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ORNL SOL reflectometer is an important diagnostic to
understand HHFW physics

« ORNL SOL reflectometer on NSTX
was designed to originally measure
SOL density profiles at HHFW
antenna to study antenna-plasma
coupling

— antenna-plasma loading is exponentially

sensitive to distance from antenna to fast
wave cutoff

Location of reflectometer in 2001!

* Recent results® using 3D AORSA
simulation (with collisional damping
as proxy), demonstrates
Importance of fast wave cutoff
location

— If SOL density is too low, antenna-
plasma loading dominates loss

— if SOL density is too high, some SOL
absorption mechanism dominates loss

R
1 Bertelli, NF 2014
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ORNL SOL reflectometer on NSTX

ORNL SOL reflectometer used to measure
SOL density profiles (and density fluctuations)
since 20001

— Swept 6-27 GHz X-mode R-cutoff used

« Density coverage from ~ 5x10'® m-3 to 8x1018 m-3
— pair of circular double-ridge antennas with coaxial

Inputs are used to launch and receive waves

» can be manually rotated to adjust wave polarization
» located ~ 2 cm behind Faraday shield (~ 1.58m)

— 1/Q detector used and digitized at 5 Ms/s

 Digitization rate limited sweep speeds to 100us

Upgraded to measure sub-30 MHz RF waves
and PDI in 2005-20067

— separate receiver electronics and 100 MHz digitizer
used to detect signals

1 wilgen (unpublished)
2 Wilgen RSI 2006
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ORNL SOL reflectometer upgrades on NSTX-U

 Initial goal is to maintain and improve capability of ORNL SOL
reflectometer to measure density profiles on NSTX-U
— doubling of |B] on NSTX-U is expected to provide a challenge

» The use of only X-mode R-cutoff will require using 10-40 GHz, which will require substantial
modifications to electronics and transmission lines!

— use of 6 to 27 GHz X-mode L, R, and O-mode cutoffs will give same
density coverage on NSTX-U as 10-40 GHz X-mode R-cutoff operation

» using all modes will save time/money as well as provide measurements at larger range of |B|
» possibility of measuring |B| profiles?

— digitization rate upgraded from 5 Ms/s to 65 Ms/s

» Video amps, sweep driver circuit, cable lengths modified to upgrade sweep rate from 100us to
20ps.

« Density fluctuations and RF wave measurements are in future
plans

— upgraded 4 channel 65 MHz digitizer can also be used to measure 30

MHz RF waves
* No other modification necessary
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6-27 GHz X-mode R-cutoff frequencies can measure up to
~8%x10%® m-=3 on NSTX

- Simple study done to evaluate ¥ 30— A A
reflectometer response on ) gg X
> 3
NSTX and NSTX_U 8 15 — m = O-mode cutoff .
((b] [ mm X-mode L-cuto
— linear density profile assumed, B ~ S 10§ = X ode Feoutol o
45 T from EFIT on typical discharge @ S A
L
— X-mode L, R and O-mode cutoffs 1.501.521.541.561.581.601.62
shown
. X-mode L-cutoff surprising| in LFS SOL, : . — . ‘R
ahough for a lmited dendily range 0.5 120°e
oy ) - 04 1.52
X-mode L-cutoff frequency is only = 0.3 o -
shown up to its accessibility limit for — '2 "*.,., 1.0=
LFS reflectometry @ 8'1 "~,,I. ] 0 5%‘
— UH, LH, cyclotron resonance are not 0.0 “"m,* 00 @
drawn sinqe_t_hey are not a concern 1501 521 541 561 581.601.62 0
for accessibility Major Radius (m)
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6-27 GHz X-mode L and R-cutoff frequencies can measure up
to ~1x10%° m=3 on NSTX-U

 X-mode L-cutoff will be

. ) ———
important for 6-27 GHz 5 ] T D \ -------
. NP ) 4 ]
operation on NSTX-U > 20 RN :
() ]
— same density as NSTX case, but [B| & 15 s ’0‘ :
is now doubled S 10H==Omodecutoft [To ¢ -
. : o == 'X-mode L-cutoff | N, :
— X-mode R-cutoff density coverage is @ 5 HusX-modé R:cutoft A ]
substantially reduced " 150 1.53 1.56 1.59 1.62
» Minimum cyclotron frequency is still i i
expected to be within 6-27 GHz operation MajOI' Radius (m)
— X-mode L-cutoff has expanded 1‘5
density coverage ’é“ 1.0
— use of both X-mode L-cutoffand R- = 0.8 V4
cutoffs will allow for operation for S 0.6 PR
range of NSTX-U’s density and |B| % 0.4 ; ‘,' Lt
field Qopmgan=n” =
« NSTX-U is expected to start at low |B| field 5 10 15 20 25 130

before raising |B| field in later campaigns

« density gradient variations do not
significantly affect results

Frequency (GHz)
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Dual O-mode and X-mode reflectometer operation can
provide two measurements at overlapping densities in SOL

 For both NSTX and NSTX-U conditions, O-mode and X-

mode cutoffs covers overlapping radial range

— 6-27 GHz O-mode covers 4.5x101” m3 to 9x10%8 m-3
* O-mode depends only on density

— 6-27 GHz X-mode R-cutoff and L-cutoff covers ~ 5x10%6 m= to 1x101° m-3
« X-mode depends on density and magnetic fields

— Simultaneous measurement of both X-mode and O-mode at overlapping
density range may give both density and magnetic field?

— time averaged scalogram or spectrogram should be able to measure group

delay and distinguish O-mode and X-mode

» |If waveguide launchers are polarized to launch and receive both O and X-modes, signal
processing is likely to resolve dual modes over reflectometer frequency range?

 if not possible, 3 waveguide launchers ( 1 to send O/X, 2 to receive either O or X) will also
work?

lvarela, RSI 2012
2Wang, RSI 2004
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HHFW waves measurement

Sub-30 MHz RF wave and PDI
measurement is next priority

— low-frequency circuit already used In it
2006
— simultaneous density profile and RF s
wave measurement may be possible
during frequency sweep? f
« Use of new 65 MHz digitizer may make
this easier, as density profiles and RF
wave measurement will be on same L
digitizer Py 089
.. PDI measurement (Wilgen APS 2006)
— data mining from NSTX-U, and
Improved data analysis will be desirable
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Conclusion

 Qverview of ORNL SOL reflectometer on NSTX and NSTX-U

— main physics goal is to better characterize SOL and support HHFW
antenna operation

— ORNL SOL reflectometer is being upgraded for NSTX-U

« Use of X-mode L, R, and O-mode cutoffs to measure SOL
density profiles for NSTX-U
— |B| is now doubled of NSTX parameters

— using all modes will save time/money as well as provide
measurements at larger range of |B|

— possibility of |B| profile measurement

« Future work discussed in this presentation
— RF wave measurement
— COMSOL simulation

| OAK
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Review of cold electromagnetic waves that are applied to
reflectometry in fusion plasmas

m Cutoff Frequency Characteristics | Antenna Polarization

X-mode R-cutoff ~  _ VO +4w,° + 0, | B, EL TE . B
R 2 B
\/wce + 4wpez — W E < B
X-mode L-cutoff wW; = 5 k1B, ELB
E B
O mode cutoff Wy = Wpe k1B, EIB h -
P B
O and X mode discussed above k1B @‘
cutoffs E ~30-60° to
B
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X-mode L-cutoff is likely observed on NSTX

« Data from time averaged
scalogram shows coherent
mode below minimum cyclotron
frequency

N
o

~
I 2.0

— X-mode R-cutoff should not be =
detected below minimum cyclotron & 15
q) r
frequency S 10

— X-mode L-cutoff is suspected =
_ _ $ 05

« waveguide launchers are preferentially m

polarized to launch and receive X-mode
« Not previously used in analysis for NSTX 10 15 20

due to its limited density coverage Reflectometer Frequency (GHz)
— complete waveguide calibration needs
to be done for density inversion and
confirmation of X-mode L-cutoff

* DIII-D and ASDEX-U results give more
confidence

25

NSTX-U =* ]%A%CGE NSTX-U Ideas Forum 2015, ORNL SOL reflectometer on NSTX-U, C. Lau, 02/25/2015



