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Measurements provide important data
on a wide range of phenomena:

BES MEASUREMENTS APPLICABLE TO WIDE VARIETY

OF PLASMA INSTABILITIES
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BES MEASURES SPATIO-TEMPORAL CHARACTERISTICS OF

“LONG-WAVELENGTH” (K P| < 1) DENSITY FLUCTUATIONS

- Measures intensity of Dg (Doppler-shifted) from BES Viewing

. . Geometry
collisionally-excited neutral beam atoms: Concept

- Relate /to n (via atomic physics) Toroical N/
- Core, edge & SOL
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- Multi-channel (R,Z) ==> 2D imaging

PIN Photodiodes
Cryo-cooled,
Ultra-low-noise
pre-amplifiers
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EXPANSION ENABLES MEASUREMENT OF FLUCTUATION DYNAMICS
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ADVANCED FLUCTUATION DIAGNOSTICS ARE KEY TO UNDERSTANDING

PHYSICS OF TURBULENT TRANSPORT

Understanding turbulent transport is a core component of US Fusion Energy
Sciences program

Characterize small-scale fluctuations associated with instabilities
Turbulence inherently 2D
- Measurement of radial-poloidal characteristics and dynamics is crucial

Beam Emission Spectroscopy system for measuring localized, long
wavelength (k,; p; < 1) density fluctuations in radial-poloidal plane:

- Spatial and temporal turbulence characteristics
- Mode structure of Energetic Particle-Driven Modes (RSAE, TAE, BAAE)
- Pedestal dynamics

Measure fluctuations in multiple fields to test and challenge models:

- Density

- lon temperature

- Parallel Velocity

- Perpendicular Velocity (via analysis techniques)

Comparison with nonlinear simulations is central to code validation

THE UNIVERSITY

WISCONSIN

M ADISON

G. McKee - US-KSTAR Workshop, GA, April 15, 2009




UW DiAGNOSTIC DEVELOPMENT PROGRAM FOCUSES ON

NEwW MEASUREMENT TECHNOLOGIES AND SCIENTIFIC APPLICATIONS

~

University of Wisconsin Diagnostic
Development Program

- Diagnostic Experts

- Optical Measurement Laboratory Facilities
- Graduate Students

- Post-doctoral Researchers

- Technical Resources

J

i Development and Application at DIII-D ) A /Development and Application\

at NSTX
- 64-channel 2D BES system

- Ti-fluctuation diagnostic development - Diagnostic design
- Analysis technique development - Prototype testing
- Advanced transport physics experiments - Full-system deployment

- Model validation program (collaboration) - Studies of ST transport bhvsics
- Instability studies (collaboration) ) D N Sl PEIes

4 )
KSTAR BES Diagnostic

- Design work performed
- Collaboration with KSTAR, PPPL, ORNL
- Advanced Tokamak studies
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2008-2009 UW-DIII-D DiacNosTIC DEVELOPMENT PROGRAM:

ADVANCED FLUCTUATION DIAGNOSTICS FOR UNDERSTANDING TURBULENCE

UW has not been directly involved in KSTAR BES Design in 2008

- Lack of resources, not funded in 2008 (work continued with ORNL)
- Initial design work performed previously with PPPL, ORNL, KSTAR
- Strong interest to resume collaboration

Expansion of upgraded, high-sensitivity BES system to 64 channels
UFIT: Ultra-Fast lon Temperature diagnostic

NSTX BES system design and construction with PPPL

Analysis Techniques

Built a larger research program and team

- 3 new post-doctoral researchers: DIlI-D, NSTX, UW

- Part-time technician

- Faculty at UW

Well-positioned to resume KSTAR diagnostic development work
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BES DePLOYED IN EXPANDED LABORATORY FAcILITY AT DIII-D
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BES DETECTOR AND CONTROL SYSTEM PROVIDES INTEGRATED

CoNTROL AND FuLLY REMOTE OPERATIONS

r Labview b

“Virtual Instruments”
provide user interface,
control and equipment

safety functions
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OVERVIEW OF KSTAR BES VIEWING GEOMETRY AT BAY M
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KSTAR BAay M BES OrpTics DESIGN (R. FEDER-PPPL)
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KSTAR BES SpPATIAL RESOLUTION SIGNIFICANTLY DIFFERENT

FOR EACH BEAM
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SYNERGISM BETWEEN NSTX & KSTAR DEVELOPMENTS

* Red-shifted viewing geometry

- Similar Beam energy
 Graphite f.|rst. walls o MSE Measurements on NSTX
B - Impurity line spectral contamination F. Levinton, Nova Photonics
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KSTAR BES WiLL OBSERVE RED-SHIFTED NEUTRAL BEAM EMISSION

Simulated Beam Emission Spectrum
- 90 kV Deuterium beams
- Viewing Geometry/Angles

. . 10 — f - N \_,’_‘ l —]
- Improved spatial resolution \ S N
relative to blue-shifted view S5 0.8F \ _
o — Full Energy
~ 06L — 1/2 Energy
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..3 0.4 D,
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- Edge Carbon lines potentially problematic:

- Extra photon noise
- Delocalized fluctuation signal
- Error to normalization, fi/n

. Solution:

Wavelength (nm)

- Angle-tunable filter: design to avoid ClI
- tilt-tune to optimize total signal
- small signal: minimal photon noise, low frequency fluctuations

- Designed and procured custom filters: to be tested later in 2009 on NSTX
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ENABLING TECHNOLOGY FOR BES:

CRYOGENICALLY-COOLED TRANSIMPEDANCE PREAMPLIFIER
PRoVIDES ULTRA-LoOwW-NOISE SIGNAL AMPLIFICATION

Detector Transimpedance Frequency Amplifier
Amplifier w/FET Compensation w/DC offset
- > - > - > <« > sy
10 k £
+15V
Advanced Photonics 5k
SD-041-11-33-211 . 5 pf TS Tk
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3 N300 M 330 pf 5k il
+ I 3.5k
, | AD743 > “Wvﬂj_ 9 6
- 100k 1.2M LF357 AN
500k 3], 100 k —O
100 +15V
J Output:
+5V reg.
78L05 ratin in
l (sets ope IgtETs)JJ point 21 mV/nW
2.49k
+1v5V
Cryogenically Cooled
Components
THE UNQ])/ERSITY
WISCONSIN

M ADISON

G. McKee - US-KSTAR Workshop, GA, April 15, 2009




Customizep DETECTOR MoDULE AND PREAMPLIFIER PROVIDE ULTRA

Low-NoISE SIGNAL DETECTION

Input/Exhaust Vacuum-jacked LN2 lines

Vacuum pump lines
(operated near 30 mTorr)

Copper LN2 line provides thermal
transfer to PIN photodioes
and first-stage FET
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MoDERN PRE-AMPLIFIER DESIGNS UNDER DEVELOPMENT

Presently-implemented cryogenic pre-amplifiers employ out-of-date
circuit components

New surface-mount electronics
Low-noise FET components
Reduced capacitance (e-noise)

Utilize local refrigerant rather than LN2 cryogenics

- simplified design, implementation and control

- lower costs

Diagnostic group working with Space-Astronomy Laboratory experts
to design and fabricate modern preamplifier circuits

KSTAR design can implement if testing is successful (late 2009)
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NEw RESEARCH FOSTERED THROUGH DEVELOPMENT OF

NEw MEASUREMENT CAPABILITIES

Expanded fluctuation diagnostic capability being deployed to probe
plasma turbulence:

- Expanded BES diagnostic for wide-field 2D turbulence imaging

- Spectroscopic ion temperature fluctuation diagnostic

- New analysis capability to exploit multipoint, multi-field data

Enhanced research capability for turbulence and other instability investigations:

- Determine nonlinear properties of turbulence N e
- Validation of Turbulence and Transport simulations ol ARz 2z 2gem
- Turbulence Dynamics at the L-H Transition E o / | -
- Energetic-Particle-Mode-Driven Instabilities S oot " _5
- MHD, Sawteeth ocgo o S W Vimmmed
- Pedestal: ELMs, RMP-ELM suppression Time elay ()
Program: Turbulence Images
- 2 UW Graduate Students pursuing Ph.Ds on DIII-D

- 3 Postdoctoral Researchers . . .
- 1 Scientist + Part-time Faculty
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FUuTure BES DESIGN AND DEVELOPMENT PLAN

Complete port optics design:

- Objective lens (PPPL), shutter system

- Fiber layout, channel deployment

Fibers to spectroscopy laboratory

Specification of laboratory infrastructure

- cryogenics

- vacuum

- network, data acquisition, archival analysis

- remote operations

Detection system design and fabrication

- employ new technologies (filters, preamplifier circuits)
Implementation, testing, optimizing and application

Personnel: part-time scientist, technician, post-doctoral scientist
graduate students
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SUMMARY

New measurement capability being developed and deployed through
collaborations between UW and DIII-D & NSTX

New technologies being developed to modernize and advance
fluctuation measurement via BES

- Red-shifted beam emission filters to avoid CII contamination

- Modernized transimpedance preamplifiers

UW diagnostic development research group has been expanded
- new post-doctoral researchers

- new and continuing graduate students

- part-time technician & faculty

Look forward to continuing to design and develop a BES fluctuation
diagnostic system for KSTAR to pursue advanced tokamak research
for fusion plasma science and enhanced performance
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