AI Review of
Scientific Instruments

Electron cyclotron emission diagnostics on the Iarge helical devnce
Y. Nagayama, K. Kawahata, A. England, Y. Ito, N. Bretz et al.

Citation: Rev. Sci. Instrum. 70, 1021 (1999); doi: 10.1063/1.1149292
View online: http://dx.doi.org/10.1063/1.1149292

View Table of Contents: http://rsi.aip.org/resource/1/RSINAK/N70/i1
Published by the American Institute of Physics.

Related Articles

Equilibrium and stability in a heliotron with anisotropic hot particle slowing-down distribution
Phys. Plasmas 19, 102503 (2012)

Perpendicular and tangential angularly resolved multi-sight neutral particle analyzer system in LHD
Rev. Sci. Instrum. 83, 10D920 (2012)

Diagnostics development for quasi-steady-state operation of the Wendelstein 7-X stellarator (invited)
Rev. Sci. Instrum. 83, 10D730 (2012)

Effect of superbanana diffusion on fusion reactivity in stellarators
Phys. Plasmas 19, 082516 (2012)

The internal disruption as hard Magnetohydrodynamic limit of 1/2 sawtooth like activity in large helical device
Phys. Plasmas 19, 082512 (2012)

Additional information on Rev. Sci. Instrum.

Journal Homepage: http://rsi.aip.org

Journal Information: http://rsi.aip.org/about/about_the journal
Top downloads: http://rsi.aip.org/features/most_downloaded
Information for Authors: http://rsi.aip.org/authors

ADVERTISEMENT

ORTEC MAESTRO" V7 MCA Software

For over two decades, MAESTRO has set the standard for Windows-based MCA Emulation.
MAESTRO Version 7.0 advances further:

New! Windows 7 64-Bit Compatibility with Connections Version 8
New! List Mode Data Acquisition for Time Correlated Spectrum Events
New! Improved Peak fit calculations

New! Improved graphics handling for multiple displays

New! Open spectrum files directly from Windows Explorer

New! Improved performance with Job Functions and display updates

: 7 . S )
MAESTRO continues to be the world’s maost popular nuclear MCA software in a broad range of applications! WWW.Dl"tEC'OﬂIIﬂE.Cﬂm

Downloaded 31 Oct 2012 to 194.81.223.66. Redistribution subject to AIP license or copyright; see http://rsi.aip.org/about/rights_and_permissions


http://rsi.aip.org?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L23/283477008/x01/AIP/AmetekOrtec_RSICovAd_1640x440banner_10_10_2012/ORTEC_RSI_web_ad.jpg/7744715775302b784f4d774142526b39?x
http://rsi.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Y. Nagayama&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://rsi.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=K. Kawahata&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://rsi.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=A. England&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://rsi.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Y. Ito&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://rsi.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=N. Bretz&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://rsi.aip.org?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.1149292?ver=pdfcov
http://rsi.aip.org/resource/1/RSINAK/v70/i1?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4757635?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4742925?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4733531?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4748138?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4747534?ver=pdfcov
http://rsi.aip.org?ver=pdfcov
http://rsi.aip.org/about/about_the_journal?ver=pdfcov
http://rsi.aip.org/features/most_downloaded?ver=pdfcov
http://rsi.aip.org/authors?ver=pdfcov

REVIEW OF SCIENTIFIC INSTRUMENTS VOLUME 70, NUMBER 1 JANUARY 1999

Electron cyclotron emission diagnostics on the large helical device

Y. Nagayama, K. Kawahata, A. England, and Y. Ito
National Institute for Fusion Science, Toki-city 509-5292, Japan

N. Bretz, M. McCarthy, and G. Taylor
Plasma Physics Laboratory, Princeton University, Princeton, New Jersey 08543

J. Doane and H. Ikezi
General Atomics, San Diego, California 92186-9784

T. Edlington and J. Tomas
UKAEA Culham Laboratory, Abingdon OX14 3DB, United Kingdom

(Presented on 10 June 1998

The electron cyclotron emissiaECE) diagnostic system is installed on the large helical device
(LHD). The system includes the following instruments: a heterodyne radiometer, a Michelson
spectrometer, and a grating polychromator. A 63.5 mm corrugated waveguide system is fully
utilized. Large collection optics and notch filters at the frequency of the LHD electron cyclotron
heating(ECH) were developed for this system. In addition to these filters, the rectangular waveguide
notch filters, the ECE measurement with the radiometer has been successfully performed during the
ECH. © 1999 American Institute of Physid$S0034-67489)56001-2

This article will present details of the electron cyclotron NFy NF, QW
emission (ECE) diagnostics on the large helical device
(LHD). The ECE measurement has a unique capability for
continuously measuring the time evolution of electron tem-
perature profile. Since contours of electron temperature pro-
file represent flux surfaces, ECE has been utilized to study
the magnetohydrodynami@MHD) instabilities® The LHD =
confines anim=2/n=10 helical plasma with dimensions of
R=3.75m,a=0.5m, ando=0.95 m in a helical field up to PR
3 T, which is generated by super conducting coils. Hare,

| Radiometer I

WR12

andn are the poloidal and the toroidal mode number of the
helical plasma, respectivelR is the major radius, and and <  Michelson
b are the vertical and the horizontal minor radii at the ECE B2 N
port section, respectively. A major objective of the LHD MS Motor
project is to confine a high density and high temperature v |
plasma in steady state, so ECE measurements will be used to i
study MHD instabilities in high pressure LHD plasmas. Lc =

In terms of ECE diagnostics, helical plasmas are quite Filter

different from tokamak$.In LHD, the magnetic field profile

has a peak @&=3.5 m, so that only the outer half of plasma
can be measured using the outer ECE antenna. The angle of
the magnetic field from the toroidal direction varies from

—30° to +30°. TheX mode is measured with a Michelson

spectrometer and a 14-channel grating polychrom@&@e0, SW

and theO mode is measured with a 32-channel heterodyne

radiometer. The ECE system on LHD is based on the expe-

rience of the ECE measurement at the National Institute foFIG. 1. Schematic diagram of the ECE diagnostic system in LHD. Each
Fusion SciencgNIFS).2 In the first plasma experiment in ggnggggtsisarceo’;gegﬁgwtg_ %”VS r::“sf;"“ugef‘ridw‘;‘ﬁ"oe\fv’_“_ﬁg'esé’:go's of
LHD, discharges are generated by electro_n CyCIOtro_n he_at'ngotcﬁ filter; NR: 84 GHz notch filter; KA: ai?actuator to rot';te mirror; CS:
(ECH) at 82.6, 84, and 168 GHz at a maximum helical field calibration radiation source; PR: polarization rotator; BS: beam splitter;
of 1.5 T, so the ECE diagnostics need to be protected fromiRy: transition from corrugated waveguide to WR12 rectangular wave-
any ECH power Ieakage. guide; TR: transition from corrugated waveguide to WR28 rectangular

. - . ., waveguide; MS: Moire position sensor; LPF248 GHz low-pass filter;
Figure 1 shows a schematic dlagram of the ECE dlagLPF2: 168 GHz low-pass filter; G: grating; SW: short rectangular wave-

nO_StiC sys_tem in LHD-_The ECE radiz_ition is _CO"eCte(_j by aguide. Parameters of GPC are as folloves=108.1 cm, b=87 cm, ¢
pair of mirrors on a side port and directed into a circular=75cm,d=70.5 cm,a=32°, 3=34.5°, y=38°, and6=9.9°.

0034-6748/99/70(1)/1021/4/$15.00 1021 © 1999 American Institute of Physics
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waveguide with the inner diameter of 63.5 mm. The inside of g 7 T
this waveguide has rectangular grooves with a depth of 0.43

mm, a width of 0.46 mm, and a period of 0.66 mm. It is 1
designed to transfer the microwave from 50 to 220 GHz.
The length of corrugated waveguide, which transfers the
ECE from LHD to the spectrometer passing through two 2 m
thick walls, is 80 m. There is an ECE signal loss of less than
3 dB due to this transfer.

The ECE collection optics, a schematic view of which is
shown in Fig. 1, are designed to gather radiation with a ver- 10°
tical resolution on the midplane of at least 10 cm. On the
antenna, a large ellipsoidal concave mirror collects the ECE ol e L by L
and a small parabolic convex mirror injects the ECE into the 76 78 80 82 84
corrugated waveguide. The ellipsoidal mirror is made of FREQUENCY [GHz]
oxygen-free high conductivity copp€OFHC) with dimen-
sions of approximately 40 cm60 cmx5 cm. It is 3 m apart
from the plasma center. The focal lengths of the ellipsoidaECH gyrotron is 200 kW and the antenna of the 82.6 GHz
mirror are 236 and 45.2 cm. The parabolic mirror is made ofECH is close to the ECE antenna. The ECH power leaked at
OFHC with dimensions of approximately 82.6 GHz is a few mW at the input of the radio-
15 cmx22.5 cmx3 cm. The focal length of the parabolic meter, which is still too high. It may require rejection of 20
mirror is 14.2 cm. The error of the curvature of the mirror's dB more at the ECH frequencies.
surface is 7Qum. Two mirrors are separated by 32 cm. In the first phase of the LHD experiments, which are at a

The main mirror has a stainless steel back panel, whiclhelical field 1.5 T at the plasma center, a universal polariza-
will be cooled by water in order to work under the steadytion rotator is set in front of the beam splitter in order to
state operation with high powgl0 MW) heating. It is ro- select X-mode polarization at the input to the heterodyne
tatable with an air actuator in order to look at either a cali-radiometer. It consists of a standard 90° miter bend between
bration source or the plasma. This method is similar to onewo 135° miter bends. This device rotates the polarization of
used earlier on the Tokamak Fusion Test Reatt®fTR).> linearly polarized incident power by two times the angle be-
The bearing of the main mirror is a critical part, because itween plane of these miter bends and the incident electric
supports the heavy mirror in high vacuum. The thrust bearfield.
ing is a pair of thin TiC coated stainless steel sheets. The The ECE is divided to the radiometer by the use of the
radial bearing is the Vespgbolyamide tube. These bearings wire grid beam splitters. The ECE power is transduced from
work well in high vacuum. a corrugated waveguide to a WR12 rectangular waveguide

The ECE system on LHD uses a douldegut, crystal  with a transition. The transition consists of a miter bend with
qguartz vacuum window, mounted in Conflat style flangesa concave mirror, a circular horn, and rectangular tapers.
with a diameter of 17 cm. Each window has a clear apertur@his works well over the entire band from 50 to 100 GHz. In
diameter of 9.85 cm and the wedge angle of 2.5°. Theserder to cover the 100-180 GHz band, the combination of
windows are set with an offset of 1.25° so that no two win-the circular horn and the rectangular taper is replaced. The
dow surfaces are parallel to each other. The transmission @afansmission of this transition is slightly better than a simple
the ECE window is expected to be 64%. taper.

An 84 GHz notch filter and an 82.6 GHz notch filter are Figure 3 shows a schematic diagram of the heterodyne
installed behind a short waveguide at the front end of theadiometer. In the radiometer, the ECE is filtered by a 70
corrugated waveguide. Each notch filter is an interferenc&Hz high-pass filter, and is mixed with the output of the 70
filter made of 200 sheets of 2&m thick polypropylene filnf.  GHz Gunn oscillator. The ECE from 71 to 87 GHz is divided
The spacers between films are sliced pieces of the corrugatéy a 16-channel bandpass-filter bank with a channel band-
waveguide so that the insertion loss is minimized. Thesevidth of 1 GHz. The ECE from 53 to 69 GHz is also divided
notch filters are effective at their higher harmonics so thaby a 16-channel filter bank. The radiometer data are sampled
radiation at 168 GHz can also be eliminated by the 84 GHzvery 2us by 12 bits/word CAMAC digitizergAurora 14
filter. The rejected frequency is reflected by the notch filterwith 500 kwords memory. The CAMAC modules are con-
Figure 2 shows the transmission of the combination of arolled by a personal computer with a Pentium processor and
short waveguide, the 82.6 and the 84 GHz notch filters. Fothe Windows NT operating system. The CAMAC control
this measurement, the 10 mW continuous wése) micro-  software was written using the C language and PV-Wave.
wave from a backward oscillatdaBWO) is expanded by a The trigger timing and the sampling clock are generated
taper from a WR10 rectangular waveguide to a 63.5 mnfrom the 10 MHz clock signal from the LHD VME computer
circular waveguide, and the microwave passing through theystem.
notch filters is detected by a power sensor. The transmission Notch filters in the rectangular waveguide in front of the
is the ratio of power with/without notch filters. The transmis- radiometer attenuate by 40 dB at 82.6 and 84 GHz with a full
sion loss is more than 30 dB and the full width of the trans-width of ~0.5 GHz. Using these two filters plus the two
mission loss of each filter is-1 GHz. The power of each notch filters in the circular guide to reduce the ECH leakage
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FIG. 2. Transmission of the combination of 82.6 and 84 GHz notch filters.
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GHz serious noise source. Figure 4 shows the schematic view of

the support structure of the Michelson spectrometer. The an-
tivibration structure is as follows: the Michelson spectrom-
FIG. 3. Schematic diagram of the heterodyne radiometer. P/D: power dieter is set on an aluminum alloy structure hanging a 1000 kg
vider; BPR: 53-69 GHz band pass filter; BRF71-87 GHz band pass |ead weight; this is floated on four air springs with the reso-
filter; NF: 84 GHz notch filter; CS: circulator; LO: 70 GHz Gunn oscillator. nance frequency of 5 Hz. Since the center of mass of the
upper structure is lower than the air spring and the air spring
is made of a flat shaped thick rubber balloon, this floating
power, it is possible to measure the ECE signal with thestructure is very stable. The detector table is also floated on
radiometer during the ECH pulse. However, the signal doefour small air springs. The noise sound level decreases sig-
not represent the electron temperature, since the first ECHificantly. In spite of the large attenuation from the notch
plasmas in LHD are optically thin. filters, there is still a large ECH signal from the plasma
A fast scanning Michelson spectromeleoperating in ~ which renders it impossible to make measurements with the
the Martin—Puplett mode, is in use on LHD. The detector isMichelson during the ECH phase of the discharge. However,
a hot-electron InSb bolometer cooled to liquid helium after the ECH terminates, a clear ECE signal has been ob-
temperaturé® The position of the mirror is monitored by a served. Small noise of the vibration frequency still remained.
moire sensor. Every 4@m, the sensor produces a pulse to A schematic view of grating polychrometé6PQO! is
sample the data. The data from the detector are sampled lshown in Fig. 1. The GPC is optimized as the electric field
Aurora 14 digitizers in the CAMAC crate, which is con- polarization of the input microwave is horizontal. In order to
trolled by the Windows NT personal computer. A rooftop suppress the higher harmonics, a 248 GHz low-pass filter
mirror in the interferometer is driven by a three-phase syn{LPF;) and a 168 GHz low-pass filter (LR)}Fare installed in
chronous motor with the variable frequency power supplyfront of the GPC. These filters consist of diffraction gratings
The active scan length is 4.6 cm and the frequency resolutiomounted in place of flat mirrors on standard miter bends. The
is ~4 GHz. Each scan produces an interferogram which is taransition (TR) consists of a circular to WR284 rectangular
be Fourier transformed to produce a spectrum of the ECHEransition and a rectangular taper. The input slit size is
signal from approximately 60 to 600 GHz. The scanningl.2 cmx3.485cm. A collimation mirror (M) is a square
frequency, which is 20 Hz in LHD experiments, is control- shaped spherical mirror with a radius of 225 cm and dimen-
lable up to 35 Hz with a CAMAC controlled power supply. sions of 30 cnx30 cm. The distance from the input slit to
The three-phase ac power is simulated by alternately choghe collimation mirror is 108.1 cm. In order to reduce the
ping the positive and negative part @ 4 kHz square wave stray light, two small mirrors and a screen with aperture are
with silicon-controlled rectifier§SCRS gated at 20 Hz. This set behind the input slit. The grating, which is replaceable,
square wave produces a great deal of electromagnetic intelnas a size of 30 cx30 cm and groovings of 5 mm for the
ference(EMI). Removing all ground connection and attach-1.5 T operation. The grating is connected to the grating drive
ing three (26 mH)—C(0.06 uF) low-pass filters on the out- screw via a cosecant bar which rotates the grating so that the
put of the motor driver and a 100 kHz active low-pass filtercounter on the driving screw indicates wave numbers. The
on the output of the detector, the EMI is reduced signifi-imaging mirror (M) is a rectangular shaped spherical mirror
cantly, but further reduction is needed, and the best methodith a radius of 150 cm and dimensions of 6080 cm.
for doing this is under investigation. The focal plane of Mis divided with 14 E-band waveguides.
The vibration of the Michelson spectrometer may be aEach waveguide has a cross section of X&tm. The
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ECE is detected by a 14-channel InSb hot electron bolometer(1993; Y. Nagayama, Rev. Sci. InstrurB5, 3415(1994; Y. Nagayama
array, which is cooled by liquid helium. et al, Nucl. Fusion36, 521(1996); Y. Nagayameet al,, Phys. Plasma3,
In conclusion, the ECE diagnostics system has been in- 1647(1996; Y. Nagayameet al, ibid. 3, 2631(1996.
. : : 2G. L. Bell et al, Rev. Sci. Instrum59, 1614(1988.
stalled in LHD. Using a corrugated waveguide system, the, ' '
loss of ECE is small. The radiometer works well due to < Kawahataet al. Jpn. J. Appl. Phys., Part2l, 1633(1982; K. Kawa-
. . ; . . hata et al, ibid. 27, 2349 (1988; K. Kawahataet al, ibid. 29, 1824
notch filters during ECH. In the first LHD experiment, how- (1990.
ever, ECH plasmas are so thin that the ECE does not repre+j | . poane, Infrared Millimeter Wavet3, 123 (1985: J. L. Doane and
sent the electron temperature. C. P. Moeller, Int. J. Electroriz7, 489 (1994).
The optical depth and the absorption constant are calcu2F. J. Staufferet al, Rev. Sci. Instrum59, 2139(1988.
lated using J. B. Wilgen’$ORNL) code. The authors would °H- Ikezi (to be publishel
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