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Abstract
On EAST, a 32-channel radiometer system with wider frequency range and better 

spatial resolution has been commissioned in 2012, and a Michelson interferometer 

system from JET was relocated very recently. These systems together with the 

systems we already have, satisfy the requirement of the electron cyclotron emission 

measurements on E A S T  for a wide range of toroidal magnetic field.

I. Introduction
Electron cyclotron emission (ECE) measurements have been widely used in 

magnetically confined plasmas since the 1960s, to provide the temporal evolution of 

local electron temperature [1,2] and information on the electron velocity distribution 

[3,4] with fairly good spatial and temporal resolution. Comprehensive E C E  

diagnostics have been established on E A S T  [5]. T A B L E  1:E C E  diagnostics on E A S T  

lists the E C E  diagnostics on EAST, including what we already have and those will be 

installed soon. The 16-channel radiometer [6,7] has been working since the first pulse 

of EAST, and it could cover half plasma for an optimum toroidal magnetic field. To 

make the E C E  measurement on E A S T  more flexible, a 32-channel radiometer was 

commissioned in 2012. A  20-channel grating polychromator [8,9]，which was 

transferred from PPPL in 2008, has been re-built and tested. Very recently, one of 

JET’s Michelson interferometer systems was relocated to E A S T，and will be utilized 

for the E C E  measurement in a very wide frequency range. The cooperation of these 

systems meets the requirement of E C E  measurement on E A S T  for the toroidal 

magnetic field up to 3.5 T ? and these systems play different role regarding their own 

specifications. Generally, the Michelson interferometer serves as full spectrum 

measurement with absolute intensity calibration. The radiometers are ideal for physics 

study with better spatial and temporal resolution.

TAB]しE 1:E C E  diagnostics on E A S T

Name Frequency range
Resolution

Spectral Temporal

16-channel radiometer 98.5-126 G H z 1 G H z 10 us

32-channel radiometer 104-168 G H z 0.5 G H z 2.5 us

Michelson interferometer 60-1800 G H z 3 G H z 15 ms

Grating polychromator 90-250 G H z 0.5-5 G H z 10 us

This proceeding will focus on the 32-channel radiometer and the Michelson 

interferometer, and they will be introduced in the following sections. Also introduced 

in this proceeding is the in-situ absolute intensity calibration system which is being
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built now.
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Figure 2: (a) Spot size (b) Linearity

In 2012 experimental campaign, this system has been commissioned, and provided 

the Te evolution and profiles. Whereas the Te profiles from cross-calibration with 

other electron temperature diagnostic, indicate that the sensitivity is smaller than

II. 32-channel radiometer
The 32-chamiel radiometer system utilizes an unique receiving optics to minimize the 

Doppler broadening of the emission layer. Shown in Figure 1? E C E  radiation from the 

plasma is firstly focused by the main lens, and then optically separated into four 

beams using a set of 3 beamsplitters. The beamsplitters are made of low loss dielectric 

sheets which have been stretched tight to ensure that the optical qualities of the beams 

are retained upon reflection from the beamsplitters. The position of each lens is 

adjusted to form a beam waist in the vicinity of the E C E  radiation layer for that 

receiver. Then each of the 4 beams is downconverted, and divided into 8 channels.
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Figure 1:Schematic layout of the 32 channel E C E  radiometer 

The system has been characterized m  laboratory in following steps: (i) to check the 

linearity and the frequency response of the IF part, (ii) to align the optics and measure 

the spot size of each receiver，（in) to measure the noise temperature and sensitivity of 

each channel. Figure 2 (a) and (b) are separately the measured spot size and linearity 

characterization for one of the 4 receivers.
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expected values from an in-lab calibration by a factor of around 2. Figure 3 illustrates 

the cross-calibrated and expected Te profiles for a typical ohmic discharge. The 

investigation of the cause is still under way and the system will be modified.
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Figure 3: Cross-calibrated and expected Te profiles for a typical ohmic discharge.

III. Michelson interferometer
The Michelson interferometer was originally designed for E C E  measurement in JET, 

and was relocated to E A S T  recently. The specification of the system is summarized in 

T A B L E  2. It is a high resolution interferometer for infrared Fourier transform 

spectroscopy over the spectral range 60-1800 G H z  with a spectral resolution 

capability of 3 GHz. The spectral range is limited by the spectral response of the 

detector, the sampling interval of the moving mirror position, and the spectrum of the 

calibration source. The spectral resolution is determined by the maximum optical path 

difference (the scan length). Detailed information concerning about this kind of 

system can be found in reference [10].

T A B L E  2: Specification of the Michelson interferometer

Aoerture Scan length Active scan length Scan rate Sampling interval

70 m m 49.5 m m 46 m m 35 Hz 20 u m

Refurbishment and in-lab measurements have been done in JET last year. Figure 4 (a) 

is the linearity performance of the detector and electronics, and Figure 4 (b) illustrates 

the measured spectral resolution (of 〜2.7 G H z  F W H M )  using a monochromatic 

source as input. The system was also tested with hot/cold sources. The in-lab 

measurements demonstrate that the system is still in a good shape.
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(b) Spectral resolution

IV. Calibration
The E C E  measurement systems on E A S T  were relatively calibrated using two 

discharges with different toroidal magnetic field in the past [11].This method is tricky 

and it is difficult to obtain the accuracy of the calibration. To provide reliable and 

independent Te information, an in-situ absolute intensity calibration system is being 

built now. The schematic of the system is shown in Figure 5. The rotatable ellipsoidal 

mirror can be directed to either the plasma or the calibration source. Microwave 

absorber immersing in L N 2 is used as cold source, and heated silicon carbide in 

Pyramid shape acts as the hot source. The chopper and lock-in amplifier are employed 

to pick-up the ultra-weak intensity from the radiometers or the polychromator, and 

they are absent for the calibration of the Michelson interferometer benefitting from its 

high light throughput.

Lock-in Amplifier

しock-in Output to Scope or Digitizer

Figure 5: Schematic layout of the in-situ calibration system
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V. Summary
A  32-channel radiometer system with better resolution and wider frequency range has 

been fabricated and tested in 2012 experimental campaign. One of JET9s Michelson 

interferometer systems was relocated to EAST, to meet the requirement of E C E  

measurement in a very wide frequency range. The refurbishment and in-lab 

measurements of the Michelson interferometer have been done.
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