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Development of the SMM Laser for the Scattering
Experiment of the Fusion Plasma I

Evaluation of the TEA CO,-SMM Laser System
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and Masanori AKAZAKI
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Abstract

Requirements for a TEA CO, laser-pumped submillimeter (SMM) laser system, for
the collective scattering measurement of a Tokamak ion temperature, is discussed. As
a result, specifications for the SMM laser are found as follows. Required power is in
excess of 5 MW, which is mainly limited by the SN ratio against the cyclotron radia-
tion, with the spectral width of less than 50 MHz and the pulse duration of more than
200 ns. In order to develop such a SMM laser, the TEA CO, laser has to have a power
in excess of 1 GW and operate on a single mode with some tunability. Additionally,
the system should be compact to be acceptable as a diagnostic tool. Subsequently, it
is shown, based on a rate-equation model, that a TEA CO, laser, injection-locked by a
single-moded TEA CO, laser, has the above requirements. It is further argued that it
would be impossible to lengthen the SMM laser pulse duration beyond 500 ns at a high
pump level, due to the complete excitation of the lower vibrational state.
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Fig. 3 Spectral distribution of the
cyclotron radiation.
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Fig. 4 The dependence of the SN ratio
and the accuracy of measurements
on the SMM laser pulse duration.
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Fig. 5 Output pulse duration of the SMM
laser as a function of the pump
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pump power intensity.
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Table 1 Specifications for the SMM

laser.
Wavelength 0.1-0. 4 mm
Line-width <50 MHz
Output power > 5 MW
Pulse duration >200 ns
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(i) Amplified Spontaneous Emission (ASE)

(ii) Oscillator-Amplifier System (QAS)

(iii) - Stimulated Raman Laser (SRL)
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Table 2 Development of the TEA CO, laser-pumped SMM laser.
System arrangement ASE ’ OAS SRL
Molecules CH,F D,0 | CH,F D,0 D,0
Pump CO, laser
wavelength (zm) P(20) 9.55 R(22) 9.26 | P(20) 9.55 R(22) 9.26 | R (22) 9.26
pump power (MW) 200 150 200 200 400
spectral purity Multi-mode Multi-mode Single mode
SMM laser
wavelength (mm) 0. 496 0. 385 0. 496 0. 385 0. 385
power (MW) 1 10 0.6 0.2 0.8
spectral width (MHz) 600 400 30(+ASE) 70(+ASE) 30
pulse duration (ns) 40 60 40 65 100
pulse shape irregular irregular modulated
Ref. s 16) an (18) )
Table 2 ¢, zhETHREI N/ LE 3 FRTOHEE Table 3 Specifications for the TEA
Wb h & &b CO, laser.
Table 2 o bz kdic, —fEic, SMM L —+ Output Power ~GW
i, FBBAKEL ASE S22 W L, BIBEARTR Line-width ~30 MHz
Tunability +1.5GHz
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Fig. 8 Typical result of the computer
solution. The monochromatic ra-
diation is injected at the frequency
of 1.5 GHz away from the center
of the gain curve.

Table 4 Numerical constants used in
the rate-equation analysis.

Pcoz 0.4 atm t 200 ns
P 0.2atm t; 10 ns
Pre 0.4atm Ta0 5X 166 s-1
f 7% Toa 1.5X105 s-1
4y 4.5GHz Toe 2.9%108 st
A 0.3s"! Tca 5.3 106 g1
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TEA CO, laser system with the
scheme of injection locking.
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