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Motivation and Goals
Impurity control and effective helium exhaust

• Confine energetic alpha particles long enough to transfer their energy to fuel ions

• Effectively exhaust thermalized helium and other impurities to avoid impurity build-up

• Evidence suggests there are operating regimes in stellarators with an unexplained 

outward impurity transport.

• W7-AS has a “High Density H-mode” [1]

• LHD has an “impurity hole” [2]

Laser Blow-Off Technique

Calculating Emissivity Profile with 

STRAHL Code

Synthetic Diagnostic

Beam Line Details

• Laser: ND:YAG – Surelight III

• Capable of delivering 850 mJ

pulse over 4-6 ns

• Optimal energy density 7 J/cm2

• Solid angle of injection:

2.6 x 10-3 sr

• Spot size adjustable by 

movable lens

HSX Laser Blow-Off System

Photodiode Pinhole Cameras

• A high power laser illuminates a target area on a glass slide that has been prepared 

with a thin film of aluminum, a tracer material, on its surface. 

• The aluminum on the slide is ablated, creating a jet composed primarily of neutral 

atoms that penetrates into the plasma before ionizing.

• Transport code STRAHL solves 1-D continuity equation for each impurity charge state 𝑍 of impurity 

species 𝐼, including source/sink term 𝑄 due to ionization/recombination/charge exchange from 

adjacent charge states [4]
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• AXUV photodiode arrays measure the impurity radiation.

• Five, 20 channel detectors have been installed

• Each detector views plasma through a 1 mm pinhole

• Diodes cover the complete photon spectral range (0.04 nm to 1100 nm). 

• One detector has a thin aluminum oxide film to measure high energy soft x-rays.

• Trans-amplifiers that provide 108 volts per ampere have been tested and installed.

HSX

• The synthetic diagnostic integrates the STRAHL emissivity profile along each detector’s experimental 

line of sight. 𝐵𝑖 =  𝜀 ∙ 𝑑𝑙𝑖 where 𝐵𝑖 is the brightness of the detector [5].

• Photodiode electrical signals are modeled by 𝑆𝑖 = 𝐺 ∙ 𝑅0∙
𝜂

4𝜋
∙ 𝐵𝑖 . 

• 𝐺 represents trans-impedance amplifier gain, 𝑅0 is ideal diode responsivity and 𝜂 is etendue.

• Modeled signals provide direct comparison between plasma simulation and experimental results.

Study of Impurities at HSX

• Measure the impurity confinement time in various plasma regimes and magnetic 

configurations

• Measure the radial profiles of the impurity transport coefficients

• Impurity diffusivity, D

• Convective velocity, v

• Compare the transport coefficients in optimized and conventional configurations

• Compare the transport coefficients with neoclassical models

• Experimental signals from bolometer arrays provide line-integrated measurements of local emissivity

• Impurity injections are typically performed with:

• 2 μm aluminum layer over a 10 nm chromium layer

• 2 mm laser spot diameter

• The injections do not excessively perturb the background plasma parameters.

• The impurity injection increases plasma radiation.

• The range of signal decay time is 0.24 to 0.53 ms.

• The approximate time from the laser pulse to a radiation perturbation is within 0.5 to 0.6 ms.

Experimental Injection Results
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• A nonlinear optimization algorithm with transport coefficients D and v profiles acting as free 

parameters is implemented by minimizing the difference between the modeled emissivity 

signals predicted by the synthetic diagnostic using STRAHL and the experimental data.

Inputs

• Simplified HSX equivalent circular cylindrical geometry

• ADAS is used for atomic physics calculations

• Background plasma parameters are assumed to be steady state

• Temporal and spatial impurity source rates, diffusivities and convective velocities

Outputs

• Time-dependent emissivity profile

Laser Blow-off Process

• The number of neutrals injected is a 

function of the laser energy density, film 

thickness, spot size and impurity material.

HSX Aerial View

Laser Beam Line Diagram

• The laser blow-off properties of 

aluminum have been particularly well 

characterized [3].

Neutral Energy Spectrum

2 μm aluminum film

This work supported by US DOE Grant DE-FG02-93ER54222

Transport Coefficient Optimization
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Modeled A12M Array Signals [V]

STRAHL A12M Signals [V]

Adjusting Transport Coefficients using 

the Synthetic Diagnostic

A34 Core Channel 4 Decay Fit 

• The user must specify the transport coefficients D and v as an input parameter to STRAHL.

• The transport coefficients values were manually fine-tuned at intervals dominated at the core region 

and using 8 radial knots. 

• The synthetic diagnostic was used to model the STRAHL results in order to arrive at a reasonable 

guess to the coefficients to be used as an input to the optimization routine.

Constant Step Transport Coefficients

Improved STRAHL A12M Signals [V]

Lines of Sight for Array A34

Experimental Array A34 Signals [V]

Modeled A34 Array Signals [V]

A34 Core MinimizationA12M Core Minimization

• The ‘lsqnonlin’ (included in the MATLAB optimization toolbox) function solves nonlinear 

least-squares curve fitting problems and performs the minimization.

Next Step: The five, 20 channel detectors will be coupled together during the optimization 

stage to provide a single set of transport coefficients.

• A weight function will be added to the core channel data to give more influence during the 

optimization process than edge channel data.

• A Gaussian process regression model for optimization will be implemented as an 

alternative technique to least squares curve fitting (a nonlinear regression model). 
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Linear Step Transport Coefficients

• A linear step modeled 

input showed a more 

reasonable match to 

experimental signals. 

These values serve as 

a starting point for the 

optimization routine.

• For initial values, the 

coefficients were kept 

constant at D = 1 

[m2/s] and v= -1 [m/s] 

across spatial and 

temporal directions.

• After many iterations, 

it was evident that 

varying the D and v 

values resulted in 

noticeable changes 

from one modeled 

result to another.

Modeled A12M Transport Coefficients Modeled A34 Transport Coefficients

Lines of Sight for Array A12M

Experimental Array A12M Signals [V]

A12M Core Channel 11 Decay Fit 


