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NSTX iIsaMA-class Spherical Tokamak
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NSTX has achieved (3,,[ 20% plasmas
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e Data shown below: e |JaB,=2-6
— EFIT reconstructions using * [,<0.55=> paramagnetic
external magnetics only e Origina Troyon definition of 3
* [Bys3-4atpeak Wigr better fit to present data
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Highest (3 shots experience fast [3 collapses
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H ighest B shots hlave q(O) <1
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Highest [3; shots often exhibit saturation
@NSTX

Highest 3, shotshave q(0) = 1
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RF heating during I, ramp can lower p(0)/{p), raise q(0)
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Achieved =15% at low-li [
0.5-0.6 using early RF+NBI

B-collapse caused by edge MHD
Possibly useful for “AT” regimes

USXR Fluctuation (104402)
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Beam-driven MHD activity observed in many discharges
@NsTX

INn NSTX V 14V
Beam Alfven : :
— Stronger velocity space instability drive » TAE-like modes observed:
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NBI also excites high-frequency MHD activity
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ogf T T T 1 rrrrprrrrprrrr1° Observed Characteristics:
: wsesz/10%6%6 3 _ f=0.5-1.5 MHz
§2-03_ OB/MN B — w OAlfven speed
31.53_ . B; ramp-up /- — W depends on fast particle source
?-)—1'0__ :“a‘«%‘: v 1 ¢ Compressional Alfven Eigenmodes
T o5l TT ™~ B, ramp-down - (N. Gorelenkov - Nuclear Fusion ‘95):
: T PNBI,y ‘ H — Compronal =% DkD\/.Alfven
oobr=t v | v 1=l L — Perpendicular resonance with
0.1 Timoéz(sec) 0.3 beams: & [0 - K,V geam

For NSTX parameters:

k, L2-4m = weak electron
and ion Landau damping
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— Discrete frequencies =
different poloidal m-numbers

e Observed splitting (100-200kHz)
similar to model predictions
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CAE modes can be guasi-continuous
or bursting in character
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e Burstsyield growth/damping rates [0 10%/s or y/w O 0.15%.

 All modes grow/damp together.
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Peak rms fluctuation
level (0.5-2.0 MHZz)
at probes is

¢ 10-15mG
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NST X confinement exceeds L-mode scaling
@NSTX

« NSTX confinement best fit by H-mode scaling
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e Plasmasw/ and w/o H-mode transitions have ssimilar H-factors
« (Good confinement has allowed rapid access to 3 limit
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H-mode 1 increases to [1100ms prior to ELM
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Some MHD-quiescent ohmic plasmas point
to the existence of a particle pinch
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Raising B increases discharge duration
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1.0] plasma | i w“' 1 1o 1 * RaisingB,, dramatically
- current | Mool 103887 ] increases pulse length
- (MA) B.= 3.0kG BN \ 103875 | f ] d
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e Beam injection starts at t=90ms for discharges shown
* Py = 1.2-25 MW
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Strong electron heating observed with HHFW
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Pge= 2.3 MW, Helium, k, =14 m*, B, =0.3T

shots: 1 1.2

103172 ]
103175

nel

Tkne(sécond)

* T.(0) increases to ~ 900 eV in helium plasma at Py = 2.3 MW

®* No density increase with RF and V,_ . decreases by ~ 30 %

loop

* Stored energy increases to 58 kJ (magnetic): [3; = 10%, B, = 2.7
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Kinetic profiles for non H-mode shot 104001
(I,= IMA, B, = 4.5kG, B,;=9%, W;o;=150kJ, Pyz=1.5MW)
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Power balance for 104001 not yet understood
@NsTX

« electron-ion coupling term dominates power balance
 |on conduction term appears as source = unusual

« Diagnostic calibration problems unlikely:
— Thomson Zett =2 for He plasmas, CHERs T; = Thomson T4 for ohmic shots

g lon Power Balance , Electron Power Balanc

] T T T | T \I T i I I I I | I I I I A
é 1 @ction\: . .
5 L - 7 lon-Electron Coupling ]
= i i 1 Beam Heating _|
o — .
al i Beam Heating -
3 7 Sources . Sources
R I e
| —-— _ -
=) ] Losses _ 4 Losses
= J dwildt — _
— _ = _1_
Q ] ] .
E -1 ] i
S . . i
o 4 lon-Electron Coupling - -
> T | T T T T -2 T T T T | T T T T

0 05 1.0 0 0.5 1.0
\/CDTOF 2001 EPS Conference - J.E. Menard \/CDTOF S Kaye



Comments on power balance for 104001
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,5x10°s"  GS2 Simulations « Linear gyrokinetic ssmulations (C. Bourdelle):
blue : 7" kyp,>>1  red:kp <2 — ETG growth-rate >> ExB shearing rate
2 | — ITG+TEM growth-rate < ExB shearing rate
1.5/ — 1-Huid X (TRANSP) isfound to be few times
Xj-neoclassical (see lower |eft)
1+
* Finite-amplitude wave ssimulations (R. White)
0.5¢
| — Large numbers of CAE modes may cause
Ot e stochastic ion heating below Q
B r/a | (Gates, White, Gorelenkov)
N S I'"m'-’”“““‘“'""5'““'7" « But, for 104001, even if all NBI power went
P — 1-FI|||¢11[TFEHHF-5F‘] ]

directly to ions, ion conductionis still <0
assuming classical electron-ion coupling

o5 L

i+ Fina resolution might involve

' : — lon-€electron coupling corrections

L 04001 - — anomalous ion heating mechanisms (CAE/TAE)
’ 0290s — other ion transport effects ?

11 3
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Summary Do

Beta limit encountered in NSTX for 3 < 3-4, (B\) <2

— Internal kink and possibly NTM presently limit performance
— Attempting to pusnh to higher |/aB and 3,
— RF = NBI targets with higher q(0) and broader p-profiles

TAE & CAE activity observed — small fast ion losses

Confinement is twice L-mode, follows 98pby2 scaling

— H-modes have 1¢ [1100ms confinement until first ELM
— No ELMy H-mode yet, and power threshold is 0.8-1.2MW

Power balance indicates negative ion conduction
— classical ion-electron coupling wrong?

— anomalousion heating from CAE/TAE?

— other ion trangport effects?
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