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Introducti on 
In 'a previous paper /1/ it was shown that · the ~ limit in ASDEX follows a law 
~ax ~ C . 1/(a ' B) (% , ~~.m, T) with C = 3.5 fo r nequ (n from equilibTium mea
surements) and C = 2.8 for adia (a from a diamagneti c loop), in agreement 
with theoretical predic tions /2/. It was al so pointed out that ~ - at 
constant neutral beam power - cannot be kepi at t hat maximum value but 
decreases t o a lower value. It was speculated· that this decay in B corre 
sponds to a r esist ive adjus tment of the current density distr ibution ~o the 
less favourable broad H-mode temperature profiles . 

In t he following we discuss this transien t beha viour of the B limi t and show 
that i n ASOEX H-discharges the stationary B limit (for Bdia) lies abou t 20 -
30 % below the' maximum value. 

Qualitative des c ription of a B limit discharge 
Although important aspects of the B l imit are still not- understood , we have 
by now at least a good qualitative pic ture of an H-discharge close t o the a 
limit. Not surpr i s ingly, this behaviour is closely connected to the trans
port and profile developments characte r istic of the H-phase. 

We discuss the main phases of an H-mode B limit discharge wit h t he aid ,of 
Fig . I , which shows Bpdia and Oa signals t ogether with t data from 7 oute r 
and one inner Mirnov coils (la) and radial. profiles of electron pressure 
ne • Te obtained from a recently commiss ioned 60 Kz Nd- YAG laser scattering 
diagnostic (lb) : 

During the L-phase , which is.relatively l ong in this particular shot , the 
pressure profile peaks. The B signals first sQow a continuous and t hen a 
burst ing mode wi t h mode number s n c I , m.- 3 and a f r equenc y ri s ing from 28 
to 43 kHz /3/. 

At t '" 1.27 s the L/H-transit i on o~curs and t he MHO modes stop (pr·obably due 
to q(o) becoming larger thp-n 1). The most dis,tinctive feat.ure at the H
trans ition is an instantaneous steepening of the pressure profile at t he 
plasma edge leading to a "pedestal" in the pro f ile (Fig. Ib). This confirms 
ou~ p~evious find i rtgs /5/ that th~ H-mode is an edge phenomenon which, as a 
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result of high ed ge Te and strong s hea r in the separat rix vic i nity. su p
presses the anoma lous transport prevailing in this r egion . The n !sult ing 
pressure g radient . assuming Te '" Ti. corres ponds , to a very good approxi na 
t i on, to the theoretical limit for ballooning modes /4/ 

2 
0 .3 !....E.

l1oRq3 
yi e l ding _dP I <0.6 

dt r"a-

After the H-transition , with its fo rmation of a transport barrie r at the 
pla sma edge, the plasma energy ri s es again by increas i ng the press ure I n the 
plasma interior. As the p re~sure gradients the r e approach the balloon ing 
limit (possibly even only locally) , t he outf lux of energy i ncre<lses. Since 
the pressure grad i e nt at the plas ma edge i s al ready at its marsinal stabil 
ity limit, the edge layer become s unsta ble, expelli ng particles a~d energy 
from the plasma periphery (so-called .::..dge .!.ocaHze d ..'!.odcs, ELM's 
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/1/). Such a si t uat ion i s ' reached in shot 15520 a t t - 1.31 8. when the 
first and largest ELM occurs and the rate of i ncrease of ~ la substant i ally 
reduced. This picture also explains the absence of ELM's in ' the burs t -free 
H-di 6charges described in /1/: The lar ge radiation losses (from iron) en
countered In these . discharges (which were produced rather close to the SS 
limiters) transport enough energy out of the plasma In a non-conducttve way 
that the balloonIng limit is nO,t exceeded. 

Since the critical 0 for ballooning modes 1s hi ghest f or peaked curr ent 
densIty distrlbutlons~ whereas the H-mode is characterized by flat Te and 
conductivity profiles ', it lit relttlonable to assume that the lII.4:J1;iPlUlll £)-value 
during a B limit discharge corresponds to relatively peaked profiles frozen 
in from the OH and L-phases and that the observed slow decay in 8 ( 20 % in 
200 ms, c.f. Fig. 2) r~flects the resistive adjustment to the H-mode pro
files. There are, however, strong indications (changes in the plasma induct 
ance, loop voltage) that during t he high-a phase additional currents in the 
plasma centre (which are compenaated by induced currents) lead to an en
hanced peaking of the current density distribution capable of relaxing on a 
much shorter time scale. thus explaining the first, much faster a-decay (in 
20-50 ms) observed at high power input (c.f. Fig. 2d,e). These transient 
currents seem to be connected with neutral injection (positive effect only 
with co-injection. larger effect for 00 than for HO-injection) , and could be 
produced partly by the circulating fast ions', b'lt to a larger extent by the 
beam induced plasma rotation. The increasing a might a l so lead to such 
currents. The decrease in D is accompanied by increased MHO activity and 
later by a growing m - 2. n • 1 tearing mode with f - 16.3 + 10 kHz 131 
(Fig. la) . 

Transient and stationary beta limi t 
To compare discharges with different parameters we normalize with Omax -
2.8 I/(a' B) (Troyon limit). This al so defi~es the maximum energy content 
for a tokamak plasma (with elongation b/a) Wmax - 0.33 b·R·B·I. 

Figure 2 shows maximum normalized O-values o/Bmax and corresponding plasma 
energies W obtained in a B-scan at constant beam power PHI - 3.5 MW and f or 
two'plasma currents I· 311 snd 370 kA. The observed linear increase of 
B/Bmax with plB for a/Bmax < 1 reflects the fact that for a given heating 
power P - POH + PNI,abs (and assuming 'E - f • I) 

ala .. ..!..1-
max b R B 

holds III (independent of I. ss also found experimentally). At large enough 
heating. power PIB the O-limit can clearly b~ seen . 

As shown by the Bpdia and Da signala of Fig. 2a-f there is s clear correla
tion between the maximum normalized a values a/Bmax, the time behaviour of 
the a-decay (accompanied by a characteristic feature of theDa s pikes) and 
the level t o which B decays : Starti~g at low power input PIB (Fig, 2a). we 
have o/Bmax ~ 0 . 7 resulting in an a-phase with no ELM's. With increasing 
relative power (Fig. 2b). the maximum a is almost constant yielding a 
stationary 0 limit 0stat - 0.8 • ~ax' IncreaSing PIB still further (Figs. 
2c-f) leads to a/Bmax ~ 1.0. followed by first a con tinuous and then, for 
higher PIB, a two-phase a-decay resulting in lower stationary 0 values than 
case 2b. At high power a disruption sets in, at first during the n decay 
(Fig.2 e), but then moving forward in time with increasing plB (Fig. 2f), 
until it finally occurs already during the B rise (~isruptive a limit; not 
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shown here). Thus it seems that in ASDEX H-discharges. the sta tionary 1\ 
limit depends on an exact tailoring of the power input to the diffusive and 
resistive time scales . 
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~ Maximum. normalized B values 1l/Bmax and corresponding plasma energies 
W obtained In a B-scan at constant power P - fOH + PNI,abs - 3.15 MW for 
1 - 311 and 370 kA together with oala and on signals (a-f) typical of 
certain B/Bmax values. 
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