INVESTIGATION OF HIGH ENERGY ELECTRONS AND THEIR
IMPLICATIONS IN THE S.IN.P. TOXAMAK

RAMESH NARAYANAN
Plasma Physics Division
Saha Institute of Nuclear Physics
1/AF Bidhannagar, Kolkata
INDIA

A thesis submitted to
The Jadavpur University
for the degree of
Doctor of Philosophy (Science)
2006



Contents

1 INTRODUCTION
1.1 Existence . . . . . . . . .
1.1.1 Astronomy and Astrophysical Plasmas . . . . . ... ... ......
1.1.2 Laboratory Plasmas . . .. .. ... ... ... .. ... . ...
1.2 Measurement Methods . . . . . . . . . .. . L oo
1.3 This Thesis . . . . . . . o . o
2 TOKAMAKS-A GENERAL PREVIEW
2.0.1 Plasma Equilibrium . . . . .. ... .. oo
2.0.2 Operational Regime . . . . .. ... .. ... .. . L.
2.1 Fusion Devices around the World . . . . . . .. .. ... ... ... ... ..
3 SINP TOKAMAK
3.1 SINP Tokamak parameters . . . . . . . . . ... ... .. .. ........
3.1.1 Vacuum pumping system . . . . . . . .. ..o
3.1.2 Gas puffing systems . . . . ...
3.1.3 Thelimiters . . . . . . . . . .. L
3.1.4 Baking and discharge cleaning systems . . . . . ... ... ... ...
3.2 The field coils and the power supplies . . . . . ... ... ... .. .....
3.2.1 The toroidal field coils . . . . . . . ... ... oL
3.2.2 The Joule heating and bias coils . . . . . .. ... ... ... .. ..
3.2.3 The equilibrium fields coils . . . . . . .. ... ... ... ...,
3.2.4 Pre-ionization arrangement . . . . . ... ..o Lo Lo

12
12
14
15



3.3 Timing diagram . . . . . . . . .. L L 32
3.4 The diagnostics . . . . . . . . L L 32

HIGH ENERGY ELECTRONS IN TOKAMAKS-A BRIEF REVIEW 35

4.1 Generation ProCesSes . . . . . v v v v e e e e e e e e e e 37
4.1.1 Primary Generation . . . . ... ... ..o 38
4.1.2 Secondary Generation . . . . .. .. .. ... Lo 39

4.2 Energy Limits . . . . . . . . .. 41
4.2.1 Synchrotron Limit . . . . . .. ... ... 41
4.2.2  Orbit Shift Limit . . . . . .. ... 42
4.2.3 Time Limit . . . . . . . . . 45
4.2.4 Magnetic Field RippleMFR] Limit . . . . . ... ... ... ..... 45
4.2.5 Instabilities . . . . . . . ..o 47
4.2.6 Disruptions . . . . . . ... 49

4.3 Runaway Electron Diagnostics . . . . . . . ... ... .. ... .. ... 50

4.4 Research Activities on High Energy Electrons . . . . . . .. ... ... ... 53
4.4.1 Runaway research in various tokamaks . . . . . .. .. .00 55
4.4.2 Runaway research in other devices . . . . . .. .. ... ... .. .. 66

4.5 Discussions . . . . . . ... e 68

HIGH ENERGY ELECTRON DIAGNOSTICS-SINP TOKAMAK 82

5.1 High Energy Electron Detectors: An Overview . . .. .. ... ... .... 83
5.2 Discussion . . . . . . ... 83
5.2.1 SINP Tokamak High Energy Electron Detection Diagnostic . . . . . 83
5.2.2 Rogowskii Coil system . . . . . .. ... ... 0oL 91
5.2.3 Langmuir Probe-Magnetic coil system . . . . ... ... ... .... 97
5.3 Numerical Analysis . . . . . . . . ... Lo 103
5.4 Summary . . ... L e 106
EXPERIMENTAL RESULTS 109

6.1 Overall runaway behavior of SINP Tokamak discharges: Parametric scan . . 111

xi



8

6.1.1 Variationof Ep: . . . . . . . ... o
6.1.2 Effect of variation of the toroidal field: . . . . . . .. .. ..
6.1.3 Effect of plasma equilibrium on the runaway characteristics
6.1.4 Effect of density on the runaway characteristics . . . . . . .
6.1.5 Effect of plasma cross-section on the runaway characteristics
6.2 Energyscalinglaw . . . . .. .. . o000

6.3 DIScussSion . . . . . . . ... e e

NEGATIVE CURRENTS AND “CURRENT HOLES”

7.1 Numerical Analysis . . . . . . . . ... ... L.
7.2 0-Dsimulations . . . . ... ... o
7.3 Spectral analysis . . . . . .. ..
74 Model . . ...

7.5 Discussions . . . . . . ..

Wavelet based multifractal estimation of SINP tokamak signals
8.1 Introduction . . . . . . . . .. ..
8.2 Fractals . . . . . .
8.3 Measurement of Fractals From Wavelet Technique . . .. ... ..
8.4 Multifractal Estimation . . . .. ... ... ... 0oL

8.5 Summary . . ...

SUMMARY AND CONCLUSIONS
9.1 Development Works . . . . . .. ... ... . L.
9.2 Results and Discussions . . . . . . ... ... 0oL

9.3 Future Work . . . . . . . . ..

xii

202
209
217
229
241
256

268
268
269
272
275
289



