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Microwave Reflectometry for Plasma Diagnostics
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Abstract

Microwave reflectometry is a plasma diagnostic that launches microwaves to a plasma and measures the
wave reflected at a cutoff layer in the plasma. It is used mainly for density profile and density fluctuation meas-
urements. Because of its high radial resolution, high sensitivity, and relatively easy implementation, micro-
wave reflectometry has been used in many devices. In this report, highlights of the measurements, as well

as the features of reflectometry, are described.
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Fig. 1 Conceptual diagram of microwave reflectometry.
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Fig. 2 Solutions of the wave equation. (a)Density profiles (A, B).
(b)Two independent solutions. (c)Solutions for different
density profiles.
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Fig. 3 Development of edge density gradient after L-H transition
(a), and the perturbations (b) [6].
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Fig. 4 Variation of divertor D,, reflectometer signals and mag-
netic probe signals across the L to H transition [8].
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Fig.5 Phase magnitude from reflectometer measurements. The
dashed lines indicate model density perturbations and the
solid lines indicate corresponding phase perturbations.
Profiles at two different timings are shown [12].
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Fig. 6 Radial profile of the correlation function outside (circles)
and inside (squares) the internal transport barrier [13].
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Fig. 7 Radial profile of reflectometer signals during ICRF heat-

ing [14].
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Fig. 8 Doppler reflectometry spectra for two discharges with
different propagation velocities [16].
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Fig. 9 Cross correlation between O- X-mode reflectometers.
The frequency of X-mode is 30 GHz, while that of O-mode
is swept [18].
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Fig. 10 Unreasonable density profile affected by fluctuations.
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Fig. 12 Schematic drawing of the imaging reflectometer.



Commentary

gboboboboooboobooobooboboboboo
gogooboobooooooooboobobobo

oboboboooooboobobobooooooo
OO00OFg80000DDODOODOOOOOOO0OO0OO0O
gboobooboboooobooooooboooobooboo
goooobobobboooobooboobooogogoo
gboboobobooooboooboobooobobooboo
oMo ooooooooooooobobooo
gboboboboooboobooobooboboboboo
goooooooon

gooon
gboboobooooobobobobooooooon
goboobooboobooboboobobobbooon
gboboobobooooboooboobooobobooboo
gooboboboooooooobooooboboo
gboboboboooboobooobooboboboboo
gboobooboboooboooooobogoboboboo
goboboboboooooooobooooboboo
gbobobobooooboooboobooobobooboo
gboobooboboooobooooooboooobooboo
goobooboboobooooooooooboboo
gboboobobooooboooboobooobobooboo
gooboboboooooooobooooboboo
gboboboboooboobooobooboboboboo
gboobooboboooboooooobogoboboboo
goboboboboooooooobooooboboo
gboobobobooooooog
gboboobooooobooboboboono boo
gooboboboboooooog

O0ooan

00000 COoOooooOoooooooOo 74, 1382
(1998) 000 OOODOOOUOOODOOODO 71,
49 (1995 000000000O0ODOOODOOO 71,
132 (1995).

0 0O O E. Mazzucato and R. Nazikian, Plasma Phys. Control.
Fusion 33, 261 (1991).

0 0O O AE. Costley, in International School of Plasma Phys.
Bologna, 1986, p. 379-396.

00 0O X.L.Zou,L.Laurentand J.M.Raz, PlasmaPhys. Control.
Fusion 33,903 (1991).

Microwave Reflectometry for Plasma Diagnostics

A Ejiri

0 O O F. Simonet, Rev. Sci. Instrum. 56, 664 (1985).

0 0O O F.Wagner et al., Plasma Phys. Controlled Nuclear Fu-
sion Research 1990, IAEA Vienna 1991 Vol.1 277-290;
M.E. Manso et al., 18th Europ. Conf. on Contr. Fusion and
Plasma Phys. Berlin, (1991) 15C 1-393.

000 TFR Group, Plasma Phys. Control. Fusion 27, 1299
(1985).

00O 0O KH.Burrelletal., Phys. Fluids B 2 1405 (1990); E. Doyle
et al., Rev. Sci. Instrum. 61, 3016 (1990).

0 0O O E. Doyle et al.,Phys. Fluids B 3, 2300 (1991).

00 N. Oyama and K. Shinohara, Rev. Sci. Instrum. 73, 1169
(2002).

00 GJ. Kramer et al., Plasma Phys. Control. Fusion, 35,
1685 (1993).

00 R. Nazikian et al. Phys. Plasmas 5, 1703 (1998).

JJ0 K. Shinohara et al.,Rev. Sci. Instrum. 70, 4246 (1999);
R. Nazikian et al., Fusion Energy 1998 (IAEA Vienna,

1999) Vol.4 p.1689.

OO0 A Mase et al., Rev. Sci. Instrum. 66, 821 (1995).

0JJ0 J. H. Lee et al., Rev. Sci. Instrum. 66, 1225 (1995).

0000 M. Hirsch et al., Plasma Phys. Control. Fusion 43, 1641
(2001).

0J0J0 A Mase et al., Phys. Fluids B 5, 1677 (1993).

OO0 M. Gilmore et al., Rev. Sci. Instrum. 74, 1469 (2003).

00 A Ejiri, K. Shinohara and K. Kawahata, Plasma Phys.
Control. Fusion 39, 1963 (1997); M.Gilmore, W.A.
Peebles and X.V. Nguyen, Rev. Sci. Instrum. 72, 293
(2001).

JJO0 T. Tokuzawa et al., Rev. Sci. Instrum. 68, 443 (1997).

0JJ0 E. Mazzucato et al., Phys. Plasmas 9, 1955 (2002).

0000 0O00O0O0O0O0O00O0OOoOooO 78,439 (2002).

00 K. Shinohara, Y. Miura and K. Hoshi, J. Plasma Fusion
Res. 74, 607 (1998).

o oo

O

0

moooooooooooooooo
goooooooobobOooooooao
giomooooooooooooooo
gobooooooobooooooooo
MHDOOOOOOOOOO0OOOOO0OO0O0O0o0O0oooboooon
oobooooooooooboooooooooooon
obooOoooooooooooooooooooboooog |
oobooooooooooboooooooooooon
goooooooom




