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   Abstract A compact, low cost, multipoint Thomson scattering diagnostic for HT-7
Superconducting Tokamak has been in operation since 1999. Its capability of measuring
electron temperatures is 200ev to 2kev at densities of a few times 1012 cm-3, a spatial
resolution of 2.4cm for 5 spatial points and a temporal resolution of 1ms-1s for 8 time
points. The major components of the diagnostic system consist of 20-25J Nd:glass laser
with 35ns width (8 pulses per burst), KDP doubling unit, spherical mirrors of multipass
input optical system, wide-angle collection objective, bandpass glass filter for reducing
the stray light to zero, f/2.5 polychromator, the fiberglass collimator, the photomultiplier�s
box with electronic preamplifier, high gain and high signal/noise ratio, CAMAC data
acquisition and so on. The multipass optical system has been successful for increasing the
quantity of scattered photons by the probing laser beam passes 10 times through the
investigated plasma. The HT-7 Thomson scattering diagnostic has provided successfully
the information on two dimensional electron temperature in the plasma of HT-7 tokamak
with LHCD and IBW.

1. INTRODUCTION
  Thomson scattering diagnostic has been an important and standard method for measuring
temperature and density profiles on all modern tokamaks, such as the TV Thomson
Scattering system on TFTR[1], the LIDAR system on JET[2] and the Nd:YAG laser
Thomson scattering system on DIII-D[3]. It has the attractive characteristics of not
perturbing the plasma to be investigated and of giving the absolute values of electronic
temperature Te and density ne. From the knowledge of temperature and density and of their
profiles  it is possible to derive such fundamantal parameters as poloidal bata value, the
energy confinement time and the effective ion charge of plasma. This paper describes the
design and performance of the compact, low cost, multipoint Thomson scattering
diagnostic on HT-7 Superconducting Tokamak and also describes the multipass optical
system, which can be useful for measuring temperature and density profiles during low
density discharge on HT-7 tokamak.

2. DESIGN OF HT-7 SCATTERING APPARATUS
  When designing a Thomson scattering system, the principal problems are getting
sufficient signal; suppression of stray light and suppression of plasma light. Increasing the
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laser energy clearly helps the first of these problems and increasing the laser power
reduces the plasma light. The Nd:glass laser for HT-7 tokamak is not directly useful,
because good photocathodes doesn�t yet exist in the spectral region near micron. The
advantage of working at 5300¯ is the sensitive for photocathodes (15%) more than at
6943 ¯ (ruby laser 3%). Reduction of stray light was achieved both by a complicated
baffles system, by using a spectrograph with a high contrast, and especially by using a
laser line rejection filter, so the stray light was suppressed completely to zero. To increase
signal-to-noise ratio and reduce the contribution of plasma radiation, two Q switched was
used inside laser system, to make the width of laser pulse 35ns. The multipass optical
system has been successful for increasing the quantity of scattered photons by the probing
laser beam passes 10 times through the investigated plasma.  Layouts of HT-7 T.S.
diagnostic components is shown in Fig.1

2.1 ND-GLASS LASER SYSTEM
  In the HT-7 T.S. system, the solid state Nd:glass laser is used. Nd-glass laser is consist of
an oscillator and an amplifier. The oscillator consists of a ring resonator and produces very
stable radiation during the burst. A Dove prism with Brester�s angles on both sides is
located inside the resonator. Due to Dove prism the cross-section of the light beam is
rotated inside the resonator along the optical axis of the oscillator to reduce the thermal
stress which are accumulated during the operation of the master oscillator. The Q-switch
is done by an plate of LiF crystal with colored centers. Near diffraction-limited
performance was achieved with a high quality a thermal phosphate Nd-glass rod (GLS-22).
The oscillator is constrained to operate in a TEMoo mode and produces about 50mJ. The
radiation line width is typically less than 0.01¯ and pulse duration is about of 40 nsec. The
oscillator is capable to work with repetition rate 1Hz and in a single shot model. The
model with repetition rate 1Hz is very convenient for alignment or checking operation
system. The laser light amplifier is designed with telescopic resonator with 7 passes of the
beam and can operate in regimes with 1 or 8 pulses in the burst. This thermally stable and
compact design provides the multipulse regime with high output power. A LiF-2 plate
with colored is located inside the telescopic for Q switch and also for protecting the
master oscillator from back-emission. The Laser pulse duration is about of 30-35 nsec.
The high power levers of Nd-glass laser make him well suited for harmonic generation by
passing the beam through nonlinear KDP crystal, which halves the wavelength to 5300¯
and produce the 4-5 joules of green light. The increasing laser power density becomes
more efficient by KDP�s nonlinear process.

2.2 PHOTODETECTOR�S SUBSYSTEM
  The wide-angle collection objective (F=200mm) passes the scattered light to the image
fiberglass dissector. The five vertical fibers work as the input slits of the spectrometer. The
five sets are used for spatial resolution, each set corresponds to an individual spatial point
along the small radius of plasmacolumn. The polychromator is designed as high
luminosity system in Clocktype configuration[4] having a lage value of slit�s height and
f=1/2.5. Fiberglass couples the polychromater output to the photomulti-tubes. The
transmission of the guides is about 0.7-0.8.
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The stray light of second harmonic (5300¯), which has passed through the collection
optic , is reduced by bandpass glass filter. Two pieces of the filters are installed before the
input fiberglass guides. The shap boundary of spectral curve provides the strong
decreasing of stray light (near zero) and high transmission in measured part of the
scattered spectrum(> 90%). The bandpass glass filter allows to measuure the wide region
of electron temperature without loss of the signals. Another special glass filter is used to
cut off of fundamental laser radiation(1.06 ) before input window of the vacuum
chamber. This filter has high damage resistant for high power laser.
The photomultiplier tube (PMT-84) with S-20 photocathode is used for the detection of
scattered light. The quantum efficiency (near =5300¯ ) is 10%-12%. The boxes are
designed to protect PMT from outside light and electromagnetic radiation. To improve the
operation of PMT with very fast impulse, the last dynodes of PMT are protected by the
capacities. The two stagers of amplifiers are coupled with PMT. The gain of preamplifier
is about 50 and the frequency range is about 0.15-35MHz in order to suppress the
radiation from plasma bremsstrahlung and macroscopic instability, which are two main
sources of unwanted radiation that decrease the ratio of signal to noise. A low frequency
limit is about 400KHz in order to pass low frequency signal from tungsten ribbon lamp
with mechanical chopper for calibration unit. The signals from PMT are sent to analyzing
electronic units though the gate in Data Acquisition system.(CAMAC 2250)

2.3 THE CALIBRATION SYSTEM
  In order to evaluate the measured signals quantitatively, the spectral sensitivity of 25
channels and polychromator has to be attained in a preceding calibration measurement
with relatively high wavelength resolution. The light of a stabilized tungsten ribbon lamp
is passed through the polychromator with appropriate resolution. Each individual channel
is measured as a function of wavelength. The light is chopped with the duration about 60-
70 sec, which is produced by mechanical chopper-wheel. The light has to pass through
the polychromator just as the Thomson scattered light. The correct calibration of the
photodetectors and processing system is needed about 1000 accounts.

3. MULTIPASS OPTICAL SYSTEM
  Due to low value of T.S cross-section 225

0
106 cm−×≈σ , so the quantity of scattered

photons are too poor(
0

σ∝N ). In order to increase the scattered signal, it is possible to
pass few times the probing beam through investigated plasma region. Multipass Optics
System (MOS) is used to increase the accuracy of the T.S measurements in tokamak[5]. It
is the first time to be used on HT-7 tokamak.(see Fig.2). The MOS is consist of two
spherical mirrors, which is formed a cavity(the radius of curvature R=1.6m, the mirror
diameter D=5.2cm,R>>D) and the mirrors are installed on a distance 3.2m,allowing to
pass through plasma volume 10 times.

4. MEASUREMENT OF TEMPERATURE PROFILE
 The HT-7 is a superconducting tokamak. It was reconstructed from the original Russian
T-7 tokamak in 1994. The feedback control system to simultancously control plasma
current,density and displacement was developed and put into daily operation since Spring
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in 1998. The HT-7 tokamak has a major radius of R=1.22m, minor radius of a=0.26-
0.28m defined by a full circular limiter. The major research fields on the HT-7 are steady-
state operation, high-performance discharge, the fuelling study, LHCD and ICRF heating.
After good alignment and calibration, the HT-7 Thomson scattering diagnostic has
provided successfully the information on two dimensional electron temperature profiles in
the plasma of HT-7 tokamak with Ohmic, LHCD and IBW heating.(see Fig.3 and Fig. 4)                                
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   Fig. 1  Layouts of HT-7 T.S. diagnostic components

                                                   

     Fig 2. The examples of electron tempreture profile   Fig.4 Te (r,t) by T.S. and ECE during LHCD

          Line 1 with IBW heating; line 2 Ohmic heating only
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