Thomson scattering beamline installation on the Compact Toroidal Hybrid Experiment

The CTH experiment

CTH* Is a five field-period torsatron investigating the
avoidance of disruptions over a wide range of plasma
parameters.

Plasmas are created by launching an ECRH pulse to
lonize Hydrogen gas, after which a plasma current is
ohmically driven in this pre-established plasma
providing further heating to reach higher temperatures
and densities.

CTH has the unique feature of operating with different
ratios of vacuum to plasma transform. This allows CTH
to control the magnetic topology from tokamak-like to
stellarator-like.

*Supported by US DOE Grant DE-FG-02-00ER54610
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CTH parameters:
e AspectratioA=3—-4

e R=075m,<a>=02m
e |B| <0.7T on axis

< 0.32

¢ 0.02< Ly
o Lygsma < 80 kA

e n,< 5x10Y m™3

e T, < 200eV

¢ Pipue <30 kW of ECRH

Pinpur =~ 200 kW of Ohmic drive

Advantages of Thomson Scattering
« Non-invasive
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Addressing the Challenges of Thomson
Scattering

« Low number of scattered photons

- High Power laser
- Large Viewing solid angle
. Necessary stray light mitigation
- Geometrically confine stray light

> Actively filter and spectrally isolate desired
wavelengths

. Complex system components

> High throughput spectrometer, CCD, and laser
are all commercially available

System Components and Signal Estimates

HoloSpec Imaging Spectrograph
f/1.8 allows for large throughput of light

High Energy Nd:YAG Laser
- 4Jat 1064 nmand 2 Jat 532 nm
Pulse width of 6-10 ns (FWHM)
Rep rate of 10 Hz
M? = 7
Gaussian beam with beam waste of 12 mm

Andor 1Star ICCD

« DH740-18U-C3
- 1330 by 512 active pixel array
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System is based upon one recently
developed for the Pegasus tokamak [1] [2]

Option of Interference filter that rejects laser line
Volume-phase holographic transmission grating
532 nm laser light not focused onto imaging device
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Simulated Thomson signals
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CTH Visible Spectra

CTH BlackComet 200-600 nm, H Ohmic Discharge

— View From 252
—  View From 180

£
T

400
Wavelength [nm]

Ine

Thomson Scattering Beam
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Input window at -
Brewster’s angle

- Secondary aperture

Blue lines represent the light

for easy window
replacement

1.33” half-nipples for IS
magnetic feedthroughs |_{ " Siuss
and future diagnostics £ 38

blackening applied to

scattered off of the primary
aperture, secondary stray light.
Beamline design parameters
Focal length < 5.0m
Primary aperture diameter 6.35 mm
Vacuum-compatible
Secondary aperture diameter 57.404 mm
baffling
Distance ]'JE"IH-’E‘.E‘.II lens and < 378m
window
. _ . L]
Distance between window and 0.4 _ _
primary aperture S qp Red lines represent the. |Ight
scattered off of the Brewster
Distance between primary and 0.4m window, primary stray ||ght
secondary aperture 10" port acts as an
outer baffle to
Distance between input and _ | H
output bafHes 0.720m absorb Secondary - Beam dump
stray light cone §
Distance from bottom port to 0.7%0m % /
concrete floor
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Intensified CCD
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Single Point System
Design Parameters (cont)

Proposed Beamline Geometry

Installation of Beamline

Double o-ring seal
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Focused beamline inside
vacuum vessel

Beam damage from 5m
focal length lens

Installation of Collection

Spectrometer

Sl ngle Point SyStem Scattering length 1.6 cm
DeSIQ n Parameters | System transmission ~ 0.35
System etendue 1.12 mm?sr '\ ICCD quantum efficiency | ~ 0.19

Collection f/# on axis 5.75 Iy Scattering wavelength 532 nm
Collection lens f/# ~ 1 Laser energy ~2J
Collection lens focal length 13.3mm TOtf’élghgfzgnf;e‘;t_rons ~ 10%
Detector Size I8 mm by 6.9 mm Total CICCtISfQS ;‘l’;lscgsifcr channel |~ 13

/N ratio per channe Extra 2.75” half-nipples Manual shutter control

Future Work

« Determine longest focal length lens for consistent beam width in plasma without damaging
Brewster windows

 Decide upon single-point versus multi-point collection optics and fiber bundles

Implement full design and calibrate the system including data comparisons to soft x-ray and

Interferometer measurements
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