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Fast ion-induced CAEs and GAEs
could explain the unusually high
levels of electron thermal transport in
the core of high power NBI heated H-

mode NSTX plasmas.
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NB power has little effecton T,

Plasma Discharge Histograms
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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. Py,

- Overall plasma stored energy increases with Py, (T, profile broadening)
N /
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High frequency AE modes proposed as possible mechanism
for rapid electron thermal transport in plasma core

Convergence/divergence
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ORBIT simulated electron transport
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« AE activity correlates strongly with Py, steps and enhanced
core electron thermal transport

« ORBIT guiding center code used to simulate GAE-induced
q electron transport, scales as amplitude, o3
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ORBIT recently modified to study effects of
Compressional AEs on electron transport
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Electron transport at higher a, amplitudes shifts to lower

energy particles with higher vL/v||

1.0 Poincaré plot of electron trajectories
EE T —r :
' PR 3FHT Wiad Yo T 1 ;-«.z!v:r s
— bl s ‘g’ : ',0 ;. .
a,=1.4x104 G R
8 S St R I
_ AR AL Y
- 1.2 1fd § iﬂ}w I T B T
| 6 a!; {z. 1K . g [IJ ..’ i
= 411.0 A8 S LR I
= AR TSR L g i
~— moi" !}“'.“% 0y \ \ s\& (3 i_
= 10.8 HE IS I ] 1
S af | dUalipie o2 0 ) gy 0
< —1'2§| 4 '-'.f-'. N "‘! i!! i
3 M IEC IR YL R R
| 'é“ 3i§l'§§3 Vt, i : ;‘,. i! ;2
2 —2F 4t grons i ..3*53.‘ i
£ R ISEPIN B L LT i
| i;gs;; i ;':5“;:; i
ol i e BORE A g 1 ¢! AdE p
10 10 _ 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
E(ke‘/) -15 -1.0 -0.5 0.0 0.5 1.0 V ¢N
Passing e~ diffusion Ay, (103)
9 Poincaré plot of electron trajectories
10 i | i L
a,=5.2x10% :
sl .ﬁ- — 47
o 16
| (=
S 15
= af {4
5L e e W Trapped e diffusion
0 1
107 10 10 . 0
E(keV) -15 -1.0 -05_ 00 05 1.0 V Un

log(E)(keV)

NSTX-U (@]OHNS HOPKINS 54t Annual APS-DPP - CAE/GAE induced e~ transport, K. Tritz (10/30/2012) 6 of 13



|€] (normalized)

0.

1.16

IE] (mm) @ R

ORBIT simulation of x_ using modes based on reflectometer
measurements consistent with TRANSP
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CAE/GAE core modes interact non-linearly to

enhance electron transport

ORBIT CAE modes

ORBIT simulated e- transport
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B+, trend in high power H-modes suggests CAE/GAE transport

may be mitigated for NSTX-U

- A
« CAE/GAE modes appear more virulent at low B, hypothesis:
- higher B reduces drive (lower v, /v,)
- higher B reduces mode amplitude (lower 6B,/B)
* NSTX-U will access higher Bz 0.45 — 1.0 T, reduce v /v, ~ x2
N J
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« Trends not fully understood, further investigation for CAE/GAE effect
« ‘Flattening’ of T, profile may be advantageous for improved stability
N J
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Summary

-

New results from modified ORBIT code demonstrate CAE
Induced core e™ transport with strong amplitude scaling

Simulations using mode parameters guided by measurements
predict e” transport that compares well to TRANSP y

Future Work

Modify ORBIT to accept direct GAE/CAE radial mode structures
from measurements

Use HYM code to predict GAE/CAEs for NSTX-U and future
devices for simulation of expected core e transport

Favorable T_j, scaling with B; suggest AE-induced e transport
could be mitigated on NSTX-U

Investigate the use of CAE/GAE antenna for active mode
mitigation/excitation and localized ) control
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ORBIT guiding center code used to simulate GAE effects on
electron thermal transport

N.N. Gorelenkov Nucl. Fus. 2010
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CAEs/GAEs at multiple locations enhances simulated
electron transport in plasma core

Model used for ORBIT simulations e ~
20 « ORBIT simulations with both shear and
compressional modes in plasma core
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