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Although based on lectures given for graduate students and postgraduates 
starting in plasma physics, this concise introduction to the fundamental 
processes and tools is as well directed at established researchers who 
are newcomers to spectroscopy and seek quick access to the diagnostics 
of plasmas ranging from low- to high-density technical systems at low 
temperatures, as well as from low- to high-density hot plasmas. Basic ideas 
and fundamental concepts are introduced as well as typical instrumentation 
from the X-ray to the infrared spectral regions. Examples, techniques and 
methods illustrate the possibilities.

This book directly addresses the experimentalist who actually has to carry 
out the experiments and their interpretation. For that reason about half 
of the book is devoted to experimental problems, the instrumentation, 
components, detectors and calibration.

springer.com



1 Introduction 1

2 Q uantities o f  S p ec tro sco p y .............................................
2.1 Radiometric Quantities............................................
2.2 Measured Quantities................................................
2.3 Local Quantities.......................................................

2.3.1 Homogeneous Plasm as................................
2.3.2 Axially and Spherically Symmetric Plasmas
2.3.3 Plasmas Without Symmetry.......................

2.4 Radiance of Plasmas with Re-Absorption.............

5
5
6 
9 
9 
9

11
12

3 Spectroscopic I n s tr u m e n ts ..................................................................... 15

3.1 General Considerations................................................................. 15
3.2 Dispersing Elements..................................................................... 17

3.2.1 Prisms................................................................................  17
3.2.2 G ratings............................................................................  13
3.2.3 Crystals..............................................................................  24
3.2.4 Interferometers................................................................... 27

3.3 Windows, Filters, Mirrors, Optics .............................................. 28
3.3.1 Windows
3.3.2 Filters ..
3.3.3 Mirrors .
3.3.4 O ptics................................................................................  34

3.4 Spectrometer Designs................................................................... 38
3.4.1 Prism Spectrometers.........................................................  38
3.4.2 Spectrometers with a Plane G rating..............................  39
3.4.3 Spectrometers with a Concave Grating........................... 41
3.4.4 Spectrometers with Transmission G ra ting .....................  43
3.4.5 Crystal Spectrometers.....................................................  44
3.4.6 Interferometric Spectrometers..........................................  47

3.5 Alignment and Apparatus Function............................................  49



4 D e te c to r s ..................................................................................................  53
4.1 General Properties............................................................................  53
4.2 Photoemissive Detectors..................................................................  55

4.2.1 Photocells..............................................................................  55
4.2.2 Photom ultipliers................................................................... 57
4.2.3 Channel Photomultipliers and MicroChannel Plates . . . .  61

4.3 Semiconductor D etectors................................................................  63
4.3.1 Photoconductors................................................................... 63
4.3.2 Photodiodes........................................................................... 66
4.3.3 Array Detectors..................................................................... 68

4.4 Photoionization D etectors..............................................................  69
4.4.1 Ionization Chambers............................................................  69
4.4.2 Proportional C ham bers....................................................... 70
4.4.3 Multiwire Proportional C ham bers....................................  71
4.4.4 Gas Amplification D etectors............................................... 72

4.5 Miscellaneous D etectors................................................................... 73

5 C a l ib ra t io n ............................................................................................... 75
5.1 Wavelength C alibration ................................................................... 75
5.2 Sensitivity C alibration ..................................................................... 76

5.2.1 Some General Considerations............................................  76
5.2.2 UV to Near-Infrared............................................................  78
5.2.3 Vacuum-Ultraviolet..............................................................  79
5.2.4 X-ray R egion ......................................................................... 83

6 R adiative P rocesses in  P la s m a s ....................................................... 85
6.1 Overview............................................................................................. 85
6.2 Line R adiation................................................................................... 87

6.2.1 Emission and Absorption by Atoms and Ions ................  87
6.2.2 Emission by Molecules........................................................  92
6.2.3 Theoretical Considerations and Scaling Laws..................  94

6.3 Continuum R adiation....................................................................... 98
6.3.1 Recombination Radiation and Photoionization..............  98
6.3.2 Brem sstrahlung......................................................................104
6.3.3 Negative Ion and Molecular C ontinua................................109
6.3.4 Rate Coefficients for Radiative Recom bination................110

7 C ollisional P ro c e sse s ..............................................................................115
7.1 Introductory Remarks........................................................................115
7.2 Collisional Excitation and Deexcitation by Electron Impacts .. 116
7.3 Electron Impact Ionization and Three-Body Recombination . . .  126
7.4 Dielectronic Recombination and Autoionization..........................129
7.5 Charge Exchange Processes..............................................................132
7.6 Ion and Atom Impact Excitation and Ionization..........................133



Contents XI

8 K inetics of th e  P opu lation  of Atom ic
Levels in P la sm a s ................................................................................135
8.1 Introductory Remarks.................................................................... 135
8.2 Thermodynamic Equilibrium Relations.......................................136
8.3 Local Thermodynamic Equilibrium.............................................139
8.4 Corona Equilibrium.........................................................................142
8.5 Collisional Radiative Models.........................................................146

9 Line B ro ad e n in g .................................................................................. 153
9.1 Profile Functions............................................................................ 153
9.2 Broadening Mechanisms.................................................................155

9.2.1 Natural Broadening............................................................. 155
9.2.2 Doppler Broadening........................................................... 156
9.2.3 Pressure Broadening by Neutral Particles........................ 157
9.2.4 Stark Broadening................................................................. 158
9.2.5 Effects of Collective Fields..................................................170
9.2.6 Magnetic Field E ffects....................................................... 174
9.2.7 Broadening due to Self-Absorption .................................176

10 Diagnostic A p p lica tions....................................................................179
10.1 Verification of Atomic D a ta .......................................................... 179
10.2 Measurements of Particle D ensities............................................ 180

10.2.1 Particle Densities from Line Emission.............................180
10.2.2 Particle Densities Employing Injected Fast B eam s........182
10.2.3 Density of Molecules..........................................................182
10.2.4 Actinometry........................................................................133
10.2.5 Particle Densities from Absorption Measurements........183
10.2.6 Ratio of Particle Densities from the Spectra

of Helium-like Io n s .............................................................134
10.3 Temperature Measurements......................................................... 136

10.3.1 Atom, Molecule, and Ion Tem perature.......................... 186
10.3.2 Electron Temperature....................................................... 187

10.4 Measurements of the Electron Density .......................................195
10.4.1 Electron Densities from Line Profiles..............................195
10.4.2 Electron Densities from the Ratio of Lines.................... 198
10.4.3 Electron Densities from the Continuum Emission

at Long Wavelengths .........................................................200
10.4.4 Electron Densities from Other Spectroscopic

Observations........................................................................201
10.5 Electric and Magnetic Field Measurements ............................... 202

10.5.1 Magnetic F ields.................................................................202
10.5.2 Electric F ie ld s ...................................................................203

A A ppend ix ................................................................................................ 205
A.l List of Symbols .............................................................................. 205



XII C ontents

В A p p e n d ix ................................................
B. l Data Centers ............................

C A p p e n d ix ................................................
C. l Atomic Constants and Quantities
C.2 Some Atomic Relations...............

R eferen ces ......................................................

Index


