
CTH parameters: 

• Aspect ratio 𝐴 ≈ 3 − 4 

• 𝑅 = 0.75 𝑚 , < 𝑎 > = 0.2 𝑚 

• 𝐵  ≤ 0.7 𝑇 on axis  

• 0.02 ≤  ι𝑣𝑎𝑐 ≤ 0.32 

• 𝐼𝑝𝑙𝑎𝑠𝑚𝑎 ≤ 80 𝑘𝐴 

• 𝑛𝑒 ≤   5 × 1019  𝑚−3 

• 𝑇𝑒 ≤  200 𝑒𝑉 

• 𝑃𝑖𝑛𝑝𝑢𝑡  ≤ 30 𝑘𝑊 of ECRH 

• 𝑃𝑖𝑛𝑝𝑢𝑡  ≈ 200 𝑘𝑊 of Ohmic drive 

• Vacuum pressure ≈ 1 × 10−8 𝑇𝑜𝑟𝑟 

Thomson Scattering Beamline  

The CTH experiment 

Future work 

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 ionize 

Hydrogen gas, after which a plasma current is ohmically 

driven in this pre-established plasma resulting in a higher 

temperature and density. 

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. 
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System Components 

Thomson Scattering as a Plasma Diagnostic 

Collection geometry and Signal estimates 

Proposed Beamline Geometry  

Advantages of Thomson Scattering  

•  Non-invasive 

•  Non-perturbing 

•  Internal and local measurement 

Thomson Scattering Basics 

• Elastic scattering of electromagnetic radiation from free charged particles 

• Electrons accelerate in electric field of the radiation causing the electrons 
to reradiate.  

• Scattered Intensity is proportional to the electron density and temperature  

High Energy Nd:YAG Laser 

● 3.5 J at 1064 nm and  2 J at 532 nm 

● Pulse width of 6-10 ns 

● Rep rate of 10 Hz  

● 𝑀2 ≈ 7 

● Gaussian beam with beam waste of 12 mm 

Motivation for Thomson Scattering: 

• Measurement of density and temperature profiles 

• Improved Equilibrium Reconstructions with V3FIT especially for pressure profiles 

• Better characterize CTH plasmas to understand disruptions and MHD activity  

http://en.wikipedia.org/wiki/File:Thomson_scattering_geometry.png 

Beam line design parameters 

This is the input window 

at Brewster’s angle 

 

Laser beamline 

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 

Depicts the number of scattered 
photons as a function of 
wavelength at various plasma 
temperatures overlaid with four 
spectral channels. 

Inputs to Calculation 

• Scattering geometry 

• Laser input Power 

• Typical CTH plasma density 

Depicts the number of 
scattered photons incident on 
the CCD for each respective 
channel as a function of 
plasma temperature. 

Optimized to yield the same 
number of photons per 
channel at 150 eV plasmas  

Single Point System 

Design Parameters 

System is based upon one recently developed 
for the Pegasus tokamak [1] [2]  

• Finish background spectroscopic work to determine real noise floor within 532 ± 60  𝑛𝑚 

• Planned installation early 2015 

• Finish bench testing of specific components (e.g. laser, spectrometer, fiber bundle,etc) 

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

• Use Thomson scattering data as internal conditions for the V3FIT code for improved equilibrium reconstructions 

 

 

Spectrometer 

Intensified CCD 

Collection Lens 

Fiber Bundle 

Window 

HoloSpec Imaging Spectrograph 

● f/1.8 allows for large throughput of light 

● Option of Interference filter that rejects laser line 

● Volume-phase holographic transmission grating 

● 532 nm laser light not focused onto imaging device  

Laser Pulse 

Beam dump. 
The length of the baffle system is 

constrained by concrete floor.  

10” port acts as  an outer 

baffle to absorb secondary 

stray light cone 

Secondary aperture 

Primary aperture 

Input window at 

Brewster’s angle 

 

Green lines represent 

laser beam line 

 

Red lines represent the. 

light scattered off of the 

Brewster window, 

primary stray light 

 

Blue lines represent the 

light scattered off of the 

primary aperture, 

secondary stray light. 

 

Cross-section of the 

Vacuum Vessel 

Turning mirror 

 

Laser 

 
Focusing lens 

 

CTH Visible Spectra (~𝟒𝟑𝟎 𝐧𝐦 𝐭𝐨 𝟔𝟖𝟎 𝐧𝐦) 

𝐼𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑒𝑑 ∝  
𝑚𝑒

2𝜋𝑇𝑒
𝑛𝑒exp

𝑚𝑒𝜔2

2𝑘2𝑇𝑒
 

𝑃𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑒𝑑

𝑃𝑖𝑛𝑝𝑢𝑡
≈  𝑟𝑒

2 𝑛𝑒 𝐿 𝑑𝛺 

𝑃𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑒𝑑

𝑃𝑖𝑛𝑝𝑢𝑡
≈ 2.94 × 10−14 

 𝑃𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑒𝑑 ≈
2 𝐽

7×10−9𝑠
2.94 × 10−14  

 
𝑃𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑒𝑑  ≈ 8 𝜇𝑊 

 

Andor iStar ICCD 

● DH740-18U-C3 

●2048 by 512 pixel array 

●Quantum Efficiency ~0.19 

Single Point System 

Design Parameters (cont) 

Pictures of modular baffling 

Rotatable flange for 

brewster window 

alignment 

 

1.33” half-nipples for 

magnetic feedthroughs 

and future diagnostics  

 

1.33” half-nipple for 

leak valve 

 

Double o-ring seal for 

easy window replacement 

 

Knife-edge on apertures 

 

Separate into two halves 

to facilitate coating the 

interior black 

Ring ensures baffling 

location is fixed 

Asymmetric spot size 

on window 

 

Differential pumping 

half-nipple 

 

Collection port schematic 

140822XX: He glow discharged to condition CTH 

140911XX: No wall conditioning used 
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