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NSTX
Exper im entt o drivean Ext ernalK i nk

• Ram p cur rent t o m aintain f ini teedgecur rent
densi ty and dr ivet heext ernalki nk

• Ram p down B-tort o reduceq_95

• Ear ly beam heat ing to keep q_m i n > 1



NSTX

Signat ureoft heedgecur rentdr iven
idealki nk

M HD eventassoci ated with

• A l argeper turbation atpl asm aedge
– Sm allorno per turbation i n cor e

– Low frequency non- axi sym m etricm ode

• Cor relation w ith q_95

• No i sl and st ruct ureon SXR contours

• M odef requency notl ocked t o pl asm a

• Par am etricdependence



NSTX

Exper im entalobser vat ion ofacur rent
driven ki nk



NSTX

M irnov si gnal sshow adi st inctgr ow ing m ode



NSTX

n=1 m odeinferred f rom phaseanal ysi s



NSTX

106004 – USXR signalshowsno i sl and st ruct ure



NSTX
A growing per turbation i sseen i n the

outerr egi on-106004



NSTX

Growth-rateisdet erm ined

τ ~ 2.1 m sec

filtered

integrated



NSTX

Theoreticalm odel ing

• EFI T
– m odelpr essur eprof ile

– cur rentpr of ile,f f’ ,adj ust ed to m atch m agnetics

– shapedet erm ined sel f-consi stently

• TRANSP
– usesEFI T shapeand q- prof ile

– ki neticpr essur e

• No M SE datato gui deq- prof ileconst raint



NSTX

M odelcur rentpr of ilesbased on 106004

<J.B> isvar ied
onl y neart heedge

<J.B> vs. Ψ



NSTX

Externalki nk m odest ruct ure

q
Edgedom inantm ode
struct ure
typi calofacur rent
driven ki nk



NSTX

Growth-rateshowst hecl assi cdependenceon q edge

fort heext ernalki nk



NSTX

Sim ulation ofECE si gnalf or106004

m =1

m =7



NSTX

Sim ulation ofECE si gnalf or106004 suppr essi ng
them =1 com ponent



NSTX
Growth-rateest im atesoft heor y and

exper im entar esi m ilar

To com parethegr owth-ratewem ustaccountf ort he

equi librium evolution.

Using theChance- Callen f orm ula:

τ  ∼  (3/2)2/3 (γM HD)
−2/3(γH)−1/3

γM H D=0.067( m sec)-1 γH=28(m sec)-1

τ τ τ τ = 2.5 m sec

Theexper im entalgr owth tim ewas
est im ated to be τ = 2.1 m sec



NSTX
W em ightexpectt hatast hem odegrowsitsrotation sl owsdown asi tcoupl est o theext ernalwal lsor

errorf ieldsand al ocked m odest artsto grow –
But

Thereisonl y asm al lbl ip in thel ocked m odesi gnalatt hetim eoft he β col lapse

Locked m ode
Growsatal ater
tim e



NSTX
Forsom eshot sthereisal argesi gnalon t heM irnov and al argebl ip in thel ocked

m odesignalatt hetim eoft he β col lapse



NSTX

106004 106002

Surprisi ngl y thei nternalosci llationsar elargeri n thecase
wherethereiscl earm ode- locki ng



NSTX

Thel ocked- m odesignalgr ows
rapi dly ataboutt hesam etim e
asal argei nternalosci llation
106004

Att~ 0. 170 s.
Externalm odesar edom inant

A tt~ 0. 195 s.
Internalm odesar edom inant



NSTX

USXR showsinternalosci llationsatt hetim e
when thel ocked m odegr ows-106004



NSTX

105993 i sanot hershotw i th an ext ernalm odest ruct ureand a
del ayed l ocked- m oderesponse



NSTX
Anotherexam pl eofl ocked m odegr owth when

ast rong i nternalm odei sseen on t heSXR



NSTX

M odechangesf rom externalt o internal -105993

δT = T-<T>

T



NSTX
In som ecasesl ocked m odesar eseen wi thout

acl earpr ecur sor (106000)



NSTX

M irnov si gnal sf or106000



NSTX
Thereisaconsi stentpat tern ofasm al lerr isei n thel ocked m ode

detect orsi gnalwhen t heSXR suggest san ext ernalki nk!

B_lock

B_rad

SH O T

33330.50.50.40.3

55865558

106000105998106003106002105995105993106005106004

Fastl ocked m ode
Int ernal + ext ernal
ki nk

Possi ble
ext ernalki nk

Clearext ernal
ki nk



NSTX
TheM HD signal sshow som eunusualst ruct uressuggest iveofacur rentf ilam ent

rotating pastt hecoi ls-105993



NSTX

Anotherexam pl eofaCFM -106004

Outboar d M irnov si gnal s(0<f<10 kHz) Sam esi gnal si ntegrated



NSTX

Sum m ary

• An ext ernalki nk i nst abi lity wasobser ved
undert hepr edi cted condi tions

• Det ai led anal ysi ssuggest sthatm ode
locki ng i srelated to internalm odes

• M oreexper im entaldat aneeded t o unr avel
som eoft henew issuesr aised



NSTX
Questionst hatcoul d beaddr essed i n thenextXP

• Can apur eext ernalki nk,w i th no i nternalcom ponent ,
causeadi sruption?

• Doest heext ernaler rorf ield coupl eto theedgeort hecor e?

• W hati stheroleofr otation on m odest abi lity?

• I stherean i nf luenceoft hewall,i .e.i sthem odeaki nk ora
RW M ?

• Doest hem odehavear ealf requency i n thepl asm afram e?

• W hati sthenon- linearbehavi oroft heki nk,doesi tr elate
to product ion ofacur rentf ilam ent?

• Can wechar act erizet heCFM ,cur rentf ilam entm ode,and
doesi tpl ay ar olein m ode-locki ng?



NSTX

Com parison ofcl earext .ki nk and m ixed i nt.+ext .ki nk



NSTX
Thereisaconsi stentpat tern ofasm al lerj um p in thel ocked m ode

detect orsi gnalwhen t heSXR suggest san ext ernalki nk!
SHO T Tim e Efi t-beta E-qm in E-q95 E-l i E- Ip J90% γγγγ (m secs) γγγγ-H(m secs) W allt im e B_locked Tor.Angl e T_l ock T_l ock T_l ock

106004 0. 17 11 0. 998 4. 66 0. 7 648 10. 6 2.5 27. 7 3. 4 1.1 150 0. 196 8 0. 3

106005 0. 17 11. 2 1 4. 75 0. 7 651 10. 1 2.6 30 3. 5 1.2 150 0. 189 5 0. 4

106009 0. 17 13. 9 1.05 4. 94 0. 6 760 13. 1 2.8 20 3. 9 2 180 0. 206 4 0. 6

106002 0. 21 16. 5 0.88 4. 4 0. 8 658 8 0. 6 22. 5 1. 6 2 150 0. 214 6 3

106003 0. 21 16. 5 0.87 4. 3 0. 8 658 8 0. 4 28 1. 7 2 150 0. 217 8 3

106006 0. 2 15. 8 0.83 4 0. 8 568 8. 8 2.3 38 3. 6 1.8 150 0. 204 8 2

106007 0. 2 14. 6 0.82 4 0. 8 570 9. 1 0.9 36 1. 1 2 150 0. 204 7 2

105993 0. 2 17. 6 0.93 4. 1 0. 6 810 11. 8 1.3 28. 6 3. 8 2 150 0. 198 5 0. 5

105994 0. 17 12. 1 1.04 4. 8 0. 6 727 13 3. 5 36 3. 3 1 150 0. 213 5 0. 5

105995 0. 17 12. 5 1.03 4. 74 0. 6 724 12. 7 3 27. 6 1. 6 1.5 150 0. 207 5 0. 5

106008 0. 17 11. 6 1.06 5. 3 0. 7 572 9 2. 1 22 2. 5 1.8 150 0. 192 6 0. 6

105998 0. 14 6. 5 1 5. 7 0. 6 590 14. 1 0.4 36 1. 5 2 330 0. 14 5 3

106000 0. 13 5 1. 1 6.5 0. 6 540 14. 7 0.4 18 1. 4 2 330 0. 135 5 3

106001 0. 14 3. 4 1.04 5. 9 0. 6 574 14 0. 4 56 1. 5 1.5 15 0. 143 3 2

106010 0. 15 8. 5 1.11 5. 8 0. 6 668 12. 7 0.8 36 3. 4 2 300 0. 156 0. 156 0. 156



NSTX

Signat ureofi dealki nk

• Lar geper turbation atpl asm a
edge

– Sm allorno per turbation i n
cor e

– Low frequency non-
axi sym m etricm ode

• Cor relation with q_95

• No i sl and st ruct ureon SXR
cont ours

• M odef requency notl ocked t o
plasm a

• Par am etricdependence
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So what’sthepr obl em ?

-Uncertainty i n prof ile
-M odefrequency i n pl asm a
fram e,r equi resr otation dat a

-Coupling to internalm odes
-Roleofer rorf ields
-M odelocki ng


