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Development of microwave diagnostic simulator
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Two-dimensional simulator models are presented for microwave diagnostics. The models assume
the Maxwell wave equation coupled with the equation of plasma current density in a cold
magnetized plasma, which can describe propagation, reflection, and cross polarization scattering of
the ordinary and extraordinary modes. The effects of waveguide for the microwave launcher and
wall boundary of the vacuum vessel are included in the models. The simulations of ultrashort-pulse
reflectometry with the use of incident subcyclic ordinary modes in the models are performed to test
the problem of density profile reconstruction. 99 American Institute of Physics.
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I. INTRODUCTION 32 19
— E+¢?V(V-E)—c?V?E+ — — J=0, (1
Microwave diagnostics such as reflectométfyand at €o It
cross polarization scatteritigf are recently receiving grow- 14 e
ing attention in magnetic confinement fusion research. In or- f_o pn J= wgeE—@ JX By, 2

der to obtain a better understanding of plasma confinement
physics, more detailed measurements on plasma profiles améherec is the speed of lighty .o = Je?n/mge,) the electron
fluctuations might be required. Recently, Domi¢ral® have  plasma frequency;-e the charge of the electrom, the
proposed a new type of microwave reflectometoplled electron massn the plasma densitye, the permittivity of
ultrashort-pulse reflectometryvith the use of subcyclic mi- vacuum, andB, the external magnetic field. In the derivation
crowave pulses, expected as a near-coming diagnostic. 8f Eg. (2), we assumed that the current density is approxi-
subcyclic pulse can be considered as a set of many mongrated asl= —ernv,, v, being the electron flow velocity, as
chromatic plane waves with different frequencies which havewe consider electromagnetic waves in GHz range. The above
different cutoff densities, therefore the ultrashort-pulse recoupled equation can describe the ordin@®y and extraor-
flectometry has the potential to measure precisely the profiledinary (X) modes. WheiB,=B,z, z being the unit vector in
and fluctuations with respect to plasma density and magnetide z direction, E, denotes the O mode, arg, andE, cor-
field by only a single pulse. The theoretical studies on thigespond to the X mode. We assume conducting walls for the
ultrashort-pulse reflectometry have also been done by Coheracuum vessel and waveguide as the boundary condition of
et al® ! and Hojoet al®*?

In this article, we present two-dimensional simulator
models to investigate microwave diagnostics such as reflec-

tometry and cross polarization scattering in magnetically Vacuum — B,
confined plasmas. Using these models, we perform the simu- Quigoing Quigoing
lations of ultrashort-pulse reflectometry with the use of sub- condition flaama conditon
p y
cyclic ordinary modes, and then test the problem of density Microwaves
profile reconstruction in these models. In the Sec. Il we de- Vacuum Vessel |, _
scribe the simulator modeling, and in Sec. lll we show the T Waveguide
simulation results on ultrashort-pulse reflectometry in these XZ Model -z
models. The summary is presented in Sec. IV.
Vacuum
| Y
1. SIMULATOR MODELING —=x —
In this section, we describe two-dimensional simulator Waveguide
models for microwave diagnostics. Two modélse XZ and ® By
XY modelg shown in Fig. 1 are considered, and both models
roughly image the central cell of the tandem mirror XY Model ~ Vacuum Vessel

GAMMA 10 at the University of Tsukuba. The basic equa- _ _ _ _ _

tions to be solved are the Maxwell wave equation for theFIG. 1. Two-dimensional simulator modeﬂsz and XY). !n te s_lnjulatlons
- . of ultrashort-pulse reflectometry, the uniform magnetic fiBjdis in thez

electric fieldE and the equation for the current densk@s  girection, and the density profile is Gaussian in theirection (XZ model)

follows: and in thex andy directions(XY mode)).
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Eqg. (1), and also assume the boundary condition that thézation scattering between the O and X modes due to mag-

electric field E is outgoing on both sides of the vacuum netic fluctuationg.

vessel in the XZ model. In the present XZ model, the outgo-

@ng _condition for the Wave_electric field is satisf_ied by the | ULTRASHORT-PULSE REFLECTOMETRY

institution of wave absorbing layers on both sides of the

vacuum vessel. In this section, we study ultrashort-pulse reflectometry
As the electromagnetic waves are in the GHz range, anyith use of the O mode pulse’® The electric field of the

fluctuations in MHz or the lower-frequency range can beincident O-mode pulse in a waveguide obeys a wave equa-

treated to be static. If we intend to include such frozen fluction, for example, in the XY model, as follows:

tuations of the plasma density and magnetic field into Eqgs. prs 2 2

(1) and(2), we have only to replace andB, in Egs.(1) and { 2 —+—

(2) by n+é6n and By+ 6B, respectively, whereSn and 6B Xt oy

denote the frozen fluctuations. In this case, we see that thiEhe subcyclic pulse solution of E¢3) for the O mode is

Lorentz force termJX 6B in Eq. (2) drives the cross polar- given by

E.(xy,t)=0. ()

aZz ©
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FIG. 3. The temporal evolution of the electric figfg(t) atx=z=0 inthe  F|G, 5. The temporal evolution of the electric fifg(t) atx=y=0 in the
XZ model. XY model.

E.(X,y,t)=Eq cogky)F(x,t) @ n(x,y)=ny exp{—[(X—X)/LP—[(y—Yo/L]Z in the XY
with A(t)=exd —(t/a)?] (here, the half pulse width is given moglezl, vxir;ere L=10cm, xo=yo=50cm, and ny=2.3
by 7,=2ayIn 2) and xX10=em™. . . .

We now analyze the density profile reconstruction by the
1 9 (x+et measurement of the O modes reflected at the cutoff. Follow-
- - \/ﬁ . . .
Fxb) 2c ot x_ctJO[k (e =(7=x)"JA(m)d7y ing Ref. 9, the time delay(w) for a reflected wave with a

frequencyw observed just in front of the wave guidiee., at
1 [x+et a x=z=0 in the XZ model and at=y=0 in the XY mode
I G AT Y ’

2 )« is given by
where @/dt+calox)F(x,t)=0 is assumed as the initial X 2 ) )
condition att=0. Hereafter, we assume the incident O-mode T(‘»)Zf dX—Zf dX = ———, (6)
’ C 2_ .2
pulse with the pulse widthr,=33 ps andk=m/5cm?, 0 Pg Jo Vo= wpdX)

where the width of waveguide is set to 5 cm. The waveguidevherex, is the reflection point which is determined by the
modes in the XZ model can be obtained in a way similar tocytoff conditionw= w,{X) andv is the group velocity of
Egs.(3) through(5). We also assume the equilibrium density the O mode. From the Abel inversion of E@), we obtain,
profile asn(x) =ng exp{—[(x—Xo)/L]? in the XZ model, and  for the reflection poink, ,

(X102cm=3) (X102cm-3)
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FIG. 4. The reconstructe@olid circleg and the originalsolid line) density FIG. 6. The reconstructedolid circles and the originalsolid line) density
profiles in the XZ model. profiles in the XY model.
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pe cr(w) The simulations of magnetic field reconstruction by us-

xr(wpe)=f do — (7) ing X-mode reflectometry and cross polarization scattering
0 TN Wpe™ @ diagnostics based on these models will be our next task.

Then we can reconstruct the density profile) by measur-

ing the time delayr{w) of the reflected wave with the fre-

quencyw. The time delayr(w) of the reflected wave is com- ACKNOWLEDGMENTS
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