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Long-wavelength fluctuations in high-beta Spherical Tokamak plasmas

with Beam Emission Spectroscopy (BES)

2D BES layout

ProjeCt ObjeCtives \1101cm 120 cm 1.';Olcm 140 cm 'ISOlcm
- \ [

1. Measure and characterize 2D turbulence and flow properties N \ \\\ Available
in the pedestal and core at low collisionality, low aspect ratio, | AR
and high normalized pressure (By) (5YP Obj. 1 and 2) ,\\

2. Measure and characterize 2D carbon impurity dynamics by 10 cm
modifying BES detectors for carbon CX measurements (5YP 5cm

. \
Obj. 2 and 3) \J

3. Measure and characterize the core-to-edge radial mode Core

expansion

structure of disruptive and Alfven/energetic particle |
instabilities (5YP Obj. 1 and 2) o //

4. Develop machine learning models for rapid 2D BES /
velocimetry to study flow dynamics at the L-H transition 0 o> ¥

5. Explore the capability of 2D BES to measure and validate the lon-scale density fluctuations
spatial distribution of HHFW field intensity in the core - AR, AZ~2-3 cm, f=2 MHz
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Expansion to 64 custom-built, photon-noise-limited detectors \W’

2 MHz sampling captures broadband turbulence,
Alfven/EP modes, and Alfven-scale ELM events

LLT-309

Wy

Ty

= L s

48 detectors shown; final 16 detectors presently at
DIII-D for Carbon CX Imaging (CXIl) prototype
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<V Vg> (107 m?/s?)

= Lowv*, high Sy, atlow 4

= Compare to 2D turbulence and flows in
high A tokamak

= LH trigger, transition, and power threshold

Impact of magnetic perturbations on

Reynolds Stress near LH (DIlI-D BES)
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D.M. Kriete et al., Phys. Plasmas 27, 062507 (2020)
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Crossphase (degrees)

Coherence

Core-to-edge 2D coverage
= Emphasis on edge, pedestal and SOL
Impact of 3D fields

Core-edge coupling in advanced scenarios
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Bimodal turbulence
at p =0.7 (NSTX-U)
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2D Carbon and impurity dynamics at high time resolution

Shot 176778 | DC-coupled slow BES signal
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2D Carbon and impurity dynamics at high time resolution

Shot 176778 | DC-coupled slow BES signal

= Carbon response at high time resolution A |

=== ch 49 NB D-alpha, psin=0.85

= EHO and particle pumping o1 \ é:zccpl"ﬂo;"
" Post-ELM PO =iz
= RMP 2 06 emission

= Turbulence, impurity pinch, perturbative transport 04]
= Enhanced spatial resolution
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BES Signal (au) _,
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Alfven-scale ELM event
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BES Radial Measurements
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BES Signal (V)
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BES Spectrogram, R ~ 114cm
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ML models for BES velocimetry and localized measurement of the

HHFW field

ML models to accelerate 2D velocimetry
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Exploratory experiment to observe
HHFW field with 2D BES by imposing
beat frequency in RF sources
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Explore feasibility of new fluctuation diagnostic capabilities for

multi-field turbulence measurements

o Spatial Heterodyne Ultra-Fast CHarge Exchange
* Proposed but not funded activities: Spectroscopy (SHS) Recombination Spectroscopy

= High resolution survey spectrometer for future Srating (UF-CHERS)
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Timeline

FY21 FY22 FY23

FY24

FY25

2D turbulence and flows

Install 16 new channels at NSTX-U (presently at DIII-D)

Implement Carbon CX filters

2D carbon dynamics

ML models for velocimetry

Implement fiber bundles for core expansion

Explore BES measurements of HHFW field distribution

Core-to-edge mode structures

G. McKee, D. Smith, and B. Geiger, UW/NSTX-U collaboration, 3/1/2021
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Personnel and program integration

= Personnel
= Co-Pl and full-time onsite scientist — David Smith
= Pl - George McKee
= Academic advisor — Asst. Prof. Benedikt Geiger

= Two UW Graduate students for NSTX-U dissertation research
* First student beginning Fall '21: Aidan Edmondson

= Postdoc/Assistant Scientist support (0.5 FTE) David
« UW-Madison: student support, diagnostic design and implementation Smith
« Engineering support and integration
= Undergraduate students

* |ntegration with closely affiliated UW research programs
= DIII-D BES, CXI, UF-CHERS, and SHS (DIII-D Nat. Fus. Fac.)

= HL-2A & HL-2M BES (SWIP, China)
= W7-X stellarator (IPP, Germany)

George
McKee

Benedikt
Geiger
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Expand BES to 64 channels for turbulence and flows

= 48 channels currently installed at NSTX-U + 16 newly developed
* New 16 presently at DIII-D for CXI prototype testing
Implement Carbon filters for fast impurity transport dynamics

= Procure CVI filters (529 nm) to measure fast carbon emissions
= Replace existing BES filters in modular detectors temporarily as needed

Expand BES coverage to core

» Procure fibers bundles for core view at R130 port

= Radial array to 0.1<r/a<0.5

= 8-channel Core poloidal array near r/a=0.4

Scientific objectives:

= Bn, V¥ dependencies of turbulence properties at low-A

= Pedestal instabilities, ELM dynamics, EHO, EPH-mode characteristics
= L-H trigger mechanism, XAE instabilities, disruption precursors

= Contribute to model and simulation validation

110cm 120cm 130 cm 140 cm 150 cm

Available

Core
expansion
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