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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].

EMRCENID

5. MEKES
5.1 MELRESHA

VAkSy d, JEIEEE dol o 3 h %87 — dP; i3,
ROXTHZHNS.

APy = Pyner LAOATS (b, w)dw/2x (5-1)

22750, P (AT —, ne AZHGEL RN O HIE,
re WX IET A48, L ITNGEURREE, do @fEanidkn,
TIEEERBHEO T4 2 ) =125 5 1 BEORM
MR, Sk w AR PLEEMBTSHS. K
WASf TORELE D 7 —1X[11],

2

A
P P.a”‘r(_- HUZ w)df‘]?—rw

Ehd, 72750 wo B AE—LEETHS. BELM
DR T =i, #=5x10"m™?% r2=7.94x10"*m?
Ain=2.14%10"%m, wo=3cm, 6,=20°, Af=1GHz,
FTN7 rHFESESE o) ~107"D L &, P/Pu~1
x10°B kB, £oT, A=A 20ED 7 —%
Pin=300kW &4 2 &, P,=0.3nW LIS R
B, BTAHRBEI, K9 2759 FRONIEELM S
T—r D) IHRKRELBHEIAZICHOIRTLE Y.

=7 8 (5-2)

BB T

610

19969 7 1

5.2 MELZANY M LOFR

B A YHELARYZ A6k, FEGCTLT
TRFOHEGFHWE, TOEE, ZNoHE, BLY
Zog ZHNTHE L THGTIEA A HESAMMEEGEE D 4
FrMEEEDA D EATES, MELRIMRIE
CDARY b7 ARIRZGFRIERL KDL IDTRITH
6w,
(1) OLWEEDARY PV

O &— FT, WM)im & ELikE~<2 b Ll
& Bk, Mlb¢=0°) O, A7 P VERENEIZ
KOO WHEHOXTY 2 54(20,24], Bdtiitsy
HMNIZITR A,

Sk, w) =5—

Ae
kr(|1

“felw/k)

+ _2_.,{,- Ae

kn,

2;2;%(«;/1:) (5-3)

BRI SR ENLET I LOHELARS b
VT, BHNA A BEY -V FT2EF2500E
ARY MV ThD, T, |y/el DREDPSDIDES
12, R Ae~0E%d k5 LREDEE, ARZ b
M= 2B NAZ LA THTES.

IET T 5 X285 A =% I22wT, 3HEOHNE
GAMENZDWTDARY b Sk, w) ORISEEY%
Fig. 5 I2/RF. SCTid, D& TAA T FHix L
h—flifinf A ELTWAS. TV 7 HFOEET A
V¥ —it E,=3.5MeV DT, k= (drc/f;) sin(6./2)
=10%m™ 'k ), EhCHIET HEMEEIE .=V 27
=2.00GHz &% b, AXY FE S (ko) =Sk, w)

KV /21 K\a/2m
| |

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].



T7X7 - BRATRE H2BHTY

FRE TwOLE, 753X olMtsns 14X
i, BEEBEAf Iz LT,

PylW1=1.6x10""*TyleV]14f(Hz] (6-1)

THEND., JET COREIM L MiIX140GHz OB 4,
Fig. 4 DX 512 Tn~500eV TH LD 6, Af=1GHz
DL & Py=8mW & &5, %/ Pyvaf=8x
107"W/Hz Ch 5. ELEIRS120.3 nW 04— ¥ (%
BT RIEICIRINTH & Tn~0.93eV) DT, Ps/Py
~3.75x1073 LIEWISAEL Ny 2 TI 9 FI4 X
CEHhTLES., LALBERTHEIE, BT sS
LIZEoT /A ARAERSL, YTV VERBZRLD
bET SN LEUKT ST EHTE3(30],
6.1 KApTF14F7¥3>SNK

ERLAE 3R/ A XML NEBBoM3#H0 SN
HZKORXTHETE 5.

S Ps Yedf+1

N Ps+ Py
LR, ar 3B%BUI FiiTtHhs, 3
Bz Po/Phkl, tdf>1 DL &

(6-2)

i ~ l’ezlinz P;,,neIS (k, (u) v tA! ( 6- 3)
N~ vxl.6x107 " Tn wosindy

LB, WBLA/INF A—-5 DA, Ps/Py=3.75%
1073 0T, MM c=30ms, AE¥HAS= 1GHz
35k, (z4N%5=54TTx 10K Z VDTSNt
20 %5, ¥, r=200ms, Af=0.5GHz D4,
S/IN=375,%3%. SNREHSUESNITI VDT,
TNV7 P RFORENITRE EX 6505 ([12).

6.2 NLAERETFRShHRHBHAHMEE

VryintborilidvirogEe—ati Lo A
HE¥hz0T, ECR #BFELES v, EHhLHD
SERAIck Y, ECR mE#ANEC Awikikitdhs. ¥
YA by AN L TEFREMMKTS L,
140GHz SEBDOY 4 7a ba yBatd A, RIMRICA
WBDTHELEBES LRI 3. LIzHsT,
Iy bRV e EBEMISHITITD, ¥4 20b
o B atA AR L, iRElEE S e L h g
12 5.

chaEBETs0IE, Vrlfotbar A REN
L, BREAEEBELYS 70 o BHMESZRNT .
Z S Cik ECR MO B TR VL H /40 2 OBFH
A2 CX237534 <, JET TiX fmea=30kHz & T 5.
Vydobavii Fig8@an X )it hBkER/ VA
AT A L, MBBMDIE Figsbn kHic/ 1 X%

612

19965£ 7 A

(a)

(b)

(d) 4N
MF
S
0
(e) R
R+ Ry
A P
0 v o

time

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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