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Power lla la nce in the Bulk Plasma and in the Scrape-off Layer 
during I-J and L Mode Uivcrlor Uischarges ill JET 
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Introduction - In JET a magnet ic separal rix can be formed inside the vacuum vessel at 
plasma curre nts up to 3 MA with onc ("s ingle null ", SN) o r two ("double null ", ON) 
stagnation po ints ("X- po int" ) 1,2. In SN discharges a transitio n from L- Io I-i- mode has o fte n 
been observed with neu tral bea m (N B) hea li ng in the range 5- 10 MW. A significant fraction 
o f the tota l radiat ion power loss is dissipated from the th e X- point region(s) . Using bo lomc te r 
measurement s an attc mpt is made to estimate the power radiated from the confinement region 
and the dive rtor region(s). The rad ial emissivity profiles of the confin ed plasma show broad 
radiation she lls during the I-I- modc . The po loidul dist ributi on o f the radiat ion flux near the 
X- point is compa red wi th the poloidal d istribution of the Drr e mission. The power flow to the 
diverto r targe t tiles is estimated ll sing infrared th ermography. T he occurence of the I-i- mode 
appea rs to be related to the heati ng of th e plasma edge. 

Experimental Setup: The rela tionship be tween the J ET X- point !lull , th e dive rto r target 
tiles and the releva nt di<lgnosti cs is shown in Fig. I in plan view. The eight sets of carbon target 
tiles we re insta lled as protective tiles for the oetant joints. 
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Fig. J : Schelllatic plan -view of 
IIIe JET \lnCllr/1II I'e.fscl .filowillg 
Ihe rf!falioll.~hip of the 
diaglloslics 10 the eight sets of 
(IiVerlor targel Iile.f. The 
Jcrap e-off layer impinges at a 
glm/cing aI/sIc of 9.5 0 011 atl 
Oilier (0) atld atl in ner (i) 
10ca/iol1 of each Jet. The 
horizontal ( f3 0L-J-/ ) and 
I'('rlical (80L-V) bolollleter 
C(llHeras, lhl' D., array, the far 
infrared illlerferometer (FIRI) 
al/d Ilu' m Olll'able Lal1gl1lllir 
probe (LP) are aff located ill 
mid-octalll as .flIOWII. The CCD 
cam era. 1/I0 /lIIted midplnlle, 
I'iews (lirectly I/,C top targe/ tilcs 
0 11 OC/(IIII joilll 5/6. 

The total radi ation powcr is I11c<lsurcd by two bolomc ter ca mera systems. loc<l ted in 
mid -octant o one ho rizontal the ot her ve rtical ". Came ra chords looking inlo the X-point 
regions at the lOp ,md/or the bottom of the plasm<l show enhanced r:ldi nt iOIl . The detection 
range of the bolomete rs is 3 .:; EI,lr leVI .:; 9000 . so that nil radiali on which might cont ribut e 
substantia ll y to the 10lal powe r loss is detec ted. By choosing chnn nels no t affceted by the 
X- point radial ion and assuming to ro idal symmetry onc can estimate the rauiatioll I',:::jlk fmm 
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the hulk pl asma (co nfin ement regio n). The radiation from the X-point region J>;~!:I is lIcfincd 

as P;:::, = P:~:I - p;~:1k. Fig 2 shows p,~:1k, p:::" and I';:::, fur u discharge with I I- mode. 
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Fig . 2 . Uadialio ll power p:~~k 

(fwld .wlill CIIrve). P;~;'I 

(dash·dol/ell) 011(/ I ):'~~ (t/olled) 
fo r (I SN- di,H'/wrgl' lVi,,, 
If-mode fi'OJ/I 12 10 /4 .1 s (J ET 
(mIse 10755). Also S / IOWII is fi le 

power pow 10 Ihe oilier diver/or 
largel p,"'lIer ((hill solid cllrve). 

One set of targe t til es is viewed direct ly with nn infrared (CD ca mera {Fig. I) , fi lte red 10 be 
se nsi ti ve from 0.98 - 1.02 JIII I. For many pulses the (,'lInera had insufficient dynamic range \0 
measure the surface tcmpcr:l1ure o f the ti les (oE [RIM ' 0 C) throughout the pulse. However it 
has been poss ible to estima te both the power flu x tu th e outer (e lectron side) tiles p/,,,,er 
(Fig. 2), ,lilt! the nrea o f the SOL. The powe r to the inner ( io n side) tiles I'/"''''r was d ifficult to 

estim ate but it was ~ 11/'''''''/2 in allll - mude di~ehargcs. 

10 " 12 13 .. " 11 tIE IS) 

Pig. 3 £ .'oflllion of 
1'/:.:1k /<11, > 2 (.wfid curve; 
arlJ.lIJ1iIS) efllrillg IlIe L-lI1ode 
alld /-I-lI1o(/e for a N B- Ilea/cd 
di:'iclrargl'. Tlr t' \lolulllt' 
G1'eraged tiemily < 11, > 
(dasll-doll('c/; 6x W I'1 m - 3 filII 
scald .'iI('(J(I;ly ;IIC/"et1.'if'.f dllr;ng 
I//{' II- mo(le. TIll' dOffed Clln 'e 
sholl'.'i 111 l' ('\'01111;011 of II,e /0/(1/ 

illp ll l power , PI::~:" (JET pulse 
1(755 ). 

Bulk Radiation Loss: During the L- mode p;:,:,lk and P~:!:lllre nearly equal (Fig. 2). The bulk 
radiatio n power is about lin early propo rtimwl to the vo lume ave raged dens it y up 10 
<11,> ~ 1.5x 1U t'J 1/1 -) • achieved in the L- lllo<.1e. During the I-I- mode when <11, > increases 

stead ily up to ~ 4 x 10 19 /11 -3 a strong increase in p::':i'k is obse rved. ro ughl y pro po rtional to 

<11, >2 in pure NB hea ted di scharges (Fig. 3 ). Disrega rding cha nges in te mperature amJ in 
profil es of de nsity and o f impurities th is implies cons tant impurit y conce ntrati on. In the few 
cases whe n the H- mode was Sllstai ned fo r some time with the addit io n of slight RF- hea ling 
(P'CIlI1 ~ 2 MW) tI more rapid increase o f I'r~,:1~ with <lie> was obse rved. 
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Fig . 4 : EVO/II(;OIl of the radial 
emissivity profile dllTing rile 
H- mode. AI/hollgh the l1Iain 
impurity species are carbOIl alld 
oxygen, !'ery broad radiatioll 
shells are obJcrl'ed. The 
/HIII/ber at each cl/rve gi ves 'he 
time of the profile lVilh respecr 
(0 file Slart oJ th e H- mode. 
Curve 0 shows the profile 
tlllrillR the I"'('et'clillg L- mudc 
(JET p ulse 10755). 

The domina nt impurities in purel y NB healed d ischa rges arc carbon and oxygen: metals are 
negligible 4. Rad ial e missivity profiles de ri ved from the holometer measurements show a 
radi a tion she ll much broader than predicted by coronal cqlli1ihriulll . Furthermore the widt h o f 
the radiati ng she ll broadens during the H- mode although the plasma de nsity in the outer 
regio n grows faster than in the cenlrc. Thi s behaviou r is not un derstood at prcsent. Fi g. 4 
shows th e cvo ~\.Ition o f radiation cmi ssiv it y profil es during one o f the longest H- modes 
( - 2. 1 s) achie ved so far in JET. 

Power Flon' and Radiation in the ScrapNJIT Layer. Th c powcr co nducted into the SOL (the 
heat ing power of the SOL) is given by 

I ',;~~'- = I >,::~" ~ cn~,/dt _ p::.:1J. _ 1';:",1< 

The charge cxcha nge losses ,,).~"'k are not mc asured and lIrC ncglc(tetl thus ovcreslim<lting 

PI;~~/- which is typically 40 to 60 01. , o f 1"::::11 anti docs not va ry signifi can tl y timing the J-I- motlc. 
The power loss frOIll thc SOL is give n hy 

P,~!~L = P,~:, +. p/""rr + P,"""'r + /',:~('" + ",:'.!' + p lim . 

An upper hound for th c charge e xchan ge loss 111:1£ he estim ated. usi ng the l11 eal'urcd 
DII" - infl ux from the wall s t..;;; 10 21 S-l), to be p~~()- .... 0.3 M W: I'/t jl' el'timatetl 10 be 
smalle r. Using data from Ihc Langm uir p robes the powe r co nduct ed to the lim iterl' and wil ll , 
plim, is negligible. The largest powe r losscs measuretl fro m tile SOL :Ire hy r:u.lia tion and 
conduction to the target liles. and these are maintained d uring the I I- mode. in contrast to 
observation in ASDEX ". At the onse t o f the H-modc in J ET. l';;f:, usually decre:lses suddenly 

and th en increases with < 11 ,.> until it reachel' - IS':.'o o f I',:~:" and then heco mcl' stat iona ry, 

alt ho ugh both <11,. > and 1':';:1'1< grow l' tcadil y. In cuntras t I',"""" "ppears to show an incre:lsc to 

about IS"/" of p/:~:1I at the o nsct of th e !-I- mode lllld the n decreasel' to - l() % be fo re 
termination . Immed iate ly afte r the I-I-mode is termi nated . there is a rel1larkable increase in 
P;;!:" 1',"''''.' and I'i~~~,'- (Fig . 2) for ~ 40 1111'. The po loid'l l dis trihut ion of I',:!:, l' hows a 
ma xi mum 11t the inne r wa ll side o f the X-point in its illllll ed i,lIe vici nity (Fig.S). This 
dis tribution dev iates appreciably fro m the Do dist ri bution 5 indica ti ng that Lyman- crc mission 
(to which thc bolol1l c te rs arc still sensi tive) o nly p'lrti ally accounts for the ohservcd emissivity. 
Wit h ca rbon target til es. C is exrectcd to bc main ly rel'pollsihlc for th e rmliatiun loss in the 
divertor rcgion. The obse rved maximu m mC,m emiss ivities lie hetwee n I and S AlIV m - J 

. A n 
cstimatc on thc basis o f coro nnl cqui librium gives the lowcr limit of the possible carbon 
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conce ntration, showing that it lIIus t he at 1e00S! ."I to ]I} 'y" at ('lSStIlIlCtl) local densities o f 
5x 10 19 111 - 3 to account for the observed rad iatillll levels, ~lss lLl lling il SOL thickness (If ahout 
2 cm al the mrl.xillllllll of 1>, ::,1,. Il owevcr the local poloidal resolution of th e holometers 
(- 0.4 Ill) ma y Ic"d to a flal!cllill g o f the poloidal profile. With a sleeper profile the peak 
emissivity may be large r. suggesting loca l densities""';' 1t1 2U 111 - 3 <1' the larget tiles. This is 
co nsistent with the ohservcd power nux (''is: I kW CIII - ~) IO the outer tiles if 1~ ~ IU eV 
locally. The fast poloiual decay of the X-point ratiiati(111 il1llicalCs high gr;,di c ll!S of 7 ~ and 11 ." 

as have been observed in ot her tokamaks ",7. These high gradients would be Illore probable 
with the higher va lu e of " ,. ( lO lU m - J). It is worlh noting Ihal in th e inner diver!or region, 

where P;~:, and Do radia tion arc high and so the flux of recycli ng atoms must he high. I~"""" is 
low. The opposite is true in the outer divertor region where Ihe recycling flu x mllst be lowcr. 

Tdggering and Termination or the I-I-mode: There is experimental evide nce that the 
"I- mode is trigge red by increasing thc heating power con du cted into Ih e plasmu edge. and thnt 
this can be achieved by increasing the power input . or poss ihly hy the decay of a sawtoot h , or 
alternatively by decreasing the edge radintion loss by reducing 10(';11 impurit y sources. At 
prese nt it is not quite clc:lr if an increase of rl;~~:IL triggers the Ll I-I - lrUll sition. III 111<1n y cases an 

increase of PI;~~,L preceded <1n I·I- mode but the re we re also cases obse rved where the J-I- mode 

was achievcd at constant PI;~?/-' Ap:lrt fro111 thosc cases where the additional heatin g power 

was switched off the te rmination of the 11 - IIlOtJc always occurcd when 1)::.:1k/p,:~:u reached 
about 60')1". 

Fig. 5 " Poloil/al distributiOIl 
of P'~!:I lllld oJ rhc D(1 rariiarioll 
ill the X- poilll region . 71lc 
graph covers Ihe IIppcr half of 
the plasma cross sec/iOIl for a 
SN discharge (J ET jJlI/JC 10755 ) 
duri/lg thc H- mollc (0 == 0 (It 
the Olller midplalle). 
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