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Situated in Bayern, height 1838 m
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The W7-AS stellarator
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The ’stellarator’ was invented by Lyman Spitzer, Jr., in 1951

A fusion machine has 3 main parts:
*The vacuum vessel containing the plasma

®A system of coils (W7-AS: 45 modular coils, 10 planar coils)
creating the magnetic field required

®External heating systems
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The W7-AS stellarator
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*Machine size: Major radius R =2 m, minor radius a < 0.18 m

®Rotational transform | = n/m = poloidal/toroidal winding
number is between 0.3 and 0.6 (safety factor g = 1/1)

*Maximum temperatures: T, =7 keV, T, = 2 keV e e D
*Maximum density: n, =4 x 1020 m3 ]
*Maximum normalised plasma pressure: Risoe.dk

B = p/(B%/2,) = 3.1 % (average value)



The W7-AS flux surfaces
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To visualise the magnetic field structure as a function of the
toroidal angle ¢, one can calculate flux surfaces on which the

magnetic field and plasma current wind helically (shown here
for1 = 0.344)

External heating systems:

®Electron cyclotron resonance (ECR) heating: Gyrotrons at

*Neutral beam injection (NBI) heating: 4 MW ]
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The W7-AS divertor
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Layout of W7-AS Divertor Modules
& Plasma Configuration
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The density fluctuation diagnostic
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Diagnostic installed on the
W7-AS stellarator

Small angle collective
scattering of infrared light
(radiation source is a CO,
laser)

Heterodyne, dual volume
system (only 1 volume
shown for clarity)

Wavenumber range is
from 14 to 62 cm’

M. Saffman et al., Rev.
Sci. Instrum. 72 (2001)
2579
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The density fluctuation diagnostic
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Diagnostic installed on the
W7-AS stellarator

Small angle collective
scattering of infrared light
(radiation source is a CO,
laser)

Heterodyne, dual volume
system (only 1 volume
shown for clarity)

Wavenumber range is
from 14 to 62 cm’

M. Saffman et al., Rev.
Sci. Instrum. 72 (2001)
2579
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Current ramp experiments
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Current ramp experiments: Wide beam

localisation
Fluctudtion power, [-120,-100] kHz ] ] ]
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Turbulence profiles for bad and good con-
finement [Basse N Pet al., XXVICHG (2001)]
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Current ramp experiments: Narrow beam

localisation

Cross amplitude vs. time and frequency,
8. = 10.5"(bottom of plasma)
e b

electron

Frequency [Mhz]

Approaching bad confinement, the

fluctuations in the electron diamagnetic
drift direction slow down.

[Besse NP etal., 27" EPS, ECA 24B (2000)

240, Brakel R et d., J.Plasma Fusion Res.
SERIES, 1 (1998) 80]

Cross amplitude vs.
time and frequency,
g, =-9.5°

(top of plasma)
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The ultra high density mode
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The ultra high density mode

Channel #2

Right: Autopower spectrum
versus frequency and time, bad
confinement
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The ultra high density mode

Autopower spectra, volume 2
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The ultra hlgh denS|ty mode

Time interval 0501 0.60 seconds

2000

15001 4

[o.u.]

1000— =

Scattered power

500— =

. . .
BO 85 30 95 100
Shot number {first one 518871)

&0 &5 a0 a5 100
Shot number (first one 51881)

Top rows:

®Left: Autopower integrated over all frequencies [-3,3] MHz

versus shot number

*Right: Autopower integrated over [-3,-1.2] MHz versus shot

number
Bottom rows (identical):
*Stored energy versus shot number
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Low- and high confinement mode

Right-hand figure:

Autopower spectra from a W7-AS
shot displaying three distinct
phases:

1. L-mode 100-400 ms
2. Dithering H-mode 400-550 ms
3. ELM-free H-mode 550-600 ms
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