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MAGNETIC FIELD STUDIES NEAR SEPARATRIX 
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Vacuum magnetic fields are studied in the vicinity of the separatrix of modular Advanced 
Stellarator coil configurations with reactor dimensions. A modular divertor appears to be not 
feasible because of the complicated field structure. Rational r- values inside of and near th.e 
p lasma edge should be avoided. A system with romparatively small islands at t = 5/ 1 I 
outside of the separatrix is seen to be relatively insensitive against a rn = I perturbation and 
should allow the use of pumped limiters for edge control. 

Int roduction 

In stellaral.orR. the closed magnetic surfaces are sepa rated from t.hr region of ou ter open 'field 
lines by a usually well defined separat.rix. lt was often proposed to use t h is characteristic of the 
stellarator topology for a "natural" divcrtor , in order to achieve an rdg• control of the plasma. 
For toroidal systems with l = 3 modular non- planar coils. flux bundles of the separat rix region 
were found to encircle the coils at particular positions / I / .and the l WTOH \1 fusion reactor 
:' 2 1 is designed with a modular divertor. 

For modular Advanced Stella rators like the Garching experiment Wendelsl r in \ ') 1- AS. ma­
gnetic vacuum fields and also finite-8 topologies f 3 / inside the scparat rix were published so 
far. D etails near and outside of the separatrix are of intere~l. iu un..Je1 tu stud~ tht: que~t ion of a 
modular divertor in such fields with reduced secondary currents. \ 'acuum fields of 111odular roil 
systems in fusion react.or d imensions are considered. having major radii of H = 25 or 20 11'1. 

and 6 coils in each of t.he 5 field periods. Figure I shows a schematir of s uch s~·sttms. In t he 
first. part. of thr paper . t hr spatial strur.t.ure of 1 he magnet ir field outside of the s~paraLrix is 
investiga ted numerically by follow ing fi eld lines. The second part conrentratrs on till' presence 
of "natural" magnetic islands in the vicinity ofthr scparatrix at rational ,·alues of the rotational 
transfo rm, gi\'es evidence of their removal by the fields of resonan t current.s, and shows effects 
or superimposed perLurbation fie lds. 

Figure I: Schematic of a modu la r Advan­
ced Stellnnotor. showing t he contours of the 
plas ona. of hlar~krt and shield , •.s well as the 
coils for three or t.he five field periods. 
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Flux Bundles Outside of Separatrix 

For a modular coil system similar to that of Figure I with R "-" 25.5 m and a"eragr radii of 
the coil <:enters , T c "' 5.8 m , a number of 100 field li nes is launched outside of the separatrix , 
at distances of 10 t u 20% of the average separatrix radius, r .• "" J .6 m. (Startin~ points in 10 
equally spaced toroidal planes wit.h in 11 field period. at I 0 poloidal positions of approximately 
equal angular and locally different radial distance; integration st.ep width sm all compared t.o 
the grid siZ<· of stored local field values). The intersectiou point s of the fie ld lines arc marked 
on t•l1ip1i<·ally shapt"d uut.e r su rfarf's. At a surface with itVcrntv • radius r-::: 2 · r:~ 1 tlu: symmetry 
pal tcru of the startiug puiut s i, >till \'isibl~. The foeld lirll'> ruerg~ a t r - :1.5 m. see top left of 
Figure 2, (abscissa .. J field perrod. orduralc I minor circumference). They show a reasonable 
concenlrat ion at r -= :~.81n ( lu\\of"r left pari of the Figu re). where 70 intersection point.s are 
obtained aft er 2 minu tes CP l; time of the Garching CRAY- l computer. At r = Sm , one 
of the fi eld line clusters is absent and I 5 minutes CPU time are required for a bout the same 
number of imerst·ctions. Rcversiug the direction of integration , the patt.ern is mirror reflected 
as expected. but only 10 ~1 morr intersection points appear after a doubling of t he CPU time. 
Tlw lengt.hs of the field lines for this case range bet.wl!en 3.5 and I 00 times t.lw ci rcumference 
2rrR = l60m 

In coudusion of th is part: The initially poor field line concentration, their differen t lengths, 
and th~ rhange of L're position of the intersection points when vary ing the aspect ratio of the 
boundary surfaces, makes such magnetic structures undesirable as to connect the p lasma edge 
to divertor plates. 

:T-Ti-JI-1 
I 1\ . 
I ! I t l 

J.l·il JJ IJ_ 
·m..6 - ~ T i- -

J_li.ll __ 

·:. 

t rt\21 1 

Figure 2: Angular plot of intersection 
points for average minor radii of r = 3.5 
and r = 3.8 m , respectively and contou rs 
of the non- planar coils. 

"Nat ural'. Magnetic Islands near Separatrix and Perturbation Fields 

The Advanced Std larator proper! ie' of the magnetir \'atuum fie lds depend on the s pecific 
shapes of the coil bores and of the c·w11.ours of t lw toroiclal exc:ur,iorrs. The coi ls pro~ide a 
rot ational 1 ransform t which can he easily changed in tilt' computations by a small vanatwn 
of the coil aspect ratio. Sysi.Prns wit.h a low numher of e.g. 6 c·oi l ~ per field pt'Tiod t.cnd t~ 
show SOnlf nt-gati \'e ~hear .. Airt·aciy without t ht• inf1uenrt· or f'XLCrnaJ per t.urb.a Lio11S1 "nalura)" 

magnetic islands ran be seen near tire plasma edge. at a ral imral value of the rot.ational transform 
t = 5 ' !\ , with inLeger l\ = 9 ... 13. Such islands were demonstrated i 4 ,' in the vacuum 
field studies for WVII- AS. 
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An examplr of !0 comparatively large islands is shown in t he left part of Figure 3, for the 
toroidal positions of 0 and 1/ 2 field periods. ln this particular case, outside of each X- point 
(0- point), further 0 - points (X-points) exist in an otherwise open field topology. In order to 
reduce the size of the natural islands , small currents outside of the islands and "resonant" with 
c = 5 / 10 were considered by A. Schliiter and W . Lotz 1. These currents reduced the island size 
in the case of WVJI- AS, at resonant t = 5 / 10 .. . 5 113 

Following that approach. resonant currents are applied for the above example. Two current 
polygons arr obt.ained by an outward projection of the inner 0- and X points, towards points at 
a radial rl istann .. of nbout RO 1;f. of t.ht' spparatrix rnrlius. sPP ins(•r1 of f igure 3. Thf• whole rl1ain 
of inner islands is removed b~ currents which introduce about 0.2 '(, of the average magnetic field 
at the position of tlw neighbouring island. Tlw out er 0 -points are still present , see tup of the 
right half of Figure 3. l ncrca"ing t.hc currents in the same current polygons from 30 to 50 k A . 
removes the islands of a similar ca"e at r = 5/ 9. In these two examples, the aspect ratio of tlw 
resulting conHgu ration is approximately t.he same as that of et co11figurat.ion wil h ea m·ighbouring 
irrational value of t he rotational t ransform. 

1 W.Lotz and A .Schlii~er : 

/ 
--cf--,"---1-+.-J-- ';> 

!( 

2. 

!:_!gurr 3. left part : 
Magnrt.ir vanlllll'l fi •·ld at 1 -- 5 ,' 10 with 10 

nflt.ural islands and t)w intcrst•rtion points 
of two current pnl~ gons fort heir rrmo,·al, at 
t.oroidal position> of 0 und I · 2 field periods. 
rt.'spr·ctivt-1_\. 
Right part : :Maguf'l.ic· VHcuurn fie ld aL the 

beginning of the field pNiod. islands at r = 
5 ' I 0 r<•moved br opposing currents in po­
lygons as shown schematirally in 1 he insert 

privat.e communic ation of their unpublished result5 for the fields of Wende)Jtl tin VII · AS 
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T he effect of a homogeneous horizontal perturbation field is studied for the above configu­
ration at t = 5 / 10 , and for a different system, ASRA6C with R = 20mandrc = 4 .57m . 
Whereas in the first case a homogeneous horizontal pert.urbation field lly j lJ = 4 · Jo-• intro­
duces a drastic reduction of the separatrix radius, ASRA6C with a prime number of 11 islands 
outside of the separatrix allows perturbation fields up to a value of 0.2 % of the average field 
B = 5.3 T , at a small reduction of the separatrix radius, as shown in Figure 4. 

Figure 4 : Magnetic vacuum fi eld of .'\SRA6C: showing 11 nat.ural islands outside of separatrix 

at a valu;~f t = 5,111 , and elfert of a homogeneous horizontal perturbation field By / B "' 0.2% 
introducing a small reduction of the separatrix radius. 

Summary and Conclusions 

Frum the observed cornplicut.cd s tructun· of vacuurn field lines ouUtide the separat.rix it. ap .. 
pears that a modular divertor is not f••asihle in Ad,·anccd Stellarators as studied so far , unless 
the Aeld topolog~ could be changed by the action of further and yet unknown external currents. 
Magnetic islands at rational 1- can be efficiently removed by small outer resonant currents, but 
the aspect ratio of the resulting configuration is not improved. Therefore, configurations at a 
neighbouring irrational rotational transform arc• preferred, avoiding inside and near the plasma 
edge rational t = M/ N , with low integer values of !vi and N . Several such data sets are 
known. An example with comparati vely small islands at t = 5 / 11 outside of the s<·paratrix 
is seen to be relatively insensitive against a m = I perturbation and should allow the use of 
pumped limit.ers for edgt control. 
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