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NB power has little effect on T,

Plasma Discharge Histograms

Plasma stored energy Central Electron Temperature
2.0
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Teo (keV)
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« Database scan of >4000 NBI plasma discharges on NSTX

- Identify central electron temperature at maximum stored energy
« Large scatter observed, wide range of plasma discharges
« Small but noticeable decrease in T_; vs. Pyp,

N - Overall plasma stored energy increases with P, )
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Experimental reference discharges use LSN H-mode with NBI
preheat and beam steps for repeatable plasma conditions
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GAE modes proposed as possible mechanism for rapid
electron thermal transport in plasma core

D. Stutman, PRL 2009

Power spectra from
magnetic pickup coils

Convergence/divergence
of mode frequencies
evidence of GAEs
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*  GAE activity correlates strongly with P, steps and
enhanced core electron thermal transport
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Flat plasma profiles and high rotation shear suggest
suppression of electrostatic turbulence

VFI/F (m) vY(s™') ra=0.2,0.4

-15 | | |
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/

« Linear GS2 calculations show growth rates 20-100x lower
than shearing rate in plasma core over high and low-k range

«  TRANSP calculated fast ion profile shows gradient which can
drive fast ion modes in plasma
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No evidence of short or long wavelength turbulence in core of
many NBIl-heated discharges in NSTX

Preliminary BES data
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1000 141926-Ch. 3 _141926-Ch.4_ -Ch. 5
800 40 = = %
<600 g g e : s
> -60 - ' i | © = i
8 0.40 0.45 050 0.55 0.60 040 045 0.50 0.55 0.60 0.40 0.45 0.50 0.55 0.60
g Time (s) Time (s) Time (s)
3 400
5 141926 - Ch. 3 141926 - Ch. 4 141926 - Ch. 5
L -80 - 29[499.9 ms — Ao499.9 ms < 204999 ms
200 £ 30 < 30 L .30 MHD
@ 40 @ 40 @ 40
. A St -100 g 90 5 X g %
0 [ TR i e T 2 -60 g -60 5 90
0 200 400 600 800 1000 1200 1400 & 70 & 70 & 70
Time (ms) 2 1 0 1 2 2 1 0 1 2 2 1 0 1 2
Frequency (MHz) Frequency (MHz) Frequency (MHz)
BES Cross- power spectrum R =117&120cm 4 N
20 :
= | 479.5ms | * No evidence of broadband low-k
o B ] :
740 ] turbulent fluctuations on BES
T
¥ 60 1
5 | ] « High-k system also shows little to
2 .80+ : ol
S | no broadband high-k activity in
lasma (R=123cm
0 200 400 600 800 1000 P ( )
Frequency (kHz)
\_ )
@NSTX (@) JOHNS HOPKINS 2010 NSTX Results Review - GAEs & electron transport - K. Tritz - 11/30/2010 6 of 10




‘Bursting’ GAE mode activity may strongly affect predicted
electron thermal transport

Simulated electron thermal transport

FFT Bandpass 736 740kHz mode at 738kHz
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« Strong scaling of transport with o indicates mode amplitude peak
values dominate
 Peak amplitudes ~ x2 to x3 higher than time-averaged, rms
values from BES and magnetics
« Calculated electron thermal transport from peak GAE mode
L amplitudes roughly agrees with experimental TRANSP values
7 of 10 I
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Initial BES measurements show GAE peaking at R~120cm
(r/a ~ 0.36) in region of enhanced transport

~dn amplitude of 738kHz GAE

(81 normalized to NB density) dl/I amplitude of 738kHz GAE
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Measured mode displacement profiles from high-frequency

reflectometry matches BES profile data
N. Crocker (UCLA) BP9.58
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 Displacement of 0.35mm rms ({/R ~ 4x10%) indicates
dn/n ~ 4.5x10 roughly consistent with high-k in similar discharge

« Raw phase reflectometer signal shows strong 50kHz beating of
/00kHz oscillation with maximum amplitude ~0.9mm
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Summary

-

Flat core profiles and high y_ not explained with electrostatic
turbulence in high power NSTX H-modes

Strong correlation of GAE activity with NBI power and high
electron thermal transport

Measured GAE mode structure and amplitude roughly consistent
with predicted values of transport using ORBIT code

Future Work

Calibrated amplitude and time history data will be used with
ORBIT to further validate predictions of

Validation of the HYM code using GAE mode structure and
phase measurements

JHU proposed Ultra-Fast Dual-Energy SXR system will measure
poloidal structure of GAE mode, on_ and 6T in NSTX-U plasmas

I@NSTX
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