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AP EIEAFHITRIRE S __ 8|y Temperature
p+p—=D+e’ +v_ +0.42MeV " & 2 12 F [Mdeg;

p+D—3He +y+ 5.49MeV

;He+;He—;He + 2p + 12.86MeV

> BANEETFEERG6.55 MeV; T T

> 1SR T15MAH; r (10%m)

> BPB62lMEEFAERE =
g A Density

[g/cm3)

82 > XM
CNO cycle (H. Bethe)

© - Approx. size of Earth

A. Eddington and H. Bethe
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Producing a self-sustaining fusion-

o heated plasma is a grand challenge

UsBPO

1928 Fusion reactions explain energy radiated by stars [Atkinson &
Houtermans]

1932 Fusion reactions discovered in laboratory [Oliphant]

1935 Fusion reactions understood as Coulomb barrier tunneling [Gamow]

1939 Theory of fusion power cycle for stars [Bethe—Nobel Prize 1967]
1950 Use of fusion for military objective
1950’s Invention of tokamak, helical system, mirror, etc.

1958 2nd UN Atoms for Peace Conference (Geneva): magnetic fusion
research was de-classified

1968 Russian results on high-temperature plasmas presented at |AEA
Fusion Energy Conference

Since then: Worldwide explosion in toroidal plasma research, leading to the
attainment of fusion-grade plasma parameters
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Magnetic Electron
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Inner Poloidal field coils
(Primary transformer circuit)

Poloidal magnetic field Outer Poloidal field coils
(for plasma positioning and shaping)
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Plasma electric current Toroidal magnetic field
(secondary transformer circuit)
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Magnetic hine nest
Closed magnetic surface
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RER: 1.4 m
MER: 0.4 m
SKEE (§F) E: 1.5 mm
ST 0.1~0.5 MA
BOmEEE: 10~30 ms
IFEEE:  10~50 V
FETFARERER: ~4 pH
elf@: 3 VS
armE. 0 ~ 80
FETHERE ~10"m3
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TRMNZENGEESH : mE X BEXGEEL
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nNnTt 1.5%10% keV-m3-s
(EMEHE > 5%x102'keV:-m3-s)
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Source of
Group Instability free energy Subspecies Properties
Ion m; modes VI1; Slab modes W Wi
Instabilities Toroidal modes Mi = Tic
Trapped ion modes Ly /R < (L1, /R) i
Electron Drift Waves Ve Slab modes W RS Wee
Toroidal modes
Dissipative trapped vT. Ew < ve < £ Vine /qR
electron modes Eng < kip. <v.L,/cc,
Electron Collisionless trapped Vi, ve < fw < £ 2 Vine /qR
instabilities electron modes g < kip, <1
7. modes VT, Slab modes Wpe/€ < k1 < p. :
Toroidal modes ky Vihe, whe < w < Wee
EM drift waves Ve W RS Wee, k1 pa = 1
Resistive vF Fast modes W RS Wee
Fluid like ballooning modes Slow modes kyVibe < w
instabilities Current diffusive vP kyVibe < w

ballooning modes
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Indicative

turbulence
scales

Turbulence/

transport
mechanisms

Affected
transport
channels

Stabilization
mechanisms

KyPs ]‘ . 1 =0
ky (em™) 10 100
ITG
TEM
ETG
lon thermal
Momentum

Electron particle
Electron thermal

ExB shear
Reversed magnetic shear (NCS)
ct-stabilization (Shafranov shift)
Impurity injection
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