
Diagnostics

• Research topics with tokamak diagnostics

• Tokamak Diagnostics

• Magnetic measurements

• Electron density measurements

• Electron temperature measurements

• Ion temperature measurements

• Radiation measurements

• q-profile measurements

• Fluctuation measurements

• Edge probe measurements



Research Topics with Tokamak Diagnostics

• Establishment of stable plasmas and the investigation of MHD 

instabilities: magnetic diagnostics, MSE, Polarimetry, soft X-ray 

array, Mirnov coils, etc

• Determination of energy and particle confinement times, and 

transport coefficients: diamagnetic loop, interferometry, 

reflectometry, Thomson scattering, ECE, Doppler broadening of 

impurity lines, neutron flux, etc

• Development of auxilliary plasma heating methods: X-ray PHA, 

Neutral particle analyzer, etc

• Study and control of plasma impurities: spectroscopy, Langmuir 

probes for edge and divertor regions, etc

• Investigation of plasma fluctuations to determine their role in 

plasma transport: HIBP, e.m. wave scattering, probes, etc



ITER Diagnostic Requirements



ITER Diagnostics I



ITER Diagnostics II



Diagnostics for Real-Time Feedback Control at JT-60U



Magnetic Measurements
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Measure magnetic field, flux, loop 

voltage, current, and plasma energy

  ldBI
o





1

  ldBnAdttV
t

t



0

')'(

plasma currents
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plasma position and shape



Loop Voltage and Plasma Surface

pploop RIV Loop voltage:

voltage induced by flux changes 

due both to the primary circuit 

and the plasma current itself

Plasma surface:
The shape and position of the 
outermost closed magnetic surface of 
the plasma can be determined from the 
toroidal loop voltage and poloidal field 
measured around the vacuum vessel.

dZ

d

R
BR

1


dR

d

R
BZ

1


extrapolate across a current-free region



Plasma Energy and Internal Inductance
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Diamagnetic flux: difference between the total toroidal flux and 

that in the absence of plasma

from equilibrium equation,

integrating over the plasma volume,
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MHD Instability Measurements



ITER Magnetic Diagnostics



ITER Magnetic Diagnostics



Electron Density Measurement: Interferometry

Mach-Zender Interferometer

Refractive index 22 /1  p
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• Types of interferometers
• Michelson, Mach-Zender, Fabry-Perot interferometers
• homodyne and heterodyne

• Frequency sources
• sensitive to the electron density: 
• insensitive to mechanical vibrations: long wavelength
• small refraction of the beams: short wavelength
• wavelengths between 10 and 2000m are used

• Beam detectors
• room temperature pyroelectric detector: simple, inexpensive
• liquid helium-cooled indium antimonide crystals: high sensitivity
• Schottky diodes: good response at high frequencies

• Phase counters

• multi-fringe, high phase resolution counter

• Inversion of line-integrated density profiles
• Abel inversion
• inversion using iso-density flux contours

Design of Interferometry

dlne 



Types of Interferometers



Relevant Parameters for Various Sources



Sensitivity for Various Frequency Sources



Two-Color Interferometry

Mechanical vibration: inversely proportional to the wavelength

• JET (119m, 195 m)

• C-Mod (10.6m, 0.633 m)



Inversion of Line-Integrated Density Profiles
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Polarimetry: Faraday Rotation
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Polarimeter Data for a Sawtoothing Plasma

TEXTOR

qo ~ 0.7



Reflectometry

The plasma density can be obtained by detecting the wave 

reflected at the cut-off positions. Different techniques are

• Linear frequency sweep

• Dual frequency differential phase

• Amplitude modulation

• Pulsed radar, pulse compression radar, noise correlation radar



Reflectometry
Accessibility makes reflectometry in two independent modes

• O-mode : cut-off at plasma frequency

• X-Mode: critical density depends also on magnetic field strength
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ITER Divertor Interferometer/Reflectometry



Principle of Thomson Scattering



Multi-Pulse TEXTOR TVTS System



TEXTOR TVTS System



JET LIDAR Thomson Scattering



ITER Thomson Scattering System



Electron Cyclotron Emission (ECE)

• Electromagnetic (EM) waves are emitted at the electron 
cyclotron resonance (ECR) layer at a series of discrete harmonic 
frequencies:

 n =nce ,     ce(R)  B 1/R

– If the plasma is Maxwellian and optically thick, the emission can be 
described as blackbody radiation in the Rayleigh-Jeans law

– Intensity:
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2D ECE Imaging System

• ECE measurement is an established tool for electron temperature 
measurement in high temperature plasmas

• Sensitive 1-D array detector, imaging optics, and wide-band mm wave 
antenna, and IF electronics are required for 2-D imaging system

• Te fluctuation measurement
– Real time fluctuations can be studied up to ~1% level

– Fluctuation studies down to 0.1 % level have been performed using long time 
integration

Conventional 1-D ECE system 2-D ECE imaging system



Motional Stark Effect (MSE)



Motional Stark Effect (MSE)

Photoelastic modulator(PEM)



densities of fully stripped low-Z ions and

ion temperatures and plasma rotation 

Charge Exchange Spectroscopy



Beam Emission Spectroscopy (BES)



Heavy Ion Beam Probe (HIBP)



X-ray Spectroscopy



X-ray Imaging Crystal Spectroscopy



Soft X-ray Array

[Detectors, Diagnostic Method]

Soft X-rays emitted as bremsstrahlung by 

free electrons in a plasma are detected by 

PIN diodes and a Beryllium (Be) filter 

with 200 m thickness. 

Bremsstrahlung is a function of electron 

density, temperature, and impurity 

contamination and is sensitive to electron 

temperature in the energy range of the soft 

X-ray. Evolution of the soft X-ray 

intensity profile suggests the collective 

motion of electrons or 

magnetohydrodynamic activity in a 

plasma. 

[Specifications] 

Time resolution : 80 ms

Spatial resolution: 3 - 5 cm

To observe collective behavior (density, temperature etc.) of electrons 

and magnetohydrodynamic activity in a high temperature plasma



Bolometry

ITER Bolometry



Neutron/Gamma Profile Monitor

The neutron and gamma-ray 

profile monitor represents just 

one of tens of passive 

diagnostic methods applied at 

JET. The monitor has two 

cameras that allow 

observations of plasma 

radiation from ten horizontal 

and nine vertical directions. In 

this way we can localize the 

source of the radiation, in this 

case the neutrons produced by 

fusion or gamma-rays produced 

by nuclear reactions. The latter 

can serve us to trace the 

presence of fast-ions, in 

particular helium nuclei (alpha 

particles).



Overview of JET Plasma Diagnostics


