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 the Web at http www r g v sci fed ste ews
We de stei  7 X ews etter 
avai ab e
The first issue f a ews etter  the We de stei  7 X 
pr ect has bee  au ched by the ax P a c I stitut f r 
P as aphysi  Greifswa d  Ger a y  The ews etter is 
schedu ed t  be avai ab e  the Web ab ut f ur ti es a 
year

Ger a  http www ipp pg de ippc s de f r pub i a
ti e w7x etters  
E g ish  http www ipp pg de ippc s e g f r pub i a
ti e w7x etters  

Pers s i terested i  subscribi g t  the ews etter ay 
c tact Dr  A dreas Di age at 
w7x ews etter@ipp pg de  

The c te t f the first issue is a s  give  i  the f wi g 
artic e  

Fig  1  The We de stei  7 X ews etter as avai ab e 
i e

I  this issue   
We de stei  7 X ews etter avai ab e
The first issue f a ews etter  the We de stei  7 X 
pr ect has bee  au ched by the ax P a c I stitut 
f r P as aphysi  Greifswa d  Ger a y  The ews et
ter is schedu ed t  be avai ab e  the web ab ut f ur 
ti es a year  1

We de stei  7 AS review pub ished
The review a r Resu ts fr  the Ste arat r We
de stei  7 AS” has w bee  pub ished i  P as a 
Physics a d C tr ed Fusi  A su ary is pre
se ted here  3

Evide ce f g dista ce c rre ati  f f uctu
ati s duri g edge tra siti s t  i pr ved c
fi e e t regi es i  the T II ste arat r
The disc very f g ra ge c rre ati s i  p te tia  
f uctuati s  which are a p ified by the deve p e t 

f radia  e ectric fie ds duri g tra siti s t  i pr ved 
c fi e e t regi es i  the T II ste arat r  is 
rep rted  Resu ts sh w a g dista ce c rre ati  
betwee  f ati g p te tia  sig a s that i creases whe  
pr bes are appr xi ate y at the sa e radia  cati  
whereas there is  c rre ati  betwee  i  saturati  
curre t sig a s  Cr ss c rre ati  sh ws a axi u  
va ue whe  p as a de sity is c se t  the thresh d 
f r the deve p e t f sp ta e us edge sheared 
f ws with cr ss phase c se t  er  Further re  
c rre ati  betwee  p te tia  sig a s i creases i  
p as a regi es with edge biasi g i duced e ha ced 
c fi e e t  These experi e ta  fi di gs suggest the 
i p rta ce f g ra ge c rre ati s as a ew fi ger
pri t f the p as a behavi r duri g the deve p e t 

f edge shear f ws  5
A  pi i s expressed herei  are th se f the auth rs a d sh u d t be repr duced  qu ted i  pub icati s  r 
used as a refere ce with ut the auth r’s c se t

a  Ridge ati a  ab rat ry is a aged by UT Batte e  C  f r the U S  Depart e t f E ergy



Ste a
We de stei  7 X achieved a r asse b y 
i est e

The first tw  ha f du es f We de stei  7 X have eft 
their asse b y sta ds a d have bee  ved t  the ext 
sta d f r i i g the  t gether t  create a wh e du e  
The ext asse b y steps wi  i c ude the i sta ati  f the 
superc ducti g bus a d the cry pipi g that c ect the 
c i s t  the p wer a d iquid he iu  supp ies  I  para e  
the asse b y f the sec d pair f ha f du es wi  be 
started

I itia y c structi  was ha pered by qua ity pr b e s  
I  particu ar  there were issues with the e ectrica  i su a
ti  f the superc ducti g c i s  which required c sid
erab e additi a  e gi eeri g eff rts t  i pr ve the c i  
supp rt structure  The asse b y pr per f the device 
fi a y started i  id 2007 a d si ce the  has pr ceeded 
with ut de ays

By w the asse b y pr gress is  ger deter i ed by 
the de ivery f the c i s—a  70 superc ducti g c i s 

have bee  a ufactured  A t gether  ab ut ha f f the 
c i s have successfu y passed cry  a d high v tage tests  

After a revisi  f the asse b y schedu e a d a re rie ta
ti  f the start up require e ts f We de stei  7 X  the 
c p eti  f the asse b y is w f resee  f r 2014  The 

ai  easures t  achieve this c p eti  date are i te si
fied shift w r  the issi  f 45 p rts  a d a start up 
c figurati  with ut active y c ed i vesse  c p
e ts  A th ugh i  the g ru  the issi  f p rts ay 

reduce the experi e ta  f exibi ity  e f the scie tific 
b ectives f We de stei  7 X wi  be affected

Duri g the first tw  years f p as a perati  with ut 
active c i g  high p wer perati  f up t  8–10 W 
wi  be i ited t  5–10 s  The avai ab e heati g syste s 
wi  be either 8 W f e ectr  cyc tr  res a ce heat
i g  a ready prepared f r steady state perati  r 7 W 

f eutra  bea  i ecti  resu ti g i  a t ta  f ab ut 11 
W i ited by the p wer supp ies  At a 1 W p wer 

eve  discharge durati s f ab ut 50 s wi  be p ssib e  
First experi e ts wi  f cus  prepari g f r the ater 
steady state perati  by verifyi g the divert r heat ad 
distributi   de strati g i pr ved e c assica  c
fi e e t i  the w ea  free path regi e  a d  first 
atte pts t  deve p a  i tegrated high de sity  i pr ved 
c fi e e t regi e

This i itia  phase wi  be f wed by a 18 th shut
d w  f r upgradi g We de stei  7 X t  its fu  steady
state capabi ity  This i c udes i  particu ar the i sta ati  
f a  active y c ed divert r f r heat f uxes f up t  10 
W 2

W7-X Newsletter
Coordination: Prof. a. D. Dr. Robert Wolf
Contact: Dr. Andreas Dinklage
E-mail: andreas.dinklage@ipp.mpg.de 

Fig  2  A c p eted ha f du e  its way t  the ext 
asse b y sta d (ph t  Beate e it  IPP)

Fig  3  The tw  ha f du es i  asse b y sta d II (ph t  
A t e Richter  IPP)

Fig  4  The ext p a ar c i  is waiti g f r asse b y 
(ph t  A t e Richter  IPP)
rat r ews 2 Apri  2008



Ste a
We de stei  7 AS review 
pub ished
The review a r Resu ts fr  the Ste arat r We de
stei  7 AS” has w bee  pub ished i e by P as a 
Physics a d C tr ed Fusi  at http www i p rg E

ur a page featured 0741 3335  The pri ted versi  
wi  appear i  the ay issue  

We de stei  7 AS (W7 AS) was the first ste arat r device 
that used du ar fie d c i s i stead f arge he ica  wi d
i gs  The successfu  perati  pr ved that three di e
si a  (3D) ag etic fie d c figurati s with f ux 
surfaces f high qua ity ca  be pr duced by du ar c i s  
Thus this c cept pr vides the tech ica  basis f r bui di g 

pti i ed ste arat rs  which use du ar c i s  W7 AS 
was the first step t  test s e f the basic e e e ts f ste
arat r pti i ati  a d it sh wed that esse tia  pti i a

ti  criteria ca  be et si u ta e us y  a e y  

A  i pr ved equi ibriu  with reduced Shafra v shift 
a d i pr ved stabi ity pr perties resu ted i   β va ues up 
t  3 4% (at 0 9 T)  The ag itude f the bserved Shafra

v shift as we  as its depe de ce  the r tati a  tra s
f r  are c siste t with predicti s  The β i it was 
deter i ed by p wer ba a ce a d i purity radiati  with
ut ticeab e degradati  f stabi ity r a vi e t c
apse  f i p rta t perati a  va ue are the s w ti e 

sca es f the p as a decay a d the abse ce f curre t
drive  i stabi ities c se t  the perati a  b u daries at 
the de sity a d  β i its

A partia  reducti  f e c assica  tra sp rt i  the p ateau 
regi e was achieved by a  average e gati  f the f ux 
surfaces a d bey d this by the e c assica  i pact f the 
radia  e ectric fie d  F r high c re te peratures  e c assi
ca  tra sp rt with its str g y risi g te perature depe
de ce prevai s  F r these c diti s  the experi e ta  
resu ts were i  g d agree e t with ca cu ati s c fir
i g the re iabi ity f e c assica  predicti s a d the feasi
bi ity f the c cept f drift pti i ati  A fu  
e c assica  pti i ati  was bey d the sc pe f this 

pr ect  Because f this the b tstrap curre t was sti  
t a a i e” a d  desig  eff rt has bee  ade t  

reduce it by further pti i ati  but the easure e ts 
agree we  with the expectati s  givi g c fide ce i  the 
desired i i i ati  f the b tstrap curre t i  W7 X

The e ergy c fi e e t was ab ut a fact r f 2 ab ve 
ISS95 with ut degradati  ear perati a  b u daries  A 

u ber f i pr ved c fi e e t regi es  such as c re 
e ectr r t c fi e e t with ce tra   a d 
regi es with str g y sheared radia  e ectric fie d at the 
p as a edge resu ti g i   were btai ed  
W7 AS is the first t a a  device t  have achieved 

the H de a d re ver deve ped a high de sity H
de (HDH) regi e with str g y reduced i purity c

fi e e t that a wed quasi steady state perati  
( ) at 2 5 T a d de sities  
(exceedi g the Gree wa d i it f a  equiva e t t a a  
by a fact r f 2 5) u der de a di g c diti s (β > 3%  
τp τE  2)

A variety f h ic heati g a d curre t drive sce ar
i s by ICRH  BI  a d  i  particu ar  ECRH were tested 
a d c pared successfu y with the retica  predicti s  I  
rder t  exp re the ste arat r specific high de sity path 

t  a react r regi e  ew heati g sche es f r verde se 
p as as were deve ped  such as RF de c versi  
heati g— rdi ary de  Extra rdi ary de  Ber stei
wave ( XB) heati g— r sec d har ic de ( 2) 
heati g

F r the first ti e i  a he ica  syste  a du ar is a d 
divert r was tested  with app icabi ity t  W7 X a d c
ceptua y t  a ste arat r react r  The divert r was per
ated with stab e partia  detach e t  i  agree e t with 
u erica  si u ati s  

W7 AS aid the physics bac gr u d f r perati  f a  
pti i ed w shear steady state ste arat r  but its c

p e e tary characteristics a s  have he ped t  better 
u dersta d the t a a  This app ies t  the differe ces i  
fie d structure  e g  w g ba  shear r str g t r ida  vis
c sity  t  features f the H de  e g  the existe ce f i ta 
wi d ws r the r e f the e c assica  e ectric fie d at the 
p as a edge  t  the spectru  f A fv  waves u der 
str g shapi g  t  the b tstrap curre t  which ca  be 

uch re easi y easured with ut i ductive bac
gr u d  t  the b u dary ayer a d divert r physics with 
3D effects e g  with ca  i iters r erg dic b u dary 
ayers at the t a a  edge  a d t  the physics f pera

ti a  i its—th se sub ect t  HD r p wer ba a ce  
This ist c u d be exte ded

W7 AS ceased perati  id 2002 (Fig  1)  The c ti ua
ti  f the experi e ta  ste arat r w r  f IPP is expected 
by 2014  This gap ref ects the step fr  a ab rat ry based 
experi e t  W7 AS  t  the superc ducti g steady state 
syste  W7 X  with fabricati  a d asse b y c p exity 
a d the cha e ge f high perf r a ce perati  requiri g 
a c p ete y active y c ed first wa  divert r  a d i
vesse  c p e ts  Fusi  p wer p a ts ust perate i  
steady state  this de a d is i p sed by ateria  aspects  
by their arge p wer t  the grid  a d p ssib y by c peti
tive c siderati s with regard t  the ext ge erati  f 
fissi  react rs (Ge erati  IV)  The ch ices i  fusi  are 
either 3D syste s with i creased echa ica  c p exity 
but be ig  perati a  characteristics r 2D syste s with 
higher perati a  c p exity  The perf r a ce f W7
AS has sh w  that pti i ed ste arat rs are a  pti  
with high p te tia  

Te 7keV≤

Ti 1.7keV≤

τ 65τE≈ ne 4 1020× m 3–≅
rat r ews 3 Apri  2008



Ste a

Fig  1  The W7 AS Tea  i  the experi e t ha  at the fi a  shutd w  i  u y 2002
Matthias Hirsch for the Wendelstein Team
Division W7-X Physics
Max-Planck-Institut für Plasmaphysik
D-17491 Greifswald, Germany
E-mail: Matthias.Hirsch@ipp.mpg.de
rat r ews 4 Apri  2008



Ste a
Evide ce f g dista ce c r
re ati  f f uctuati s duri g 
edge tra siti s t  i pr ved 
c fi e e t regi es i  the 
T II ste arat r
First  a d sec d rder phase tra siti  de s with E×B 
sheared f w as a ey i gredie t have bee  i v ed t  
exp ai  the tra siti  t  i pr ved c fi e e t regi es 
1–4  a  f ws have a s  bee  suggested as a  i p r

ta t i gredie t t  exp ai  the w t  High ( H) tra siti  
i  ag etic c fi e e t devices 5  6 a d refere ces 
therei  I  the fra ew r  f the physics f sec d rder 
phase tra siti  the c rre ati  e gth f f uctuati s a d 
the re axati  ti e (i  the rder para eter) are expected t  
diverge at the tra siti  p i t  Thus  the deve p e t f 
edge p as a diag stics t  characteri e the e erge ce f 
sheared f ws a d t  qua tify the degree f g ra ge 
c rre ati  ca  pr vide re eva t i f r ati   echa
is s i v ved i  the tra siti  t  i pr ved c fi e e t 

regi es  

I  the T II ste arat r  sheared f ws ca  be easi y drive  
a d da ped at the p as a edge by cha gi g the p as a 
de sity 7  8  r duri g biasi g experi e ts 9  The 
experi e ta  resu ts  the e erge ce f the shear f w 
ayer i  T II have s e f the characteristics f a tra si

ti  a d are c siste t with the expectati s f sec d
rder tra siti  de s f turbu e ce drive  sheared f ws 
3  I  particu ar  easure e ts f the re axati  ti e f 

exter a y i duced e ectric fie ds sh w that a  i crease 
ab ve the thresh d gradie t triggers the deve p e t f 
sheared f ws  i  agree e t with the de  10  The 
rece t deve p e t f tw  sets f a g uir pr bes 

cated at tw  t r ida  p siti s i  the T II ste arat r 
a es this device a  exce e t ab rat ry f r i vestigati g 

g dista ce c rre ati s duri g the tra siti  t  
i pr ved c fi e e t regi es  

Experi e ts were carried ut i  the T II ste arat r i  
e ectr  cyc tr  res a ce heated p as as (PECRH ≤ 
400 W  BT  1 T  〈R〉  1 5  〈a〉 ≤ 0 22  ι(a) 2π ≈ 
1 5–1 9)  The p as a de sity was dified i  the ra ge 
(0 35–1) × 1019 −3  Differe t edge p as a para eters 
were si u ta e us y characteri ed at tw  t r ida  p si
ti s appr xi ate y 160  apart usi g tw  si i ar u ti

a g uir pr bes  i sta ed  fast recipr cati g drives 
(appr xi ate y 1 s) 11  The arra ge e t f b th 
pr bes i  T II is i ustrated i  Fig  1

 

e f the pr bes (Pr be 1) is cated i  a t p wi d w 
e teri g vertica y thr ugh e f the c r ers” f its 
bea shaped p as a a d at φ  35  (where φ is the t r i
da  a g e i  the T II refere ce syste )  Pr be 2 is 
i sta ed i  a b tt  wi d w at φ = 195  a d e ters the 
p as a thr ugh a regi  with a higher de sity f f ux sur
faces (i e  wer f ux expa si ) tha  Pr be 1  te that 
the fie d i e passi g thr ugh e f the pr bes is appr xi

ate y 150  p ida y disp aced whe  reachi g the t r i
da  p siti  f the ther pr be  which is re tha  5  
away  A graphite e ectr de (12  high  25  dia ) 
was deve ped f r biasi g experi e ts  T II a d has 
pr ved t  be a va uab e t  f r c tr i g the edge 
p as a e ectric fie d a d c seque t y f r p aci g the 
p as a i  a  e ha ced c fi e e t regi e  Edge radia  
pr fi es f differe t p as a para eters have bee  ea
sured si u ta e us y at the tw  separate t r ida  ca
ti s  

The deve p e t f sheared f ws at the p as a edge f 
the T II requires a critica  va ue f p as a de sity r de
sity gradie t that depe ds  g ba  p as a para eters 
12  Fast i agi g f the p as a edge i  sh ts with differ

e t va ues f de sity a s  revea ed a  effect f the shear 
ayer  turbu e t structures  i  g d agree e t with 

pr be resu ts 13

The perpe dicu ar e ectric fie d f uctuati s (i e  the tur
bu e t radia  ve city ) a d the perpe dicu ar 
phase ve city easured at the p as a edge as a fu cti  

f p as a de sity are sh w  i  Fig  2  easure e ts have 
bee  btai ed si u ta e us y with b th pr be syste s  

cated at appr xi ate y the sa e radia  p siti  (ρ  r a 
≈ 0 9)  whi e cha gi g de sity fr  sh t t  sh t  The f uc
tuati  eve s a d the turbu e t tra sp rt i crease as de
sity i creases t  the critica  va ue f r which sheared f ws 
are deve ped  F r de sities ab ve the thresh d  a d ce 
sheared f ws are fu y deve ped  the f uctuati  eve  
a d the turbu e t tra sp rt s ight y decreases a d the edge 

Fig  1  Sche atic view f the cati s f the tw  pr bes 
(thic  arr ws) a d their p siti s re ative t  the T II 
p as a

vr Eθ B⁄
rat r ews 5 Apri  2008



Ste a
gradie ts bec e steeper  Edge sheared f ws are deve
ped at the sa e thresh d de sity i  the tw  t r ida  

p siti s

The deve p e t f edge sheared f ws has a s  bee  
i duced i  T II usi g a  e ectr de that exter a y i p ses 
a radia  e ectric fie d at the p as a edge  The resp se f 
the p as a t  biasi g is differe t at de sities be w a d 
ab ve the thresh d va ue eeded t  trigger the sp ta e
us deve p e t f E×B sheared f ws 9  but it is si i
ar at the tw  t r ida  cati s

F ati g p te tia  sig a s easured at b th t r ida  ca
ti s sh w a stri i g si i arity ai y f r w freque cy 
c p e ts  c trary t  that bserved i  the i  saturati  
curre t sig a s  This si i arity is bserved at differe t 
ti e sca es  but it is re c ear duri g f uctuati  eve ts 
with ti e sca es i  the ra ge f 0 1–1 s re ated t  the 
shear f w deve p e t 10  T  qua tify the si i arity 
betwee  pr be sig a s  the t r ida  cr ss c rre ati  has 
bee  c puted f r a wide ra ge f T II p as a c di
ti s  i c udi g a i e averaged de sity sca  as we  as 

with a d with ut e ectr de bias i  p as as with ut HD 
activity as sh w  by the pic up c i s i sta ed i  T II  

The t r ida  cr ss c rre ati  f the f ati g p te tia  a d 
the i  saturati  curre t sig a s easured at differe t 
radia  p siti s f Pr be 1 whi e Pr be 2 is fixed at ρ a  
0 95 is sh w  i  Fig  3 with a d with ut biasi g  f r 
ECRH p as as a d with si i ar i e averaged de sity ( e 
≈ 0 65 × 1019 −3)  c se t  the critica  va ue  The i  sat
urati  curre t t r ida  c rre ati  is very w i  agree

e t with previ us easure e ts f the para e  
c rre ati  i  the scrape ff ayer (S ) regi  that have 
sh w  a  i crease f c rre ati  y whe  pr bes were 

cated at the sa e fie d i e 14  15  H wever  the c rre
ati  betwee  f ati g p te tia  sig a s is sig ifica t  par

ticu ar y duri g biasi g whe  it i creases whi e the i  
saturati  curre t c rre ati  is i  the ise eve  ra ge  
The axi u  f ati g p te tia  c rre ati  is bserved 
whe  the pr bes are appr xi ate y at the sa e radia  ca
ti  The t r ida  c rre ati  sh ws a axi u  i  the 
regi  ust i side the CFS  b th with a d with ut bias  
bei g eg igib e ear the S  

Figure 4 i ustrates the depe de ce f the t r ida  f ati g 
p te tia  c rre ati   the i e averaged de sity (f r the 
sa e sh ts prese ted i  Fig  2)  It is bserved that the 
cr ss c rre ati  depe ds  the de sity  bei g arger as 
de sity i creases t  e ≈ 0 6 × 1019 −3  which c rre
sp ds t  the thresh d de sity f r shear f w deve p

e t f r the se ected p as a c figurati  (see Fig  2)  
A th ugh experi e ta y the exter a  c tr  used is the 
p as a i e averaged de sity  the ca  p as a para eters 
(i e  i  saturati  curre t gradie t) sh u d be used as a 

Fig  2  Averaged e ectric fie d f uctuati s a d perpe dicu
ar ve city easured at tw  t r ida  cati s a d at 
appr xi ate y the sa e radia  p siti  (ρ a  0 9) as a 
fu cti  f p as a de sity
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Fig  3  Cr ss c rre ati  fu cti  f r f ati g p te tia  a d 
i  saturati  curre t sig a s easured at differe t radia  
p siti s f pr be 1 (whi e pr be 2 is fixed) with a d with
ut biasi g i  ECRH p as as with si i ar i e averaged 

de sity ( e ≈ 0 65 × 1019 3) i  b th regi es

τ (μs ) τ (μs )
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Ste a
re suitab e c tr  para eter 3  The i crease f c rre
ati  with de sity resu ts ai y fr  the rise i  the c r

re ati  at w freque cies (be w 20 H )  

Figure 5 sh ws the ti e ev uti  f p as a de sity a d 
the cr ss c rre ati  betwee  i  saturati  curre t a d 
f ati g p te tia  sig a s ( easured by Pr bes 1 a d 2)  It 
sh ws c ear y the i crease i  the f ati g p te tia  cr ss
c rre ati  duri g the biasi g phase  with a ti e de ay f r 
the axi u  cr ss c rre ati  i  the ra ge f 5–10 μs i  
the differe t sce ari s  as the radia  e ectric fie d (a d s  
the sheared f ws) deve p first at Pr be 2  rather tha  at 
Pr be 1   the c trary  the degree f g ra ge c rre a
ti  is eg igib e i  de sity f uctuati s (as sh w  i  
Fig 3)  te that i  the biasi g experi e ts rep rted i  
Fig  5  the p as a de sity is be w the critica  va ue i  the 
phase with ut biasi g (t  100 s)  exceedi g the critica  
va ue duri g the biasi g phase (100  t  150 s)  ce 
the biasi g is tur ed ff  the de sity decreases  the ti e 
sca e f the partic e c fi e e t ti e (i  the ra ge f 
10 s)  whereas b th the e ectric fie d a d the degree f 

g ra ge c rre ati  decrease i  a uch faster ti e 
sca e  These resu ts sh w that the high degree f g
ra ge c rre ati  bserved i  f ati g p te tia  sig a s is 
c up ed t  the va ue f radia  e ectric fie d a d t t  the 
p as a de sity  

I  c c usi  T II resu ts sh w the i p rta ce f g
dista ce c rre ati  as a first step i  the tra siti  t  
i pr ved c fi e e t regi es a d the ey r e f e ectric 
fie ds t  a p ify the  The prese t fi di gs p i t ut the 
i p rta t r e f edge diag stic deve p e t t  charac
teri e si u ta e us y at differe t p as a cati s the 
structure f sheared f ws a d f uctuati s t  u rave  f 
physics f sheared f ws  C parative studies ste arat r  

t a a  (duri g H tra siti ) sh u d be sti u ated t  
pr vide a critica  test f r the H tra siti  physics ech
a is s
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