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Abstract: Characterizing the scrape- off layer (SOL) density prof ile by the 
density at the separatrix ns and the e-fold i ng length ~n ' the SOL i s de 
scri bed for a wide variety of condit ions : ne- 1-5xl013 cm- 3 , I p. 250-440 kA , 
Bt -22 kG, Qa-2.4 - 4 . 3 for injected powers PNI-0.4-1 .7 MW, which lead to L
type dischar ges . Gener ally, ~n increases with PNI ' these changes becoming 
more dramatic fo~ lower Ip and ne' For OH and NI plasmas ns is roughly 
proportional to ne ; the constant of proportionality increases with NI and 
is independent of PNI over the range investigated . 

Introduction: This paper is designed to furn i sh an initial data base for 
the critical evaluat i on of SOL models , as well as to investigate the 
premise that the SOL behavior during NI reflects global plasma transport 
properties as has been observed elsewhere I t, 2/. Statements are limited to 
the SOL ne profile in the outer midplane of doubly-null diverted discharges 
sustained by gas puffing . The ASDEX neutral lithium-beam probe 13 , 41 i s 
used to determine An and t he relative changes in ns; previous experience 
gained with the edge Thornson scattering s ystem 151 fu r nishes an approximate 
absolute calibr ation of ns ' 
To place matters in context , fig . la illustrates the effect of high power 
(2.75 MW ) HO~Dt injection on ne ' BP i ( taken from the dlamagneti~ looP) and 
Da as well as the Li-beam light signal out side the separatrix . ne de
creases going into the L- phas e, followed by the H-phase increase and 
subsequent clamping cor related with the Da bursts . The characteristic Da 
Signatures are closely paralled by LiL2p-2s] (- proportional to ne) 13/ . 
The SOL ne profiles fo r OH , Land H (fig . lb) indicate that n~<ngH<n~. 
Further , ~~H-l . 95 cm, ~k-2 . 8 cm and ~~-1 . 1 cm . Tes-70, 130 and 250 eV fo r 
the OH , Land H-regimes respectively 15/ . R- Rs is the distance from separa
trix ; Rs Is derived from magnetiC signals and underlies an uncertainty of 
perhaps 1 cm . This has an impor t ant bearing on scaling statements made 
about ns ; thus if Rs were in fact one cm further outwards , then nQH>n~-n~ 
would be deduced . 
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Results ; Fi g. 2b depicts for l-Io -+He2 +- injection , A. n vs . the total absorbed 
input power PTOT·POH+P~~S for ne =1-4.9xl013 cm- 3 and Ip~!120 kA; tile energy 
confinement time " 'tE" deduced from the steady-s tate NI phase using Bp ..l. to 
determine the total energy Wand "TE""'W/PTOT (without correction for 
radiation effects) Is plotted vs . Prorlne in flg. 2a . 
Ft g . 2b demonstrates that during OH (corresponding to the points at the 
left as in fig. 2a) An is about constant for ne >1.9xl013 cm-3, and is much 
larger f or lower ne. as has been previously reported /6/. Auxiliary hpatlng 
leads to an increase In "n . the changes becoming more apparent for lower 
ne and higher PTOT. TE decreases with PrOT/ne . Thus, at ne ~ 4xl013 cm- 3 
(1 .9xl 013 cm-3 ). ove r the power range ~n increases by -10~ (22~) and TE 
goes from -100 to 50 ms (63-+115 ms) . ns exhibits the interesting behavior 
that it is described by an offset-l inear law of the form ns-aoe+b. the con
stants depending only on the type of heating (OH or NI) . No parametrlcal 
dependence of ns on PNI Is evidenti however, for higher PNI a relationship 
must exist , as documented in fig . 1b where ns is reduced rather than in
creased in the L- phase for PNI ~ 2 . 85 MW. 

The H°-+O+ series of fig . 3 involve a qa- (Ip- 210- 420 kA) and oe-scan (2 . 2 , 
3.5x'0'3 cm-3 ) . For any given qa the NI -induced changes in ~n (see fig. 
3b) have the same qualitative behavior as for He: lower ne and higher PNI 
are both conducive t o large alterations in ~n' The slope of the ~n vs . qa 
curves is about the same for all conditions . With respect to TE . for in
jection with 11 sources TE is the same for 0e-2 . 2 or 3 . 5xl0'3 cm-3 . whereas 
~n increases by 25% (oe • 2 . 2+3. 5xlO'3 cm-3 ) . demonstrating that ~n does 
not necessarily mirror changes only in TE' 
I n fig . 3c there is no convi ncing dependence of ns on Qai also, the largest 
absolute 6ns is small . of the order - Q.15xl 0 ' 3 cm-3 . Nevertheless, a plot 
of ns vs . ne (not shown here) also reveals an offset- linear relationship, 
s witching from one slope to another as with He , depending on the type of 
heating used. 
Fig. 11 shows the res ult s of another HO+O+ power scan with either ne (fig . 
llb.c) or Ip (~ig . 4d, e) being held constant. The familiar variation of ~n 
with PNI and_ne is a~ain found . but the changes are more extreme. For 
example . at ne-3x101 cm- 3 and Qa"'1l.3 (fig. ll~~, ~n varies from 2 . 8 to 11 . 3 
cm for PTOr-0 . 25 -+ 1. 2 MW . In addition . the ~n. values are larger than 
those normally observed on ASDEX by -0 . 5 cm. n~I clearly increases more 
st r ongly with ne for qa-4.3 than for n~I(He) at Qa-2.4 of fig. 2c; on the 
other hand, the n~H values are nearly identical. 

Discussion and Summary : It is a common feature of NI-heated plasmas in the 
L-regime that ~n increases with PNI ' the increase being less pronounced 
for higher oe . and possibly higher Ip. In any case for both OH and NI. ~n 
is augmented with Qa: The OH ~n - qa scaling of fig. 3b agrees well with 
previous results 16/ , whereas ~gH of fig. 4b and 4d is anomal ously large 
for a 0+ plasma . This may be indicati'le of a deviant wall- conditioning of 
the divertor . Also . "'E" for the series of fig . 11 is noticibly lower . 
Hence , this series should be regarded in a more qualitative manner. 
Whereas it is true that a degradation in TE i s accompanied by larger ~n ' 

the reverse conclusion that larger ~n are synonymo us with lower TE cannot 
be universely drawn. It appears that the NI- induced degradation in the 
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cross-field diffusion coefficient D~ also extends into the SOL, but that 
this is only one component 1n determining ).n' With respect to lE . plotting 
vs PrOT/ne leads to a surprisingly orderly unification of the OH and NI 
values , at least for this limited data set . rurther. the iE Bealings for 
He++ of flg . 2a and 0+ of fig. 3a are virtually identical , a nd of the form 
lE - a(PTOr/ne)-e msec (a - 31 - 32.3. a-O , 1I8 , 0.51), 

For ns vs . ne. a very clear feature which emerges Is that the OH offset
linear scal ing switches promptly to a steeper gradient upon initiation of 
NI . but beyond that shows no depe ndence on the magnitude of PNI ' Higher Ip 
might bring the OH and NI Bealings closer together (compare flg . 2c and 
1je): the data base is too small to allow definitive conclusions. As a 
comment , one of the quantities wh i ch should determine ns for high recycling 
is the specific heat flux q" into the divertor 17/ , which is related to 
PTOT, ~n and ~Te ' ~Te decreases -10S 15/ over the PNI range studied here , 
in contrast to the moderate (at low qa and high ne) 10-20S enhancement in 
).n; therefore q" should increase almost proportionately to PTOT · 
No Thomson data was available to calibrate the relative Li - beam determin
at ions of ns ; to obtain ns absolutely, experience from cross-calibra tions 
of other series were used. Hence, strictly speaking, all absolute ns values 
are provisional including the ns vs . ne scalings . Definitive conclusions 
can be drawn only with respect to the relative behavior of the switch in 
scaling between OH and NI discharges . ~n is generally measured to an 
accuracy of ~0 . 1 cm . 
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