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ABSTRACT 

Almost 700 citations have been compiled as the first step in reviewing the recent 
research on tokamak fusion product effects in tokamaks. The publications are listed 
alphabetically by the last name of the first author and by subject category. 

... 
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The next generation of tokamak experiments will focus on the role of fusion 
product (FP) effects. Much understanding of this physics, both theoretical and 
experimental, has been gained since Kolesnichenko’s 1980 review of the subject in 
Nuclear F u ~ i o n ,  Vol. 20, pp. This bibliography is the beginning of a 

sequel to Kolesnichenko’s review, The citations have been sorted into t4he following 
categories: 

727-780. 

1. Single Particle Effects 
A. Orbits and Prompt Loss 
B. Collisions, Heating, and Nonprompt Loss 
C. Toroidal Field Ripple Effects 

II. Neoclassical Transport 
A. Fokker-Planck Models 
B. Monte-Carlo and Multigroup Models 

111. Collective Processes 

IV. Burning Plasmas 
A. Ash Control 
€3. Thermal Stability 

V. Fusion Product Experiments 
A. Charged FP Measurements 
3.  Neutron Measurements 
C .  Diagnostics 
D. Simulations with FP Effects 

VI. Nuclear Reactions 
A. Fusion Rates, Reactivities, Kinetics 
B. Nuclear Elastic Scattering 
C. Spin-Polarized Fusion 

VTI. Atomic Processes 
A. Charge Exchange and Ionization 
B. Impurity Effects: Radiation, Scattering 

VIII. Alpha Physics Summaries 

In Appendix A, citations are listed alphabetically by the last name of the first 
author. The subject category is noted within square brackets at the end of each 
citation in Appendix A. In Appendix B, citation numbers are listed for each subject 
category. Some references address related issues (e.g., neutral beam injection) rather 
than FI’ physics per se; these are indicated by an asterisk in the left margin next 
to the citation number. 
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Since new citations will be added to this bibliography until the review is com- 
pleted, additions and comments from the readers are welcomed and encouraged. 
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Appendix A 

ALPHABETICAL LIST OF CITATIONS 

1. Abe, M., Nagami, M., Hirayama, T., et al., “Scaling of the Thermoniiclear 
Fusion Yield in the Doublet I11 T~karnak,’~ Nucl. Fusion 27 (1987) 963 [VD] 

2. Abramov, V.A., Gontis, V.G., Lisitsa, V.S., “Role of Fast Ions in the Eniis- 
sion from a Rot Plasma,” JETP Lett. 37 (1983) 444 [VIIA] 

3. Abrarnov, V.A.,  Lisitsa, V.S., Pigarov, A.Yu., “Changes in Effective Charge- 
Exchange Gross Sections in a Plasma,” JETP 1,ett. 42 (1985) 358 [VIIA] 

iz. Abulaffio, C . ,  Peres, A,,  “Phase Shift Analysis of nD, nT, DD, DT, aD, and 
aT Cross Sections,” in Nuclear CTOJS Section8 and Technology (‘PToc. Conf. 
Washington, D.C., 19751, NBS Spec. Publ. 425, Vol. 2, U.S. Government 
Printing Office (1975) 701 [VIA] 

5. Aburdzhaniya, Kh.D., Kaladze, T.D., “Suppression of the Thermonuclear 
Alfvin Instability in a High-Beta Tokamak,” Sov. J. Plasma Phys. 4 (1978) 
694 [EII] 

6. Aburdzhaniya, Kh.D., Lorninadze, D.G., “Relaxation of Ion Ream Moving 
Across a Magnetic Field in a Plasma,” Sov. J. Plasma Phys. 3 (1977) 56 

7. Akhiezer, A.I . ,  Rekalo, M.P., “Radiative Capture of Polarized Deuterons by 

* 

[I111 

Alpha Particles,” Sov. Phys. Dokl. 28  (1984) 121 [VC] 

Ripple Transport in a Tokamak,” Phys. Fluids 31 (1988) 1809 [IC] 

9. Albert, J.M., Boozer, A.H. ,  “A Generalized Discrete Mapping Treatment of 

Nonresonant Ripple Transport in a Tokamak,” Phys. Fluids B 1 (1989) 1335 

10. Albert, J.M., Boozer, A.H.,  “Discrete Mappings and Resonant Ripple Trans- 

8. Albert, J.M., Boozer, A.H., “A Bounce-Averaged Collision Operator and 

[IC:] 

port in a Tokamak,” Phys. Fluids 31 (1988) 1811 [IC] 

in Tokamaks,” Nucl. Fusion 28 (1988) 2151 [IB] 
11. Anderson, I)., Ratistoni, P., “Calculation of Triton Confinement and Burnup 

12. Anderson, D., Harnnen, H., Lisak, M., “Alpha-Particle Ripple Losses During 
Slow Down in a Tokamak Reactor,” Phys. Fluids 25 (1982) 353 [IC] 

13. Anderson, D., Wamnen, H.,  Lisak, M., Thermonuclear Tokamak Plusmas in 
the Presence of Fuaion Alpha Particles, EUR-FU/80/88-91, Commission of 
the European Communities, December 1988 [VIII] 

I 1.1. Anderson, D., Lisak, M., “Enhanced Particle Losses and Hollow Distribution 
Functions Due to RF-Induced Velocity Diffusion,” Phys. Fluids 27 (1984) 
2477 [IVA] 
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* 15. Anderson, D., Lisak, M., “Particle Losses Due to RF-Enhanced Pitch-llngle 
Scattering into Velocity Space Loss Regions,” J. Plasma Phys. 32 (1984) 
273 [IVA] 

16. Anderson, D., Lisak, M., “Quasilinear Theory of the Thermonuclear 
Magneto- Acoustic Cone Instability,” Phys. Fluids 27 (1984) 925 [HI] 

17. Andrade, A.,  Hale, G.M., “Nuclear Effects on Ion Heating Within the Small- 
Angle Charged-Particle Elastic-Scattering Regime,” Fhys. Rev. A 30 (1984) 
1940 [VIB] 

18. Andrews, P.L., Goldston, R.J., “Scattering of Suprathermal Ions by Partially 
Ionized Impurities,” Phys. Fluids 23 (1980) 287 [VIIB] 

* 19. Antonsen, T.M., Yoshioka, X., “Ladio-Freyuency-Indiiced Current and 
Transport in Toroidal Plasmas,” Phys. Fluids 29 (1986) 2235 [IVA] 

20. Arinichev, A D . ,  Zhogolev, V.E., Putvinskii, S.V., Chuyanov, V.A., “Nature 
of Transition to Fusion Burning in a Tokamak,” Sov. J .  Plasma Phys. 12 
(1986) 835 [IVB] 

I 21. Artsimovich, L.A., “Tokamak Devices,” Nucl. Fusion 12 (1972) 215 [VIII] 

22. Ashby, D.E.T.F., Hughes, M.H., “Dynamic Burn Control of a Tokamak Re- 
actor by Fuel Injection,” Nucl. Fusion 20 (1980) 451 [IVB] 

23. Attenberger, S.E., Houlberg, W.A.,  “Fast Alpha Diffusion and Thermaliza- 
tion in Tokamak Reactors,” Nucl. Technol./Fusion 4 (1983) 129 [IIB] 

24. Attenberger, S.E., Houlberg, W.A., “Multi-Group Diffusion of Fast Alpha 
Particles in Tokamaks,” presented at the 3 0th Conference on Numerical Sim- 
ulation of Plasmas,” §an Diego, CA, January 4-6, 1983 [IIB] 

25. Attenberger, S.E., Houlberg, W.A.,  Uckan, N.A., “Transport Analysis of 

Ignited and Current-Driven ITER Designs,” Fusion Technol. 15 (1989) 629 

[VT11 

* 26. Axon, K.B., Gill, R.D., Hemsworth, R.S., et al., “Electron and Ion IIeating 
by Neutral Beam Injection in the DITE Tokamak,” Nucl. Fusion 18 (1978) 
981 [VD] 

* 27. Aydemir, A.Y., Hazeltine, R.D., Meiss, J.D., Motschenreuther, M., “Desta- 
bilization of Alfvkn-Resonant Modes by Resistivity and Uiamagnetic Drifts,” 
Phys. Fluids 30 (1987) 4 [III] 

28. Bshcall, J . W . ,  “Non-Resonant Nuclear Reactions at  Stellar Temperatures,” 
Astrophys. J. 143 (1966) 259 [VIA] 

trolled Fusion 26 (1984) 1015 [IA] 

of Fiision Reactions,” Sov. J .  Plasma Phys. 13 (1987) 558 [IIA] 

29. Harak, G., Robertson, S., “Drifts of Drift Surfaces,” Plasma Phys. Con- 

30. Basko, M.M., “Model of Diffusive Energy ‘Transport by Charged Products 
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31. Batchelor, D.B., Jaeger, E.F., Colestock, P.L., “Ion Cyclotron Emission from 
Energetic Fusion Products in Tokamak Plasmas-A Full Wave Calculation,” 
Phys. Fluids B 1 (1989) 1174 [VC] 

32. Ba.tistoni, P., Bittoni, E., Haegi, M., “Triton Confinement as Inferred from 

Fusion Produced Neutron Measurements in the FT Tokamak,” Nucl. Fusion 
29 (1989) 673 [VB] 

33. Batistoni, P., Martone, M., Pillon, M., et al., “Measurements of Triton Burn- 
up in Low-q Discharges in the FT Tokamak,” Nucl. Fusion 27 (1987) 1040 

CVBl 

34. Batistoni, P., Martone, M., Pillon, M., et al., “Measurements of Tritium 
Burn-up in Low q Discharges in the FT Tokamak,” in Controlled Fusion and 
Plaarna Physics (Proc. 14th Eur. Conf. Madrid, 1987), Vol. 11D, Part 111, 
European Physical Society (1987) 1268 [VB] 

35. Batistoni, P., Martone, M., Pillon, M., et ELL, “Studies of Tritium Burn-up 
in J E T  Discharges,” in Controlled FuJion and Plasma Physics (€’roc. 14th 
Eur. Conf. Mad.rid, 1987), Vol. 11D, Part 111, European Physical Society 
(1987) 1228 [VB] 

36. Bauer, W., Wilson, K.L., Risson, C.L., et al., “Alpha Transport and Blister- 
ing in Tokamaks,” Nucl. Fusion 19 (1979) 93 [IA] 

37. Razylev, V.A.,  Chibisov, M.I., “Charge Exchange in Collisions of Miiltiply 
Charged Ions,” Sov. J. Plasma Phys. 5 (1979) 327 [VIIA] 

38. Belikov, V.S., Kolesnichenko, Ya.I., Yavorskij, V.A.,  “Containment of Alpha 
Particles in Tokamak  reactor^,^' Nucl. Fusion 21 (1981) 1311 [IA] 

39. Belikov, V.S., Kolesnicbenko, Ya.I., Yavorskij, V.A.,  “Overview of ‘Tramport 
Processes of High-Energy Alpha Particles in Tokamaks,” Fusion Technol. 15 
(1989) 1365 [VIII] 

I 40. Higlari, N., Diamond, P.H., Rosenbluth, M.N., “Toroidal Ion-Pressure- 
Gradient-Driven Drift Instabilities and ‘I’ransport Revisited,” Phys. Fluids 
B 1 (1989) 109 [IIIJ 

41. Bishop, C.M., Fitxpatrick, R., Hastie, R.J., Jackson, J.C., ‘Lhlpha Particle 
Induced Magnetoacoustic Iiistability in a, Thermonuclear Plasma,” Plasma 
Phys. Controlled Fusion 31 (1989) 431 [ITI] 

42. Bittoni, E., Cordey, J.G., Cox, M., “The Distortion of the Thermal-Ion 
Distribution During Neutral-Injection Heating,” Nucl. Fusion 20 (1980) 931 

WI 
43. Bittoni, E., Fubini, A., Haegi, M., “Enhancement of the Alpha-Particle Con- 

finement in Tokamaks in the Case of Polarized Deuterium and Trjtium Nu-  
clei,” Nucl. Fusion 23 (1983) 830 [I] 
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44. Rittoni, E., Fubini, A., Haegi, M., et al., “Preliminary Measurement of thc 
Burn Up of the Fusion-Produced Tritons in FT,” in Controlled Fusion and 
Plasma Physics (I’roc. 12th Eur. Conf. Budapest, 1985), Vol. 9F, Part I, 
European Physical Society (1985) 211 [VB] 

45. Rittoni, E., Ilaegi, M., “‘Preliminary Results on the Alpha Confinement in 
NET,”  in Controlled Fusion and Plasma Heating (Proc. 15th Eur. Conf. 
Dubrovnik, 1988), Vol. 12B, Part I, European Physical Society (1988) 298 

[IC1 

46. Bittoni, E., Haegi, M., “The l imit  of Alpha Particles Orbit Calc~lation,’~ 
Phys. Scr. TlS (1987) 82 [I] 

47. Dittoni, E., Haegi, M., Santini, F., Segre, S.E., “Alpha-Particle Containment 
in Tokamak Experiments,” Nucl. Fusion 22 (1982) 1675 [IA] 

48. Blue, T.E., Strugala, L.A.,  “A Non-Divergent Expression for Charged Par- 
ticle Slowing Down,” Plasma Phys. 23 (1981) 371 [IB] 

49. Boiko, A.Ya., Cheremnykh, Q.K. ,  “Effect of High-Energy Particles on Bal- 
Sov. J .  Plasma Phys. 14 (1988) 545 looning Flute Modes in a 

I1111 

50. Boozer, A.II., 14’nhanced Transport i7~ Tokamaks Due to l o ~ o i d a l  Ripple, 
PI’I’L-1619, Princeton Plasma Physics Laboratory, 1980 [IC] 

51. Boozer, A.H., “Guiding Center Drift Equations,” Phys. Fluids 23 (1980) 
904 [IA] 

52. Rosch, H-S., Ilaagnostik Geladener Aisionreacktionsprodukte in. ASDEX,  
Ph.L). Thesis, Technische Universitat Munchen, Decembcr 1986; also pub- 
lished as IPP-III/llG, Max-Planck-Institut fur Plasmaphysik, January 1387 

[VAI 

53. Bosch, II-S., Schumacher, U., ASDEX Team, “Measiwements of Charged Fu- 
sion Products in  ASDEX,” in Controlled Fusion cznd Plasma Heating (Proc.  
19th Eur. Schliersce, 1986), Vol. lOC, Part 11, European Physical 
Society (1986) 124 [VA] 

Cotzf. 

54. Boyd, D.A., Campbell, D.J., Cordey, J.G., ct al., “3He-d Fusion Reaction 
Kate Measurements During ICRH Heating Experiments in JET,” Nucl. Fu- 
sion 29 (1989) 593; also published as JET-P-(88)42, JET Joint Undertaking, 
1988 [VA] 

55. Bozhokin, S.V., Choban, E.A., ““Sopping of Charged Particles in a 

Maxwellian Plasma with a Magnetic Field,” Sov. J. Plasma Phys. 10 (1984) 
452 [IB] 

56. Brown, R.E., Jarmie, N.,  “Differential Cross Sections for 211(d,p)3H and 
’ H ( ~ i , n ) ~ H e  at  Low Energies,” submitted to Phys. Rev. C (1989) [VIA] 
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57. Brown, R.E., Jarmie, N.,  “Hydrogen Fusion-Energy Reactions,)’ Radiation 
Effects 92 (1986) 45 [VIA] 

58. Brown, R.E., Jarmie, N., Hale, G.M., “Fusion-Energy Reaction 3H(d,a)n at 
Low Energies,” Phys. Rev. C 35 (1987) 1999 [VIA] 

59. Brunelli, R . ,  “An Empirical Formula for the (D,T) Reaction Rate Farame- 
ter,’9 NUOVQ Cirnento I3 55 (1980) 264 [VIA] 

60. Brunelli, B., Leotta, G.G., eds., Muon-Catalyzed Fusion and Fusion with, 
Polarized Nuclei, Plenum Press, New York (1987) [VTG] 

* 61. Callen, J.D., Ernmert, G.A. ,  Bailey, A.M.,  et al., “Plasma ‘Pransport and 
Impurity Behavior in the Edge and Divertor Regions of a Tokamak,” in  
PlaJma Physics and Controlled Nuclear Fusion Research (Proc. 8th Int .  
Conf. Brussels, 1980), Vol. 1, IAEA, Vienna (1981) 775 [IVA] 

*62. Callen, J.D., Rome, J.A.,  “The Plasma Physics of Intense Neutral-Beam 
Heating in Tokamaks,” Nucl. Fusion 20 (1980) 501 [VD] 

63. Capes, € I . ,  Cissoko, G., Mercier, C., Norera, J.P., Werkoff, F., “Studies on 
Slowing Down of Energetic Tons and Transport Coefficients by Makokot,” in 
Controlled Fusion and Plasma Physic.$ (E’roc. 9th Eur. Conf. Ozford, 1979), 
Vol. I, Culham Laboratory, Abingdon (1979) 12  [IIA] 

* 64. Catamana, E.J., Perkins, F.W., “The Role of Impurities in Producing Ther- 
mal Instability in Ohmically IIeated Plasmas,” Nucl. Fusion 21 (1981) 93 

[JW 
65. Carnevali, A., A n  Esperirnental Irtveatigation of F a t  Ion Confinement on 

the I S X - B  Tokamak, Ph.11. Thesis, The University of Tennessee, Knoxville, 
1985 [VA] 

66. Carnevali, A.,  Scott, S.D., Neilson, G.H., et al., “Fast Jon Confinement Dur- 
ing High Power Tangential Neutral Ream Injection into Low Plasma Current 
Discharges on the ISX-B Tokamak,” Nucl. Fusion 28 (1988) 951 [ITA] 

67. Camera, R., Driga, M., Gully, J.H., et al., “Fusion Ignition Experiment 
(ICNITEX),” in Fusion Engineering (Proc. i t t h  Int. Syntp .  Illonterey, 
1987), Vol. 1, IEEE, New York (1987) 260 [VD] 

68. Carreras, B.A.,  Isler, R.C., Dunlap, J.L., et al., “MHD Activity and Neutral- 
Beam-Driven Transport Effects in ISX-B Tokamak,” in Plasma Ph?y/sics and 
Controlled Nuclear Fusion Research (Proc. 9th Int. Conf. Baliimore, 1982), 
Vol. 3, IAEA, Vienna (1983) 77 [IVA] 

69. Csrretta, U., Corti, S., Grosso, G., et al., “Alpha-Particle Dynamics in 
Toroidal Plasmas Close to Ignition,” in Controlled Fusion and E’Eaama 
Physics (Pruc. 10th Bur. Conf. Moscow,  1981), Vol. 1 (1982) paper 6-1 

11~31 
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70 

71 

72. 

73. 

74. 

75. 

76. 

77. 

78. 

79. 

80. 

81. 

82. 

83. 

Carretta, U., Farina, I )” ,  Lontano, M., et al. 61Burn Optimization in a Ther- 
rnoniicleas Reactor,” in Controlled P’usion arid Plaama Physics (Proc. 11th 
Ew. Aachen, 19891, Vol. 7D, Part 11, European Physical Society 
(1983) 531 [IVB] 

Carretta, U., Farina, J)*, Lontano, M., et al., “Electron Cyclotron Resonance 
Strategies in the Startup Phase of the Tokamak Reactor and Position-Burn 
Control,” in Plasma Physics and Controlled Nuclear Fusion Research (Proe. 

10th Int .  Conf. London, 1984), Vol. 3 ,  IAEA, Vienna (1985) 279 [IVB] 

Carretta, U., Minardi, E., “Existence and Accessibility of Igniting States in 
a Tokamak Inferred from Its Performance in Tritiuiriless Discharges,” Fusion 
Techid.  14 (1988) 320 /VU] 

Carretta, U., Minardi, E., Hacelli, N., 66P1asma Position Control in a Toka- 
mak Reactor Around Ignition,” Niicl. Fusion 26 (1986) 599 [IVB] 

Gary, J.R., Hedrick, C.L., ‘I’olliver, J.S., “Orbits in Asymmetric Toroidal 
Magnetic Fields,” Phys. Fluids 31 (1988) 1586 [IC] 

Casci, F.R., Minardi, E., “Plasrna-External Circuit Interaction in the Burn 
Control with Vertical Field,” Nucl. Technol./Fusion 4 (1983) 170 [IVB] 

Catto, P.J., “Evaluation of the Slowing Down Tail Enhanced, Neoclassical. 
Alpha Particle Energy Flux,” Phys. Fluids 30 (1987) 2740 [IIA] 

Catto, P.J., “Slowing Down Tail Enhanced, Neoclassical and Classical Alpha 
Particle Fluxes in Tokamak Reactors,” Phys. Fluids 31 (1988) 2292 [IIA] 

Catto, P.J., “Slowing-Down-Tail Enhancement of the Neoclassical Energy 
Flux of Alphas,” Phys. Rev. Lett. 60 (1988) 1954 [IIA] 

Catto, P.J., Ilastie, R.J., Connor, J.W., “Hot Particle Kinetic Effects on 

Ballooning in Tokamaks at, High Mode Number,” Plasma Phys. Controlled 
Fusion 2’7 (1985) 307 [III] 

Cecil, F.E., Medley, S.S., “Gamma Ray Measurements During Deiitcriurn 
and 311e Discharges on TF‘I’K,” Nucl. Instrum. Methods Yhys. Res. A271 
(1988) 628; also published as I’PPL-2414, Princeton Plasma Physics Labo- 
ratory, 1987 [VC] 

Cecil, F.E., Medley, S.S., Nieschmidt, E.B., Zweben, S.J., “Nuclear Reac- 
tion Diagnostics of Fast Confined and Escaping Alpha Particles,” Rev. Sci. 
Instrum. 57 (1986) 1777 [VC] 

Cecil, F.E., Newman, D.E., “Diagnostics of High Temperature Deuterium 
and Tritium Plasmas 1,y Spectrometry of Radiative Capture  reaction^,^' 
Nucl. Instrum. Methods Phys. Res. A221 (1984) 449 [VC] 

Cecil, ??.E., Zwebeii, S.J., Medley, S.S., “‘A Method for Determining Fast 
Alpha Particle Confinement in Tokamak Plasmas Using Resonant Nuclear 
Reactions.” Nucl. Instrum. Methods Phvs. Res. A245 f‘198Sl 547 lVC1 

Corzf. 



84. Chang, C.S., “Radial Diffusion of Energetic Tail Ions Driven by Electro- 
magnetic Waves of Ion-Cyclotron Range of Frequencies in Bumpy Torus arid 
Tokamak Geometry,” Phys. Fluids 28 (1985) 3598 [IVA] 

9 85. Chang, C.S., Harvey, R.W., “Generation of Poloidal Electric Field in a 
Neutral-Beam-Heated Tokamak,” Nucl. Fusion 23 (1983) 935 [IIA] 

.% 86. Chang, C.S., Hinton, F.L., “Effect of Impurity Particles on the Finite-Aspect 
Ratio Neoclassical Ion Thermal Conductivity in a Tokamak,” Phys. Fluids 
28 (1986) 3314 [IVA] 

87. Chen, L., On Resonant Excitations of High-n MHD Aiiodes h y  Ener- 
get ic /Alpha Particles in Tokumaks, PPPL-2597, Princeton Plasma Physics 
Laboratory, March 1989 [III] 

88. Chen, L., Chance, M.S., Cheng, C.Z., et al., “Theory of Drift, Trapped- 
Particle and Alfvdn Instabilities and Anomalous Plasma Transport,” in 
Plasma Physics and Controlled Nuclear Fusaon Research (Proc. 8th Int. 
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% 89. Chen, L. ,  Vaclavik, J., Hammett, G.W., ”Ion Radial Transport Induced by 
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93. Cheng, C.Z., “NOVA 2: A Kinetic-MIID Stability Code,” paper 3A34 pre- 
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* 94. Cheng, C.Z., Furth, H.P., Boozer, A.H. ,  “MHD Stable Regime of the Toka- 
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