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An HL-2A interferometer is upgraded to a multi-channel interferometer/polarimeter, which includes four chords for the interferometer and four chords for the polarimeter. The far-infrared lasers
(at λ = 432.5 μm and 30 mW power) are used to probe plasmas horizontally in the midplane of
HL-2A. A conventional heterodyne technique is used for the interferometer. Two counter-rotating
circularly polarized waves are used to measure the Faraday rotation effect. A fast-phase comparator
with temporal resolution of 1 μs and phase resolution 0.1◦ is developed. Further, the distortion of
the polarization caused by the beam-splitters and the other optical components is also investigated.
© 2012 American Institute of Physics. [http://dx.doi.org/10.1063/1.4739226]
I. INTRODUCTION

The plasma current density distribution and poloidal
magnetic field profile are very important for the study of
plasma equilibrium, stability, and confinement. In particular,
detailed information about the poloidal magnetic field is required for understanding negative shear and internal transport barriers. To test the feasibility of the Faraday rotation
measurement, one channel of an eight-chord, horizontal-view,
double-path interferometer system was modified to include
a polarimeter.1 However, the rotation grating technique we
used limits time response and measurement accuracy. Recently, a four-chord polarimeter and four-chord interferometer were designed on the basis of the existing eight-channel
interferometer.2 The detection technique is based upon the
method of Kunz et al.3 We use two lasers with different frequencies to realize the Faraday rotation measurement. In this
paper, we introduce the system layout. We also present the
polarization characteristic of the beam splitters and optical
elements and the design of data acquisition and processing
system.
II. BASIC LAYOUT OF THE POLARIMETER

The Faraday rotation effect can be used to obtain the internal magnetic field. The Faraday rotation angle α, is proportional to the product of the density ne and the magnetic field
along a line of sight Bp// ,
 z2
ne (z)Bp// (z)dz.
(1)
α = 2.62 × 10−13 λ2
z1

After the integrated multi-channel line density and Faraday
rotation angle have been measured, an equilibrium reconstruction can be used to obtain the local poloidal magnetic
field and density.4–10
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The HL-2A is a mid-size tokamak (major radius R =
1.65 m, minor radius a = 0.4 m) with a closed divertor. The
plasma cross section is nearly circular. The previously multichannel interferometer was a Michelson-type interferometer
with eight measurement chords and a symmetrical distribution relative to the equatorial plane in the vertical direction.
To obtain the electron density and the Faraday rotation angle
information synchronously, in this paper, we demonstrate an
HL-2A eight-channel interferometer that has been converted
into a four-channel interferometer below the equatorial-plane
and a four-channel polarimeter above the equatorial-plane.
The measurement principle is shown in Fig. 1. The lower
part of the measurement chord was used to measure electron
density and the upper part to measure the Faraday rotation
angle. We used two HCOOH lasers optically pumped by two
separate CO2 lasers with slightly offset frequencies. The two
laser beams were divided into two parts. One part is for the
heterodyne interferometer. The other part is for the polarimeter. In the polarization measurement part, two collinear input
beams were generated by combining two orthogonal, linearly
polarized components. The combined beams were passed
through a quarter-wave plate, generating two counter-rotating,
circularly polarized waves. Then the two counter-rotating, circularly polarized beams passed through the plasma. Because
of the birefringence effect, each of the beams was result in
a phase delay during propagation through the plasma. This
phase difference is related to the Faraday rotation angle,4
which can be directly determined by measuring the mixing
product of the two beams and evaluating the phase difference
with respect to a reference beam.
Figure 2 shows the optical arrangement of the HL-2A
multi-channel interferometer/polarimeter system. To make
full use of the existing optical components, one laser beam,
with its polarization rotated 90◦ by a half wave plate, is combined with a second laser beam at a wire grid Mm1 . The combined beams are passed through two glass waveguide tubes
(0# and 1#) into the interferometer/polarimeter system. Then
using the wire grid Mm2 , the beams are separated into probe
and reference beams. Because the wavelengths of HCN laser
and the HCOOH laser are similar, we set two plane mirrors MN1 and MN2 in front of the grating, and otherwise our
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