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lon Cyclotron Emission (ICE) is an Indicator of Energetic

lon Confinement that may be Relevant for ITER Plasmas

« |CE measurements correlate
with inverted energetic ion

populations in the edge, or
with losses

- ITER DT plasmas are expected
to produce ICE*

— magnetoacoustic cyclotron
instability (MCI) as the
production mechanism

— measurement acquired
through the ICRF antennas

*K.G. McClements, et al., Nucl. Fusion §5, 043013 (2015)
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DIlI-D Experiments with Well Known Neutral Beam Prompt Loss

may be an Ideal Case for Developing ICE Synthetic Diagnostics

DIlI-D
*  Full spectral measurements of ICE w00f Magnetics #141060
are being acquired from <%
connections to an ion cyclotron 200
range of frequencies (ICRF) antenna 08 [
0.6
§ 0.4
- Eight neutral beams produce ICE 0.2 :
spectral patterns according to their s a0 o5 o0 o5 10 s

RELATIVE TIME (ms)

four unique injection geometries

#141089
2319 ms

« Synthetic diagnostics allow ICE
measurements to be applied as a
fusion-alpha diagnostic in ITER

Magnetics

Volts

W.W. Heidbrink, et al., 4 ; 5 : ]
Plasma Phys. Conftrol. Fusion 53 (2011) RELATIVE TIME (ms)
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Wide Spectral Coverage is Required because

ICE can be Produced at any Location within the Tokamak

« lon cyclotron frequency has

a simple dependence on
plasma parameters

Wei = ——
™m

- Actualion cyclotron emission
has a complex dependency
on plasma parameters

— non-monotonic velocity space
distribution

— fast ions hitting the wall

— fast ions briefly passing through
a region of the plasma

. Dili-b
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ICE Measurements are Collected from Fast Wave Antenna Straps

Across a Wide Range of Plasmas Featuring Neutral Beam Injection

- Eight neutral beams provide variety

of injection and loss parameters DIll-D Top View

330° Beam 30° Beam
- Fast wave antenna formerly used for ] L

high harmonic electiron heating and
current drive (60 - 120 MHz)

« |CE measurement: StaBanarld
p

toroidal magnetic field fluctuations
Fast Wave Antenna

0
210° Beam N\ / 150™ Beam
Measurement Straps
180-degree Fast Wave Antenna
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Initial Measurements Indicate Unique ICE Specira

According to the Injection Geometry of Individual Beams

Counter Tangential

* Instrument the antenna Co-current Tangential

to collect data on every

Co-current Perpendicular
shot (200 MS/s) P
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Initial Measurements Indicate Unique ICE Specira

According to the Injection Geometry of Individual Beams

Co-lp, Perp. Ctr-Ip, Tan. Co-Ip, Tan.
—~ 1.5
* Instrument the antenna 03 10 Shot 164186
to collect data on every  £5os
shot (200 MS/s) =200
= -05

(@]
o

:
I
=) ' )
- Shots featuring single- : <
beam injection periods g i g
produce unique spectra 520 &
1
810I : 915 I|920 I:I925I — I930
! |
. . 80 ' L
- ICE differences likely : C
result from a combination  _*p .
of deposition and prompt S|
loss variation between Sk
neutral beams o |
O -
-20
0 20 40 60

Frequency (MHz)
g’;’,’-g DC Pace/43 EPS Conference on Plasma Physics/July 2016 1607-0012 /7

NATIONAL FUSION FAC
ssssssss



Variation of Edge ICE Power Suggests

Sensitivity to Beam Deposition and Prompt Loss Profiles

Reversed-Ip plasma
shot uses three
beams with same
ctr-1p, tangential
injection geometry

ICE power in edge
(8 - 9 MHz) increases
with plasma density

Edge ICE power is not
linearly correlated
with beam power
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Modeling Prompt Loss is used in Cases

where Local Loss Measurements are Unavailable

Shot 156356

—~ 50
(@)]
oge L] 8
Beam deposition is three- = 0
dimensional and includes 2
ionization in the % _50
scrape-off layer* S
o
O _100
Measurements with infrared . 5,
camera identify prompt loss &
wall heating in agreement o o
° (@)}
with modeled value <
T 50
o
o
O
o

N
o
o
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*M.A. Van Zeeland, et al.,
Plasma Phys. Control. Fusion 56, 015009 (2014)

C.J. Lasnier, et al.,
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Source of ICE Peak near 9 MHz is Beam lons in

the Plasma Edge and Those Hitting the Outer Wall

Only consider the beam ions
that occur outside of the 9 MHz
ICE surface

Deposition is most sensitive to
eleciron density

Prompt losses from counter-Ip
beams are large, here ~22% of
the injected 80 keV ions reach
the wall as prompt losses

Dili-D
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Source of ICE Peak near 9 MHz is Beam lons in

the Plasma Edge and Those Hitting the Outer Wall

« Only consider the beam ions
that occur outside of the 9 MHz
ICE surface

- Deposition is most sensitive to
eleciron density

*  Prompt losses from counter-lp
beams are large, here ~22% of
the injected 80 keV ions reach
the wall as prompt losses
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Source of ICE Peak near 9 MHz is Beam lons in

the Plasma Edge and Those Hitting the Outer Wall
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* lonization
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Source of ICE Peak near 9 MHz is Beam lons in

the Plasma Edge and Those Hitting the Outer Wall

Only consider the beam ions
that occur outside of the 9 MHz
ICE surface

Deposition is most sensitive to
eleciron density

Prompt losses from counter-Ip
beams are large, here ~22% of
the injected 80 keV ions reach
the wall as prompt losses
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Edge Beam lon Count is Consistent with

Increase in ICE Power, but not its Saturated Value

° A" II.hree beqms behave < T L e IHIIAHI|&3EI|£> IIIII 8”9]|Vl||l| llllll ]
N o C 4« Avg ower, z .
similarly and demonstrate 6
increases in edge ion “
deOSiﬁon Clnd prompf IOSS 2 Neutral Beam Power (MW)
number as density rises Y J— — — I— — :
15[ Line-averaged Density (10°m™) ;
« ICE power in the 8 - 9 MHz :
05
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Edge Beam lon Count is Consistent with

Increase in ICE Power, but not its Saturated Value

All three beams behave
similarly and demonstrate
increases in edge ion
deposition and prompt loss
number as density rises

ICE power in the 8 - 9 MHz
band reaches a near steady-
state value as edge ion count
continues to rise

Issues under review

— three-dimensional profiles of
deposition and loss

— full beam ion distribution in
edge region
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Full Spectrum lon Cyclotron Emission (ICE) Measurements

Provide Valuable Information Concerning Energetic lon Confinement

* ITER: ICE measurements are relevant to the confined
fusion-alpha population (burn contirol), and the
population of energetic ions in the edge or lost to the
wall (machine protection)

 DIII-D: full speciral measurements of ICE are being
studied under beam ion prompt loss scenarios that
produce unique spectral paiterns

 Well known beam ion distribution may serve as an
ideal test case for developing synthetic diagnostics
that allow ICE measurements to applied as a energetic
ion diagnostic in ITER

-
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Disclaimer

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, makes any warranty, express or
implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.
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