REVIEW OF SCIENTIFIC INSTRUMENTS VOLUME 72, NUMBER 1 JANUARY 2001

Electron cyclotron emission imaging diagnostic on TEXTOR
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A 16-channel electron cyclotron emission imaging diagnostic system, developed by UC Davis in
collaboration with the FOM-Instituut voor Plasmafysica Rijnhuizen, has been installed dothe
Experiment for Technology Oriented Researdkamak. The system is designed to collect
multichannel electron temperature profile and fluctuation data along a vertical chord of constant
magnetic field, by collecting second harmoMienode emission. Technical details of the system are
presented together with preliminary experimental data.2@1 American Institute of Physics.
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I. INTRODUCTION have proven to be an extremely useful tool for the study of

, , fine scale structures of, profiles and small amplitude
In magnetized plasmas such as that in tokamaks, ele(b'lasma fluctuation®=7

tron cyclotron em|SS|orﬁECE) arises from the gyro motion In continuation of this diagnostic development research,
of electrons at harmonics of the cyclotron frequen@ye. 5 16-channel ECEI system has been developed and installed
As the magnetic field strength of a tokamak depends on thgy, he Torus Experiment for Technology Oriented Research

major radius of the tokamalR), so does the ECE frequency (tExTOR). It is based largely on the design of the previous
neBR) ne ByR, RTE ECEI system, anq reuses much of it.s opti_cal and elec-

= , (1)  tronics hardware. Details of the system, including the con-
straints leading to the modified optical design, are presented

wheren is the harmonic number s the relativistic factorR in Sec. Il. Preliminary plasma data are presented in Sec. lIl.
is the tokamak major radius, ar8}, is the magnetic field

strength at the magnetic axigt R,) of the tokamak. In

optically thick plasmas, the intensity of the ECE radiation is|; THE TEXTOR ECEI SYSTEM

proportional to the local electron temperatdig

W= NWce=
" “  ymg ymg R

The TEXTOR ECEI imaging optics were designed with
0’To(R) . o
_ LS @) two primary goals. First, it had to reuse as many of the pre-
g mic? vious RTP ECEI lenses and support framework as possible.
] ) ) Second, as was the case on RTP, it had to coexist on the
Thus, information regarding the plasma electron temperaturg;me port as a double-pulse high spatial resolution Thomson
a_nd its ﬂu_ctuanon_s can be obtamgd by measuring the '”terb'cattering(TS) system, so that the ECE| system can be cali-
sity of optically thick ECE harmonics. _ brated forT, profile measurements, and for comparison. Un-
From Eq.(1), it is seen that temperature profiles can bejie the RTP design, in which the two diagnostics had a

obtained by_resolving tr_]e spatially varying ECE frequgancy.Common beam path and were separated via a wire grid po-
Based on this, ECE radiometry has been a standard diagnos-

tic for magnetic fusion plasmas for over 25 yeatdowever,

they are mostly limited to one-dimensional measurements . . Z

along the major radius and generally have limited poloidal ~ Imaging Imaging Focal Plane of
spatial resolution. Array Optics ECE Imaging

Recently, a novel plasma diagnostic, electron cyclotron J \

emission imagindECEI), has been developed and operated
on the Texas Experimental Tokamak Upgra@d&XT-U)

and Rijnhuizen Tokamak Proje¢RTP) tokamaks ™ The
principle of the diagnostic is illustrated in Fig. 1. Instead of a
single receiver horn as in a conventional ECE radiometer,
the ECEI diagnostic utilizes newly developed millimeter
wave imaging arrays as a multichannel receiver. These diag
nostic systems have demonstrated excellent poloidal spatiai
resolution and two-dimensional measurement capability, and FIG. 1. Principle of the ECE imaging diagnostic.
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FIG. 2. Top view of the TEXTOR ECEI system. T S S empistanee ey o o T f

. . L ., _FIG. 4. E-plane focal plane beam patterns of the TEXTOR ECEI system.
larizer, the two systems in TEXTOR must sit side by side P P P Y

and therefore occupy only half of the available window area ) .
(45 cm high, 30 cm wide plasma through the ECEI mixer array to the local oscillator.

Figure 2 shows the top view of the TEXTOR ECEI and This was not _possible in RTP or TEXT-U due to severe
TS diagnostics. The default vertical viewing chord positionSPace constraints. The optical framework that supports the

of the ECEI system(defined by the most frequently em- ECEI optics and electronics is reused with some modifica-
tion.

ployed plasma conditions and resultant local oscillation fre- o )

quency is designed to lie on top of the TS viewing chord.  Similar to the previous TEXT-U and RTP ECEI sys-

This simplifies the calibration of the ECEI system. The im- €M, the channel positions and focal plane beam patterns of
the ECEIl system on TEXTOR were characterized in the

aging lens closest to the window is the largé&t cm verti- ) ) | --
laboratory prior to installation on TEXTOR. Plotted in Fig. 4

cally, 28 cm toroidally, and the maximum thickness 13)cm ) i ]
However, the available window area for ECEI is only 15 cm&'€ theE-plane(vertical direction focal plane patterns mea-
gured at 118 GHz. It is seen that the beam spot sizes vary

wide. To avoid a physical conflict between the TS and ECE _
systems and to avoid making new lenses and new suppofo™ 11 mm on the plasma midplane to about 18 mm for the
frames, the TS system is tilted by 6° in the toroidal directionoutermost channels. The side lobes are primarily due to edge

with respect to the normal of the window, and the center |inediffragtion, anq their gffects on experimental measurements
of the ECEI system is tilted toroidally by 4.4° in the opposite are d|scuss¢d in detail n Ref. 8. Theplane(toroidal Q|rec-
direction. Also, the ECEI system is pulled further back from tion) Spot size is approximately 25 mm. Tieplane inter-

the window. This positions the plasma-facing lens 146 cnf@nnel spacing varies from 15 mm for the middle channels
away from the focal plane of the ECEI system, which coin-{0 20 mm for the outermost channels. Teplane spacing is
cides with the TS viewing chord. This distance is 20 cm32 mm. These parameters are close to that achieved in our
further than that for the RTP ECEI system. Fortunately, wePrévious ECEIl systems.

were able to accommodate the required changes by adjusting ©ther than the changes discussed above, we were able to
the relative positions of the array and various lenses. Keep the electronics for the RTP ECEI system intact. In ad-
The final design is shown in Fig. 3, which provides g dition, the dichroic filter utilized on RTP to filter out 110

side view of the ECEI system. This optical layout is different
from that employed on RTP, as we are now able to place all o
optical components in a single line stretching from the s 'W}
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FIG. 5. ECEI data collected during 110 GHz ECRH heating on TEXTOR
with a toroidal field of 2.05 T. The ECEI system was operated at 114.1 GHz,
and the sample volumes are at O ¢wp tracg, 7.7 cm(middle), and 10.9
FIG. 3. Side view of the TEXTOR ECEI system. cm (bottom above the plasma midplane.
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