A near infrared, high-power gas laser: the iodine laser *
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The iodine laser has all the main features required to carry out light-matter interaction
experiments, chiefly those aimed at demonstrating inertial confinement fusion.

Pulse durations from 0.1 to 100 ns can be generated. Energy can easily be stored,
up to several J/1 and extracted from amplifiers with efficiency ranging from 25 to 509,
depending on pulse duration, yielding beam flux densities 2 to 5 J/cm?, well within the
capabilities of present day dielectric coating damage thresholds. Moreover a clear un-
derstanding of the physics allows one to predict beam amplification characteristics through
a large system.

As a gas laser, the iodine beam quality can be maintained at a high level during pro-
pagation through an amplifying laser chain: beams at 3 times the diffraction limit have
been demonstrated at the 1 TW level.

The most widely used way of pumping the laser is by U. V. induced photolysis of per-
fluoroalkyl molecules (CF,I, C;F,I), the U.V. light being produced by flashlamps.
By-products of the reactions, some of them being quenching agents for the upper laser
level atoms, can be eliminated between firings in traps included in a closed loop gas
circuit.

Two unique features grant the iodine laser a great deal of flexibility: first, the cross
section for stimulated emission can be ajusted very simply through collision broadening
by addition of a buffer gas (Ar, SFg). This allows one to adjust the small signal gain and
the saturation parameters. Second, the stored energy as well as its spatial variation can
be adjusted via partial pressure of the perfluoroalkyl.

Recent developments at C. G. E. have shown that very large diameter amplifiers
can be envisioned. When using a classical pumping geometry, where the pump energy
is provided at the periphery of the active medium the stored energy decreases as the diameter
increases. A new type of amplifier, which does not have that limitation has been built
for which the U. V. flashlamps are inside the active medium, installed in three separate
layers about 10 cm apart and parallel to the optical axis. The clear aperture is 38 cm
in diameter for 170 cm active length. The stored energy is at least 4 J/1 with a 0.6 %, elec-
trical efficiency. The optical quality of the amplified beam has been checked out by
optically coupling this amplifier to an experimental laser chain delivering 20 J in a 1 ns
pulse. '

Since laser action occurs at 1.815 wm, the iodine laser wavelength is reasonably well-
suited to target experiments. Being close to that of Nd-glass laser, its wavelength allows
one to make use of all the electro-optical hardware developed for glass laser. Existing te-
chnology is able to support the design and fabrication of multi-kJ systems.

* Work supported by Commissariat a2 I’Energie Atomique.
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