now only preliminary results are achieved in 
pellet-refuelling of injection heated plasmas. In 
Fig . 6 (right side) we describe the history of a 
NBI heated plasma discharge Cn = 1 .4 x 1013 cm-3 , 
Ip • 320 kA , Qa = 3 . 3 , power of NBI s 1 .3 MW). Du
ring the i ni tial ohmic phase we observe the typi
cal step-l ike increase in density, whi ch repeats 
immediately after switching off NBI; finally t he 
transport mechanisms descr i bed before cause strong 
impurity accumulation resulting in a di sruption. 
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At .6 s when two sour ces of the NBI -SE i njector 
and one source of NB I -NW injector start oper ation , 
the averaged dens ity decreases and the pellets 
injected thereafter effect only a smal l rise in 
density. SX radiation and density profiles change 
immediately after pellet i njection in a way which 
is typical for a sawtooth event , both become flat 
within the central plasma region. 
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From 1 .0 s two sources of NBI-NW and only one 
source of llBI-SE operate; at the same time the 
response of the plasma upon an injected pellet 
changes. First of all the pellet excites an m=l 
mode of about 15 kHz near the inversion radius of 
SX , rotating opposite to the ion drift direction. 
This mode becomes completely damped after about 10 
msec, but r eappears once more with slightly re
duced frequency and is finally terminated by a 
sawtooth event . At the same time we observe cor
responding oscillat ions on Mirnov loops with m=4 , 
n=l structure , which is well explained by mode 
coupling due to geometrical eff ects /5/ . There is 
no doubt , that this MHD- activity is triggered by 
t he pellet, but it can also occur i n NBI heated 
plasmas without pellet refuelling. SX radiation 
and density remain peaked up to the sawtooth 
event. 
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The broadening of the density profiles caused by the two ki1ds of sawtooth 
activity as described does not lead t o an essent ial loss of particles . The 
additional mass of pel l ets is lost rather in a gradual way accompanied by 
simultaneous peaking density profiles . 
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