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Mode identification of MHD instabilities observed in a plasma
discharge is often based on modeling experimental signals,
from a variety of diagnostics, including Mirnov loops, electron
cyclotron emission, the motional Stark effect, MSE, diagnostic
and measurements of soft X-ray emission. The data is
compared with theoretical models of instabilities determined
from representative equilibria. This process of comparison is
often tedious and not always conclusive. We have developed
a suite of tools to facilitate comparison of each of these
diagnostics based on the predicted mode structure for global
instabilities as obtained from PEST. Comparisons with
experiment for a variety of instabilities [will be presented.
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Abstract



Experiment and Theory have 
different perspectives

• Magnetic coordinates
Ψ,θ,φ

• Single mode 
• Displacement vector
• Perturbed field
• Normalization – B=1
• Fourier representation

• Cartesian coordinates
• X,Y,Z
• δn, δT, emissivity
• Multiple-modes
• Nonlinear
• Power spectrum
• impurities



Comparison of theory and 
experiment

• Parametric dependence
– Stability limits
– min-q ~ 1

• Mode frequency - rotation
• Mode number – odd/even
• Radial structure

Very few detailed comparisons



Diagnostics’ features
• Mirnov loops
• ECE electron 

cyclotron emission
• MSE – motional Stark 

effect
• X-ray emission
• Firetip - far-infrared, 

tangential 
interferometer/polarim
eter

ξ, Β − F(ψ,θ,φ) – External
ξ – Internal

B, n – Internal

n, T, ξ, Internal – global
ne, B - internal



Simulation Model

• Experimental profiles for equilibrium
• Stability analysis – n, boundary conditions
• Postprocessor to determine perturbed 

fields, density and temperature
• Synthetic diagnostics to mimic experiment



Model for mode

• MHD time scale is ~ 1-10 microseconds
• Challenging for measurement

– Linear phase is brief – look at nonlinear 
• Treatment of nonlinearity – key 

assumptions
– Saturated nonlinear state resembles linear 

mode structure 
– Mode saturates after growing by a factor of 10 
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A new post-processor has been developed for use with output 
from the PEST tokamak stability code. It allows
us to use quantities calculated by PEST and take better advantage 
of the physical picture of the plasma instability
which they can provide. This will improve comparison with 
experimentally measured quantities as well as facilitate
understanding of theoretical studies.

Theorist’s post-processor





The perturbed fields are:



Perturbed fluid parameters(new)
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Barely Unstable kink in NSTX 

Eq profiles                                Fourier components           Displacement



Data from experiment



Equilibrium profiles and 
SXR sightlines



Soft X-ray emissivity
SIMULATION                                             EXPERIMENT



Simulated signals of SXR

min

max



Berylium filters are simulated

No filter

Low energy High energy

SIMULATION                                             EXPERIMENT



Perturbed field - MSE



Simulation of ECE 



SUMMARY

• We have made significant progress 
towards developing a comprehensive suite 
of synthetic diagnostics

• ECE, Mirnov, MSE, SXR are ready for 
benchmarking

• FIRETIP  under development
• Collaborators are welcome



Sign up sheet


	Simulation of experimental diagnostics,�An investigative tool for MHD instabilities
	Abstract
	Experiment and Theory have different perspectives
	Comparison of theory and experiment
	Diagnostics’ features
	Simulation Model
	Model for mode
	Theorist’s post-processor
	Slide Number 9
	The perturbed fields are:
	Perturbed fluid parameters(new)
	Barely Unstable kink in NSTX 
	Data from experiment
	Equilibrium profiles and �SXR sightlines
	Soft X-ray emissivity
	Simulated signals of SXR
	Berylium filters are simulated
	Perturbed field - MSE
	Simulation of ECE 
	SUMMARY
	Sign up sheet

