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The features of microwave plasma diagnostics in fusion devices are studied. For this purpose a com-
plete description of electromagnetic fields involved in the microwave reflectometry is made. The diagnos-
tics features are examined for normal and oblique probing of plasma in large tokamak with non-circular
cross-section. The new possibility of probing by extraordinary wave is proposed for efficient controlling

the plasma density.
1. Introduction

Electron density profile measurements are
among the most important tasks of plasma diag-
nostics. Thomson scattering and multichord sub-
millimeter interferometry are widely used in large
tokamaks for this purposes. These methods are
mutually complementary. The first one allows lo-
cal density measurements at certain time moments.
The second one is used to measure the electron
density continuously. Information on the density
profile can be obtained in this case by solving the
inverse problem.

The analysis of situation for ITER
(International Thermonuclear Experimental Fu-
sion Reactor) has shown [1] that the employment
of the multichord interferometry meets great diffi-
culties due to the blanket presence and the mag-
netic configuration with a divertor. The other
method, namely, a single-chord multi frequency
reflectometry, was recognized to be promising
[2.3]. It was suggested and widely used as early as
in the sixties. Its advantages for determining elec-
tron density profiles have been demonstrated on
JET (Joint European Torus) [4].

This paper is devoted to the prospects of mi-
crowave reflectometry for fusion devices of ITER
size. The analysis presented may be applied for
any tokamak with sufficiently strong confining
magnetic field i. e. on condition that the electron
cyclotron frequency is greater or equal to the elec-
tron plasma frequency at plasma minor cross-
section. The presentation is organized in the fol-
lowing way. Chapter 2 gives the main parameters
of the ITER-scale plasma and magnetic configura-
tion, probing frequency values and spatial de-
pendences. Chapter 3 is concerned with the de-
scription of probing signal fields in the antenna. In
addition the influence of a low density scrape-off
layer plasma on the distribution of antenna-
emitted fields is studied. A brief description of ray
tracing technique which is used to investigate the
propagation of probing signal in bulk plasma is
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also given here. The features of microwave prob-
ing in the equatorial plane of fusion devices are
discussed in Part 4.1. In Part 4.2 a new way of
quick plasma diagnosing by means of extraordi-
nary wave is offered. The possibility of using the
extraordinary wave for determining of poloidal
dependence plasma density is considered in Part
4.3. The results are summarized in Conclusion.

2. Basic Principles

In a magnetized plasma, two waves may
propagate transversely to the magnetic field in the
electron cyclotron frequency band. The ordinary
(0-) wave (E || B) reflects at the point, where the
condition (x)=(opl,(r) is satisfied (here  is the

wave frequency, cu)pt,(r)=(47tnee2/m‘,yl2 is - the

electron plasma frequency, nL,(r) is the electron

density). The extraordinary (x-) wave (ELB) re-
flects at the points, where

= = (i 2% a2
m—ww—(mp+m(./4) +0./2,

(1
0=, =(co§, + o’ /4)’2 —, 12

here ,,, o, are the upper and lower cut-off fre-

quencies of  x-wave,  respectively  (here
®, =eB/m,c is the electron cyclotron frequency).

The reflection of o-wave is commonly used in elec-
tron density profile measurements. Since the posi-
tion of x-wave cut-off points depends on both the
plasma density and magnetic field value, the si-
multaneous probing with o- and x-waves may, in
principle, enable one to determine plasma density
and magnetic field profiles. For typical ITER-

(nL,(0)=n0 =10®"m™, the

plasma torus average minor radius a, =2.15m,

scale parameters
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the device major radius R, =6 m, plasma current
I1=22 MA) the poloidal magnetic field at plasma
boundary, B, =2T, is comparable to the toroidal
magnetic field at the outer side of the plasma
torus, B, =3.47, and strongly effects the wave

propagation (toroidal magnetic field at the inner
side of the plasma torus equals 7.67").

The magnetic configuration is involved in cal-
culations in following way. In the cylindrical sys-
tem of coordinates (R,p,Z) related to the main

axis of the torus, the poloidal magnetic flux
¥(R,Z) is computed by means of EQUS code [5]

based on the integral method of solution of the
equilibrium equation. Then we assume that the
quasi toroidal (r,t‘},(p) and cylindrical coordinate

systems are related as:
R=R, - Alr)+rcosd— 8(r)sin® 0,
Z =rAM(r)sin®.

Here r is the minor radius of magnetic surface, ¥
and ¢ are the angles along the minor and major
azimuth, respectively (9=0 at the outer side of the
torus), A(r) is the shift of magnetic surface center
from R,. 8(r) and A(r) are the magnetic surface
ellipticity and triangularity, accordingly. The func-
tions A(r), 8(r). Alr) are calculated numerically.

Taking into account three moments provides an
adequate description of device magnetic configura-
tion apart from the vicinity of divertor
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Fig. 1. Space dependences of the lower(A) and upper(+)
x-wave cut-off frequencies, the o-wave (*) cut-off fre-
quency, the cyclotron frequency (0), and the upper hy-
brid resonance frequency ( X ) at the equatorial plane of
torus

which is inaccessible for microwave diagnostics.
So we have the equations of magnetic surfaces
W(r)=const. The density was assigned as

n, =n,(¥), the poloidal field is determined by the
poloidal flux, and the toroidal field B, = ByR,/R .

The band for ITER-scale reflectometry in equa-
torial plane was found from the calculation of cut-
off point location with the bulk plasma density pro-
file of the form n,(r/ay)=(ny —n, )(l—rZ /a02§+ n.
As shown in Fig. 1, reflection of both o- and x-
waves (upper cut-off) takes place in non-
overlapping bands (30+90 GHz for the o-wave and
110+220 GHz for the x-wave). For typical ITER
parameters the o-wave cut-off frequency signifi-
cantly differs from . and the frequency w,, dif-

fers from 2w,. So the cyclotron damping of
probing signals is negligibly low.

3. Microwave Beam Propagation in Fusion Devices

As shown in [1], it is possible to arrange mi-
crowave antennas in one or two poloidal cross-
sections of the torus at the outward first wall. In
doing so a number of antennas can be shifted
away from the torus equatorial plane. However,
the employment of such antennas in large D-
shaped tokamak is related to a number of prob-
lems. They include the difficulty of the proper
choice of probing beam angle at different frequen-
cies and the significant decrease of probing beam
intensity due to beam spreading and reflection by
convex surfaces. To clarify these questions the
complete 3-D model of microwave propagation is
developed. The microwave frequencies and polari-
zation are chosen so as to correspond o- and x-
mode reflectometry in the ITER-scale device.
First, we carry out the consecutive calculation of
electromagnetic fields in antenna. Then, in low
density plasma scrape-off layer (SOL) we make
use of the parabolic approximation method, and
finally trace the 3-D rays in a bulk plasma.

3.1. Transmitting (Receiving) Antenna

We consider the antenna as a rectangular pyrami-
dal horn with the distance from the vortex to horn
aperture R, =0.25 m; a;, =0.02 m along the X-
axis (in toroidal direction) and b, =0.05 m along

the Y-axis (in poloidal direction). This horn acts
as a transmitting and receiving antenna simulta-
neously. It is attached to rectangular wave guide

with the side along the X-axis a, =8x107 m and
the side along the Y-axis b, =0.02 m.

The TE,,, -mode field in the wave guide is

mn
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E . =Ecos l:mn[i+lﬂx
: a2
xsin[m{i+%ﬂ explik.z),

where

2 2 1/2
T kz-[ﬂ”-J —[EJ and k=o/c.
3 a b

4 &

The amplitude E, is chosen so that the power flux
of TE,,-mode across the wave guide equals 1 W.

We introduce the spherical coordinate system
(r,,,ﬂ,,,(p,,) centered on the top of the horn. Then

neglecting the wave reflected from the horn aper-
ture and taking into account that the horn walls
practically coincide with the ¥, =const and

¢, =const planes we have for the horn field:

i co{%ji[mcow,,)]ﬁgizn(kr,,).

® ‘[kr,, Do aﬁh
2
Here H\(i)uz is Hankel function, L} is the linear

combination of Legendre functions, p=mm/¢@,,

@ =arctg| 2 gl o, =arctg by
= 118 =l 0= wxli
R/z &) 2 Rh
9, =1t/2—arctg(y/R,,).We study the propagation
of the fundamental mode, m=0, n=1. In this work it
is sufficient to use the zero-order approximation in
matching the horn and wave guide fields. The re-
flection coefficient at wave guide — horn link ap-
pears to be negligibly small. The wavelength de-
pendence of reflection coefficient K, on the horn

aperture R, was calculated numerically. Thought
the reflected signal is small, K, =3-107> +2-1072,

it can still exceed the signal reflected from a
plasma.

3.2. The Scrape-Off Layer Plasma

Let us assume that in SOL of thickness
L;=0.2m the plasma density varies from
Mgy =10 m™ near the horn to n, =510 m~
at the boundary of a bulk plasma. The magnetic
field in this layer is supposed to be constant and
directed at the angle B =arctg(B,,,,, /B, )) to the
shorter side of a horn. The magnetic field shear

may lead to a conversion of 0- and x-waves. This
effect develops [6] at

ngf =1,

vz - 2]
where N,, N, are the refractive indices of o- and
Xx-waves, O =£, z, being the space scale of the
shear. Then thex effect of the shear is essential at
n, <2510 m™ which is lower than n,. To

determine the phase fronts and the probing signal
amplitude distribution at a boundary of bulk
plasma we shall analyze the field distribution in
SOL. Let us introduce the Cartesian coordinate
system (X’,Y’,Z) so that 0Z|[Vn,, 0X|| B. For o-

wave we have E.>>E,E., for x-wave
e J0E; JE; OJE;

E;>>E.>>E,. Since in SOL a—z’>> !
Maxwell equations yield for the o-wave
(E=E,):

2 2 22 2

E 0 E o°E

il +m—e3E0+ C+e;—2=0, (3)

925 9y o

and for the x-wave (E‘ =Fk, ):

2 2 LD aZE 2 aZE

g f” +m—28' & E +—=+ 1+€—§ £ =0,
0z ¢ € ay g |ox
(C))

2 P

() . ()
where g=l-—F—, g=—tFE_,
o -0 ® (0 -0;)

2
@,

€3 =1——"2‘. The solutions of Egs. (3-4) are ob-
Q)

tained by parabolic approximation [7]. They are
written as (e =o0,¢):

Ey(x,y\2)=

L 172 1
= /—ma(z)[w,a(z)wm(z)] ex;{l -0[ k(,(z)dsz

o 3 ) 7 A,
x [ [ EL€myexpi = UE) el e
oo 2 WZa(Z) \Vl(x(z)

)
Here

O 172

5 —
k”(Z)z—g:; (z), k((z):gliw:l 2
€ c

& (2)
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gk Fo :
w,,)(z)zw—zjk,,(z )dz”, \VZa(z):Idz 1k (2%
0 0

vi)=]

0

8,2 )+ s%(z') dz’
el(2) hel2));

\V2e (Z) =I-kd(;z') ) Ea (E»T\)= E(p (g’n)COSB’
0 e

E (En)=E,En)sinB, E,(En) is given by Eq. ().
At B=0 or n, =0 the integrals (5) can be calculated

analytically. They are expressed in terms of Fresnel
function. At large distances, z >> a,b,w/c , the ex-

pressions (5) turn to known expressions for the far-
zone field of antenna. For vacuum we have
Vi (2) =V (2)=zclw, i.e. z=wy ,,/c. The

effect of plasma can be characterized by the shift of z,
viz, for the X”-axis z changes to z, = @y, (z)/c , and

for the Y’ -axis z transforms into z, = @y, (z)/c. As

shown in Fig. 2 the low density plasma has no effect on
x-wave field distribution in SOL. But for the o-wave in
long wavelength band the SOL effect is noticeable. The
level lines of o-wave amplitude at bulk plasma bound-
ary are plotted in Fig. 3. They are not symmetrical in
poloidal direction. This deviation is caused by low den-
sity plasma. The probing signal amplitude distributions
in SOL were calculated for the o-wave and x-wave. We

have put the density profile to be n, =n,(z/ Ls)z.

The density profile variation weakly influences field
distribution in SOL. As can be seen in Fig. 4, x-wave
amplitude (A =2 mm) does not decrease as 1/z This

confirms the inapplicability of far-zone approximation
for description of the field distribution at bulk plasma
boundary. These calculations make possible to con-
struct starting wave fronts at bulk plasma boundary as
well as to determine the probing signal amplitude dis-
tribution at this fronts, and initial wave vectors.
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Z/Z-1
s \¥ﬂ
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-0.12 [ [ T
20 55 90 125 F, GHz

Fig. 2. Frequency dependences of the parameters
zy lz, zy/z for the o-wave (X ) and x-wave (*). If

plasma affects the field distributions the parameters differ
Jfrom unity
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Fig. 3. O-wave amplitude level lines at bulk plasma
boundary (the abscissa and ordinate axes correspond to
toroidal and poloidal directions, respectively)

P

Fig. 4. The amplitude of x-wave probing signal with F=150 GHz in the scrape-off layer. Z-axis corresponds to radial
direction. (a) X-axis corresponds to toroidal direction and (b) Y-axis corresponds to poloidal direction
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3.3. Bulk Plasma

The propagation of probing signal in a bulk
plasma is described by ray equations [8]:

i_d.xi_a(l)

dk; 0w
U e e | =——
boitdrasak,

e

(6

where 1 is time, v, are the group velocity com-

ponents, k; is the wave vector components,
N;=kclw, x" =(r,9,0) is quasi toroidal coordi-

nate system. While calculating the right hand side
of Eq. (6) we use the dispersion equation written
in local coordinate system with 0X]| B, 0Z|Vn,,

2 2y/2 !
N,=NB/B, N, =(N?*-N2)"? as:

et e e e e e

Both the total phase shift and the ray transition
time are calculated.

3.4. Microwave Probing in Equatorial Plane of
ITER-scale Device

Following the procedure described above we
studied the microwave propagation for mid plane
launch of both o- and x-waves in ITER-scale de-

Y icm
2.5

B

'2.5 T T T T T T
0.07°0.5 1.0°:1:552:0-2:5° 3.0 X, cm

a)

vice and estimated the power reflected back to
receiving antenna. For this purpose we determined
the region S; at bulk plasma boundary in front of
the transmitting antenna where the probing signal
power decreases by 10 % . Further on, we call this
region the “starting spot”. Then we calculated the
wave vector components at the boundary of
starting spot (typically, at 11 points), the ampli-
tude A4; at the spot center and the spot area S;.
Using the ray tracing we found the area of a spot
S, reflected to the torus outside. The attenuation

of a signal that has come to the receiving antenna
4’8 Sy

”A,fds Sy

S

is given by y= , where S, is the horn

area, A, is the probing signal amplitude in the

horn aperture. We note once again that the trans-
mitting antenna is simultaneously a receiving one.
The starting and reflected spots of o-wave are
shown in Fig. 5. One can see that the reflected spot
expands and undergoes some deformation. The
projections of the rays started at the point A onto
poloidal and toroidal torus cross sections are
shown in Fig. 6. Note that the rays started at point
A (or B) have a zero wave vector component in
toroidal (poloidal) direction. Nevertheless, the
rays show a displacement in these directions. This
effect, first indicated in [9], is due to the action of
poloidal magnetic field. However, for the point B

Y, cm

10.0

7.5 P/Po

5.0+
25-?
0.0-
2.5
-5.0

-7.5-

-10.0 , ,
2 1 4
b)

2
15X, cm

Fig. 5. Starting (a) and reflected (b) spots of the o-wave probing signal with F=43 GHz, P/ P, is the ratio of signal
power at a level line to that at the spot center. The figures (a) and (b) have different scales
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Fig. 6. O-wave ray projections onto poloidal (a) and toroidal (b) directions. The rays are originating from point A (see
Fig.5)
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Fig. 7. X-wave ray projections onto poloidal (a, ¢) and toroidal (b, d) directions. (a, b) are the rays originating at point
A, (¢, d) are the ones from point B (similar to Fig. 5)
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it is more difficult to establish analytically the
connection between the displacement and poloidal
field profile than for the point A case. Starting and
reflected spots of the x-wave were calculated too.
The spot size changes in this case still more signifi-
cantly. The poloidal and toroidal projections of
the x-wave rays started from the points A and B,
similar to that of Fig. 5, are shown in Fig. 7. The
effect of spot deformation is similar to that in case
of the o-wave. However, the rays experience the
major effect of poloidal field at the reflection

point. Therefore, the rays reflected in front of
magnetic axis and behind it are reflected in oppo-
site directions. This effect can be employed for
determining the position of the plasma center
(Shafranov shift). Finally, we derive the probing
signal reflection coefficients for both the o- and x-
waves (Fig. 8). The power of detected signal varies
in a wide range with frequency variation. The at-
tenuation of probing signal is significant and have
to be taken into account in ITER-scale reflectome-
ter design.

Y, dB Y, dB
40— 50
/ //
30 40—
20_, 30
; e
10 l T T T 20

T T T
25 . 35% A5 56 65 GSC S IGHY
a)

1300 150 =170 190 _210°F GHz
b)

Fig. 8. Attenuation of probing signal Y vs frequency for the o-wave (a) and x-wave (b)

4. Diagnostic Applications of Dual-Polarization
Microwave Probing

4.1. Arbitrary Density Profile and Shafranov Shift
Reconstruction

Here we offer the method for reconstruction of
arbitrary shaped density profiles and Shafranov
shift determination. The reconstruction of poloi-
dal field in the outer part of a plasma is also pos-
sible.

The method proposed is based on measuring
the phase delays of the o-wave and the x-wave
reflected at the upper cut-off point R, as well as

on obtaining magnetic diagnostics data about
separatrix position (two points in equatorial
plane) and poloidal field values in these points.
The necessary condition for the applicability of
the method is the upper cut-off frequency growth
when R decreases. For ITER-scale device this
condition is well fulfilled for a wide range of
plasma density values (Fig. 1). The x-wave phase
delay is given by

dR+—,
o?(R)+ wf,e (R)- w? 2

(7

=2 [ LR |7

e

where R, is the plasma boundary position at the
outer side of torus. The plasma density and mag-
netic field values at R=R, are assumed to be
known. The procedure of profile reconstruction is

as follows.
1) On a base of the measured o-wave phase

delay we reconstruct n,(R) in the interval from
R, to the point of the first maximum R, .

2) Solving Eq. (7) we find the dependence of
the upper cut-off frequency on the radius, co(R),
and w,(R) at R, +R,, region.
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3) We assume that magnetic axis is shifted from
R, by a distance A(0)=A, and magnetic surfaces
)—exp(@r2 la} )
exp(@)-1  °

where ( is the free parameter. It is supposed that
at (Ry+A, .R,,) region the poloidal field B,(r)

changes linearly from 0 to the value B,,(R,,,) de-

are shifted by A(r)=4, xple

termined from Eq. (7). This assumption is reason-
able because the region considered lies in the
plasma interior where B, << B, .

4) Solving Eq. (7) and using the results of x-
wave phase delay measurements we find o(R) and
n,(R) at (Ry+A, ,R, ). The original algorithm
[10] created to solve Eq. (7) was applied in 2)-4).
As compared to already known algorithms, it al-
lows us to get R(w) more accurately.

5) Regarding the plasma density to be constant
on magnetic surfaces we extend #n,(R) to the in-
terval between Rj+A, and torus inner boundary.

Then we use the data of x-wave phase delay for
the frequency band where cut-off points are at the
inner part of plasma column.

Using these, we minimize the functional:

B, T n,, 10" m”
30+ 100
7S
2.0
- - 50
1.0
25
0.0 0

a)

\{‘(AOaC)=Z[¢(mI\' )— D ((D/;’AOaC)]Z 3

k

over the parameters A, and {. Here ® is the
measured phase delay and &, is that recon-
structed with use of assigned A,, ¢, n,(R). The
most reliable way of finding the minimum of
¥(A,,) is based on using the magnetic diagnos-
tics data. These allows us to connect the parame-
ters { and A, through the B, /B, :

R, =B R

pin‘in Qg
1- =C)).
R +BpinRin ZC( exp( c))

pout **out

B

out = “oul

0=

Then the functional (8) has a pronounced mini-
mum over A,. The reconstructed profiles of arbi-

trary prescribed plasma density and poloidal mag-
netic field in ITER-scale device are shown in
Fig. 9. We studied the stability of this method with
respect to errors of phase delay measurements.
The results are rather optimistic and confirm the
reliability of the information about plasma density
profile, Shafranov shift, and outer part of poloidal
field profile within an acceptable errors level.

Bp ] g, 10"%m>
3.0 T 100
- 75
2.0
] - 50
1.0 i
- 25
0-0 T T T T T T T T 0

40555505600 V70
b)

Fig. 9. Reconstructed profiles of plasma density and poloidal magnetic field in ITER (the magnetic configuration at the
90 s of discharge).Dashed lines — prescribed profiles, solid lines — found profiles. The first and second steps of iterations
are shown. At final step prescribed profiles and found profiles are practically the same

4.2. The X-Wave Interferometry

To date the single-chord interferometry using
the o-wave with the frequency ®>> ®,, is one of

the most widely used operative means to get in-
formation on so-called linear averaged density:

L
ng=Ln= jne (s)ds .,
0

with L being the ray path. This diagnostics is used
on both small and large devices. Its application for
operative diagnostics in fusion devices is compli-
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cated by the difficulties of arranging the diagnostic
equipment on torus inner side. g

In view of this we propose to use x-wave mid-
plane launch for obtaining operative information
on plasma density. As Fig. 1 shows, when passing
from outer to inner side of minor cross-section
w,, increases monotonously and at the inner edge
of a plasma w,, = ®; weakly depends on plasma
density. So, by choosing w=w; and measuring
the phase delay of the beam reflected in the equa-
torial plane:

¢, =2 ]gk_.dr :

—ay

we get information on plasma density. As it is seen
from Fig. 10, the dependence of ¢, on the density

peak value n, is well defined and for the parabolic
density profile gives an insignificant error in calcu-
lating n, with B, (B, =4n(n,T; +neTe)/B,2,(ao),

¢,/ 2n
6000

50001

4500 |

4000 T T T T
50 70 90 110 130 150
3

18
ny, 10 -m

Fig. 10. X-wave phase shift ¢, dependence on the central

plasma density for parabolic density profile:
(*)-B,=046,(+)-B,=061(0)-B,=076

where n; is the ion density, 7;, 7, the ion and
electron temperatures, respectively) varying in a
wide range. What kind of density data can be
obtained on using the x- wave? The plasma den-
sity can be characterized by its peak value n,
and the rate of profile peakedness 7/n,. Re-

turning to one-chord interferometry we note that

it cannot give information about these both pa-
rameters. Therefore, it should be use such a gen-
eralized parameter as 7 =n,(7i/n,). For the x-

wave the phase delay at 77 =const strongly de-
pends on the 77/n, ratio, i. e., on the plasma den-

sity profile (Fig. 11) because n‘,(r) enters the ex-
pression for k_(r) in a rather complicated way in

¢/ 2n

5500

5300+

5100+

4900~

4700+

ASDDSebaee i et s el we ]
DS SR e R T e

Fig. 11. X-wave phase shift ©, vs peakedness of plasma
2y 2
- /
density prafile & i, (r): AN exp(i) exp(&f ag )
exp(t)- 1
A(E) is defined by 7 = const for different & )

distinction of the linear as for the o-wave in
®>>,, case. Besides for flat profiles (72/ny —1),

the ¢, value is additionally effected by the dis-

placement of the cut-off point. Nonetheless the
one-chord interferometry using x-wave provides a
valuable information on plasma density behav-
iour. As shown in Fig. 12, the ¢, level lines are

well described by the expression
ny+k(fi/ng)=C;.

Here C; is constant. Its value depends on meas-

ured phase shift. The k-factor depends on operat-
ing conditions and configuration of particular de-
vice. So, the method proposed enables us to de-
termine the sum of n, and 7/n,. It can be used-

for operative control of plasma density behavior.
Simultaneous use of diagnostics presented and
traditional one-chord interferometry would pro-
vide operative information on the peak density
value and profile peakedness.
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4.3. The X-wave Tomography

The fusion devices design allows us to accom-
modate reflectometry antenna not only in torus
equatorial plane. An additional antenna for trans-
mitting and receiving probing signals can be in-
stalled in poloidal cross section on torus outer side.
In this case the employment of x-wave seems to be
the most promising. The probing signal frequency
should be chosen in upper cut-off frequency band
so that the signals would reflect from the surface
close to the plasma boundary at the torus inner side.
Then the position of reflecting surface changes a
little with variations in the peak density and plasma
density profile. A special choice of antenna tilt an-
gles ensures the reception of probing signal from
each transmitting antenna by two receiving anten-
nas. The probing rays cover a significant part of
minor cross-section. Practically, the rays are
straight lines. The phase delay data along these lines
may serve the basis for determining poloidal de-
pendence of the plasma density.

5. Conclusions

The possibilities and prospects of applying the
reflectometry for fusion plasma diagnostics are
presented. The comprehensive analysis of o- and
x-mode microwave propagation for midplane and
off-midplane outward launch has shown that the
microwaves launched from the realistic antenna at
a midplane of tokamak are reflected backwards to
transmitting antenna. The reflected signal is
strongly attenuated due to finite beam divergence
and long distance from antenna to reflecting lay-
ers. It is shown that midplane dual-polarization
reflectometry can be effectively used for electron
density and poloidal magnetic field reconstruction.
For specific conditions of ITER-scale plasma

(O 0)-w, (0)) the x-mode outward launch allows

to measure the x-mode cut-off layer position along
the whole plasma diameter. For such situation the
reconstruction of 7,(R)- and B(R)-profiles looks

feasible even if o-mode inward launch will be im-
practical. We also have shown that the x-mode
reflectometry channel with the frequency chosen
to reflect at the inward plasma edge (¥ ~220 GHz)
can be used for monitoring the average electron
density whereas the x-mode off-midplane launch
with properly oriented antennas can be used for
taking an additional information on poloidal de-
pendence of a fusion plasma density.
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MukpoBoJiHOBast pedieKTOMETpHs N1a3Mbl B
TePMOSIIEPHBIX JIOBYIIKAX

J. JI. I'pexon

CTaTbsl MOCBALIEHA MCCIIEIOBAHUIO OCOOEHHO-
cTeii MHUKPOBOJIHOBOM [MArHOCTHUKH IUIasMbl B
TepMOsiepHbIX JIOBYIIKaX. [lng 3TOro mocrpoexHa
MojiHas KapTHHA TPOXOXIAEHUS OT AHTEHHbI B
naasMy 3JIeKTPOMATHUTHBIX TOJIEH, MPUMEHSIEMbIX
JUIs MUKPOBOJIHOBOM pedurextomerpun. Mccmeno-
BaHbl OCOOEHHOCTH TMEpPreHAUKYISIPHOTO M Ha-
KJIOHHOT'O 30HAMPOBAHHUs B OOJIbIIMX TOKAMAKaXx C
HEKPYIJbIM cedeHneM. IIpenoxkeH HOBBIH crnocod
30HAMPOBaHMS HEOOBIKHOBEHHOH BOJIHOM, MpH
UCIO/Ib30BAHMH KOTOPOr0 BO3MOXeEH 3(deKTHB-
Hblil OMepaTUBHbIA KOHTPOJIb NIIOTHOCTH MJIA3Mbl.

MikpoxBuiiboBa pedJieKTOMeTpist I1a3Mu B
TEPMOsIAEPHHX NACTKAX

J1. JI. I'pexoB

CTaTTIO MPUCBAYEHO AOCIIKEHHIO 0COOIHBO-
cTeil MIKpPOXBMIbOBOI AiarHOCTHKM [UIa3MH, IO
YTPUMYETHCS B TePMOsAEPHUX nacTkax. s ubo-
ro BiITBOPEHO MOBHY KapTHHY MOLIMPEHHS eJIeK-
TPOMArHITHUX XBHWJIb, 110 3aCTOCOBYIOTbCS JUIs
MiKPOXBMJIbOBOI ~pedIeKTOMETpil, BiJA aHTEHH
Kpi3b riasmy. JJOCHiDKeHO OCOBIMBOCTI MepreH-
JMKYJIAPHOTO Ta MOXMIIOTO 30HyBaHHs y BeJH-
KHX TOKaMakax 3 HEKpy[JIMM nepepizoM. 3anpo-
MOHOBAHO HOBMH c€roci® 30HAYBaHHS He3BMYaM-
HOIO XBWJIEIO, MPH BUKOPMCTAHHI fAKOIrO CTae
MOXJIMBUM €(pEeKTHBHUN OMNEPATUBHMH KOHTPOJIb
LiJILHOCTI TJIa3MHU.
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