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Overview

« CAEs & GAEs candidates for core electron thermal
transport in NSTX

« Structure and amplitude of CAE & GAE én measured in
high performance NSTX-U plasma

— frequency and toroidal mode number measured via edge b-dot array
— internal amplitude (6n) measured with reflectometer array
— CAEs and GAEs identified via local dispersion relations

« ORBIT simulates diffusivity (y.) from mode effects on e
guiding center orbits in core (¥ = 0.15) of high
performance plasma

« Simulated y.from GAEs and CAEs (as shear modes)
compared to TRANSP experimental transport analysis

« Simulated y, less than inferred from experiment (TRANSP)
* Future work includes more accurate treatment of modes
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Motivation: CAEs & GAEs candidates for
core electron thermal transport in NSTX

f(MHz) 2 Mw
1 v

* Anomalous y, observed in 10 Bt
core of NSTX beam heated
plasmas =

» Stochastization of e~ guiding
center orbits proposed to
enhance y,

— compressional (CAE) & global (GAE) °3

AIfVén elgeandeS eXCIted by 02 04 06 08 00 02 04 06 08
ria

Doppler-shifted CyCIotron resonance D. Stutmar:/aetal.,PRL102115002 (2009)]
with beam ions [N. N. Gorelenkov, NF 2003]

— CAE & GAE activity correlates with enhanced ¥, in
core of H-mode NSTX beam heated plasmas

[D. Stutman, PRL 2009; K. Tritz, APS DPP 2010 Invited Talk; N. A. Crocker, PPCF 2011]
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Structure and amplitude of CAE & GAE 6n
measured in high performance plasma

* High frequency AEs observed in o
6 MW beam-heated H-mode plasma

e Structure measured with g
reflectometer array NG
- Toroidal mode numbers (n) and \w;:““““
frequencies (f) determined with S —_. -

edge B—dOt array time (msec)

n, and O-mode cutoff locations

 Modes identified USing: 75'GHZ'z'2.5<37|3zG|_|
6f z
— measured mode structures, f & n 3 shot 141308 S~87:5 GHz
: : : o 4| 1=562ms 60 GHz
— local dispersion relations: ° 4 51.5 GHz s
CAE (compressional Alfvén): o? = k?V,? = ,| magnetic axis 37scHz § 456tz
GAE (shear Alfvén): o? = k?V,? 325 GHz
0 L 2
* ORBIT y.modeling with measured 1 2 R(m 16

modes will be compared with experimental transport
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Toroidal mode numbers and frequencies
determined with edge B-dot array
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 Modes appear as peaks in ob spectrum

freq (kHz)

* n determined from 6b measured by S |
edge toroidal array of B-dot coils Rl e |

B-dot coil
locations

— method: find n that minimizes y#:

2
42 = —‘z She-ind /<N¢z |5b|2>
Vo Vo

N¢:1O IS number of coils.
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« Smallest coil spacing is 10° =
Can diStinglJiSh |n| S 18 400 450 500 550A 660 W650 760
time (msec)
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Reflectometers provide radial array of
measurements

NSTX cross-section . Two arrays: “Q-band” & “V-band”

| —Q-band: 30, 32.5, 35, 37.5, 42.5, 45, 47.5 & 50 GHz
—V-band: 55, 57.5, 60, 62.5, 67.5, 70, 72.5 & 75 GHz
\Lss * Arrays closely spaced (separated ~ 10° toroidal)
 Single launch and receive horn for each array

 Horns oriented perpendicular to flux surfaces =
frequency array = radial array

 Cutoffs span large radial range in high density
plasmas (ng~1—7 x 10'° m-3)

ne and O-mode cutoff locations
75 GHz )

Launch and Receive Horns

72.5 GHz
6l 70 GHz
‘N shot 141308 GHST-S GHz
£ t=582ms 60 GH
30-50 GHz 2 4} 57.5 GHz
° 55 GHz 2(7) <5;ng
- o n, from 37.5GHz & 45GHz
55°75 GHz S 2f  Multipoint 35 GHz & 42.5 GHz"
(not shown: horns Thomson 32,5 Gz
modified to optimize | o L Scattering -
. 1 1.2 1.4 1.6

for frequency range) R(m)

@ NSTX-U 58th APS DPP, San Jose, CA - “Simulation of CAE/GAE heat transport”, N A. Crocker (11/2/2016)



Reflectometers measure local density
fluctuation in plasma

Microwaves propagate to “cutoff” layer, where density high
enough for reflection (o, = o)

Microwave (“O-mode”) propagation

— Dispersion relation of “ordinary mode” 14 Reflection oceurs at cutoff |
microwaves: o? = w,2 + c?k?, 12} .
w,? proportional to density 1f o} /0’ o= density s
(wpz = e?n/ 80me) r:]§0.8-propagating E evanescent
— k—> 0as w— w, 0. N ¥
microwaves reflectat k=0 0411 A-feb et
Reflectometer measures path " U |/ TBtectric fie|d
length changes of microwaves 0 05 ¥ 1 15

reflected from plasma
— phase between reflected and launched waves changes (6¢)

Wave propagation controlled by density — 6¢ depends on én
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on determined from reflectometer
measurements using synthetic diagnostic

Cutoff displacement basis functions

° Synthetlc dlagnostlc uSed to mOdel (cu?i_c “B-splines”; cutoff locations as knots)

reflectometer response (§) to 6n o da®
— WAKB path lenath (L) approximation:
wl%,(R)=w2 6t
L=L,+&= [ \1-w}(R)/w’ dR w \
edge 04}
w: =w;, +0w, xn, +0n \
. . 0.2}
» Perturbation modeled with \h
cutoff displacement (d.): CEEEYRRETY (m)1_-3 P
— 8wp® x 8n(R) = 2:iaidc,i(R)vno(R) 14
— Find a, to minimize oa2] Cmeas N SMOOMNd S
Xzzzi(gi,meas_gi,ﬁt)/Gzi,meas 01} 13
. e . . — 0.08} on/ng(0) (x10)
* Fit sensitive to noise in ¢ .. £ 006l f2
gradient soal de 107
| I
= smoothed ¢, ... used for sool
Inversion oL OO KHz 174 0

1 11 12 13 14 15
R (m)
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Structure and amplitude of CAE & GAE 6n
measured in high performance plasma
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- Observed modes identified as: ;-7 CAES = —— GAE

'shot 141398 L o
— GAEs: f<~ 600 kHz, t=5§80-583 ms : : .
=-6—-8 E :

— CAEs: f> ~ 600 kHz,
=-3--5

i
P
7

on (normalized)
N

« CAEs have larger 6nin core

o

* GAEs have larger 6n in edge ”
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ORBIT used to simulate effects of modes on
electron guiding center orbits

» Uses realistic equilibrium B-field:
B=VX(V6 — Y, V() =gV(+1VO + 6V, and V{j =
qvVy,
* Includes time-dependent electromagnetic perturbations
via perturbed vector and space potential:

E=-(0,0B+V@), with ¢ chosen to ensure E;=0
« Equations of motion from Lagrangian formalism:
L(pll) l|Jp, 9, Z' atplli atquJ ate' atc' t) —

[W+(py+a)I]o6 + [(py + )g—,]0,C- H
where H = p,*B* /2 + uB + ¢, and p,=v/B

[R. B. White, PPCF 2010]
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x.from GAEs simulated for 6 MW H-mode
141398, t = 0.58 sec

357

'TRANSP NSTX 1
141398B01 ]
t = 0.580 sec .

« Anomalous core y, (~ 35 m?/s)in 6 :
MW H-mode (141§98 t = 0.58 sec) 30;

— TRANSP experimental transport analysis é 25

e guiding center orbit spreading iE;ZOi
simulated by ORBIT => y, LR

simulation

1 location
— initial isotropic thermal population 10 -
(Te =1 keV) at 1lle/2 =0.15 0.2 0.4\/lp_0 6 0.8 1.0
— B-field from experiment (B;,=0.45 T)
— no collisions --8-2-
— spreading => D,, x, = zDe 393 -7 -1 0.11
. 8 GAEs 401 -8 -2 0.3
436 -7 0 0.12
—¢...~0.4 mm 491 8 0 006
_w:]{H[/A=>|m|=O_2 515 -7 1 0.21
563 -6 2 0.05
— poloidal+toroidal Fourier modes used 567 -8 1 025
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x.from GAEs in simulation much less than
from experlmental transport

100.000 ¢
.: Experiment
10.000 -
_ 1.000-
£ g
€ i
0.100 -
0.010- - i
- 6.24e-03*(scale factor)>" *
[ = Ae
0.001 | | | | T
1 10

scale factor

* Xe<< 1 m?/s at experimental amplitude, &
« scaling study shows y, sensitive to amplitude: y, o &-76
* need ¢ = 10%(éq4pt) for agreement with TRANSP

@ NSTX-U 58th APS DPP, San Jose, CA - “Simulation of CAE/GAE heat transport”, N A. Crocker (11/2/2016) 12



Inclusion of CAEs as shear modes
iIncreases simulated y,, but still not enough

« 7 CAEs (15 CAEs+GAEsS) 1-5-41
» 6n typically much larger for CAEs => 633 -4 5 123
much larger § needed to explain on 648 -1 8 105
—&..~1.8 mm (CAEs+GAEs: 1.9 mm) EE T B
720 010 0.36

* much larger m needed B B e R
- w=kV;=>|m| =4-10 800 -4 7 0.32

* Xe =8 m?/s at $expt CAE+GAE
— expect 2 m?/s from just GAEs at comparable &,

= higher k;, (or higher m) => more effective breaking of
adlabatlc constants of motion?

= more modes = more stochastic?

* Xe =39 m?/s ~ Xesrexpt at 3*(§expt, CAE+GAE)

* Treatment as CAEs would probably give smaller y,
—¢= 6n/Vn (GAE) vs. £ < 6n/kgy (CAE)
— shallow core Vn: n/Vn < kg
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Conclusions

« CAEs & GAEs candidates for core electron thermal
transport in NSTX

 Structure and amplitude of CAE & GAE 6n measured
in high performance NSTX-U plasma

* y.from GAEs simulated in core (¥” = 0.15) for high
performance plasma
— ORBIT used to simulate effects of modes on e~ guiding center
orbits
* y.from GAEs in simulation much less than from
TRANSP experimental transport analysis

* Inclusion of CAEs as shear modes increases
simulated y,, but still not enough
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Future Work

* Implement more physically realistic poloidal structure
— currently, poloidal Fourier modes assumed
— kv, and amplitude vary unphysically with poloidal position

« CAEs need to be included as compressional modes
— compressional modes not fully implemented
— ORBIT is currently being modified

« Simulation with eigenmodes from codes
—HYM, CAE3B, CAE
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