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Abstract

The principle of measurements, present status, and various issues of collective Thomson scattering
for alpha particle diagnostics using gyrotron in D-T experiments are reviewed. Particular attention is
paid to the experiments at the TFTR and JET tokamaks. We further discuss the collective Thomson
scattering diagnostics for alpha particle in the next generation tokamak ITER.
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Fig.1 Scattering geometry for the collective Thomson scat-
tering.
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Fig. 2 Alpha parameter ao=1/kdg4. vs the scattering angle
@, for the incident wavelength of 1,,=10.6pm (f,=
28.3 THz) , frequency of f,=1.5 THz (1;,=200 mm),
140 GHz (A,,= 2.14 mm) and 250 GHz (1, =1.2
mm). Solid line is for To=10 keV, ne=1X102 m™?
and dotted line for To=20 keV, n,=1.52X10® m 2,
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Fig.3 (a) Radial distribution of the characteristic frequency
taking account of the relativistic effects in JET.
f.e indicates the fundamental electron cyclotron
frequency, 2f.. the second harmonics, fx the
X-mode righthand cut-off frequency (R cut-off) :
1= [Ipo? /4 156°1 5+ 1.e/2, 1, the upper hybride
frequency: fy = [fpe’ + 1eo?1%®, fye the plasma
frequency, f. the X-mode lefthand cut-off fre-
quency (L cut-off) : fu=[fes’/4+ £,021%%— 1.0/2,
respectively. The hatched regime shown in the
right-hand side indicates the X-mode propagation
regime. Parameters 8,=3.4 T, a=1.2 m, n,(0)
=5X10"" m™3, 7,(0)=15 keV, and a parabolic
density profile are assumed.
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Fig.3 (b) Radial distribution of the characteristic frequency
in TFTR. The higher toroidal field expands the X-
mode propagation regime. Parameters B,.=5.2 T,
e (0)=5X10" m™*, 7,(0) =15 keV, and para-
bolic density profile are assumed.
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Fig.4 Background electron cyclotron emission intensity in
JET [11].
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Fig.5 Calculated scattering spectrum from the alpha par-
ticles in JET. Maxwell velocity distribution of alpha
particles has T, = 500 keV. Parameters are [, =
140GHz, M,=2.5m,, ne(0)=5X%10"" m~3, n, (0) =
4.7%107 m™3, n(0) =4.56X 10" m™?, 7 (0) =12
keV, T,(0)=10 keV, #,=20", $=0", and a=9.3.
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Fig.6 lon temperature dependence of the ion feature in
JET. Parameters are the same as in Fig. 5 except for
Ti{0). The solid circles indicate the respective value
of kVi/2x, where Vi={(2ke Ti/ M)°S
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Fig.7 Scattering spectrum from the alpha partictes in TFTR.
Scattering angles are 8,=20°, $=88" [27].
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Fig.8 Data processing of the weak signals in the strong
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Fig.9 (a) The high power transmission system in JET [32].
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