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Selective relaxation of metastable states of alkali-earth metals has been effected in a hot-discharge
plasma. This has made it possible to realize for the first time stationary lasing on transitions from
resonant to metastable levels.

Transitions from resonant to metastable levels of comes to realization of such lasers is how to ensure a
metallic atoms promise to make stationary gas lasers high relaxation rate of the metastable states in a hot-
in the visible and near infrared, with high energy pa- discharge plasma, Several methods of increasing the re-
rameters feasible. "'’ The problem encountered when it laxation rates were recently proposed and based on in-
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troducing impurities, but none were realized in prac-
tice. '*¥) We report here significant progress in this
direction.

Experiments with cyclic gas lasers show that to en-
sure stationary inversion the relaxation rate of the
metastable levels must be increased by not less than
1-2 orders of magnitude. *+*! In stationary discharges,
without gas flow, the thermal processes limit the active-
medium working pressures to values on the order of
P <50 Torr. The probability of spontaneous transitions
from resonant to metastable levels is A = 10° sec™, 4!
In most metal atoms, the metastable levels are singlet,
and the defect of the binding energy between them and
the ground states is 1—2 eV. It is therefore clear that
the required relaxation rates can be realized by de-
excitation of the metastables with the aid of selective
and resonant processes that have cross sections not

less than 107° ¢m?.

Such cross sections are possessed by energy-transfer
processes in collisions between atoms and molecules. '*!
Among the large number of processes participating in
the quenching of excited states of atoms by molecular
impurities, for example resonant transfer of electron
energy of the atoms to vibrational-rotational levels of
molecules, dissociation, etc., the most selective and
effective are processes accompanied by chemical re-
action. '*"1 For metal-vapor lasers, greatest interest
attaches to reactions of the type

M +H,2(MB) ,, +H (1)

between atoms in the metastable state (M) and hydrogen
molecules. The rate constants of such reactions exceed
2x10'® cm®/mole-sec, ! the cross sections exceed 107°
cm?, 181 selectivity is guaranteed by the requirement that
the energy be exactly balanced, and the thermal dis-
sociation of the reaction products ensures recirculation
of the initial components.

Calculation of the energy defects of reaction (1) for

a number of metals in which lasing on transitions from
resonant to metastable levels is possible, has shown
that the energy resonance condition is satisfied for Ca,
Sr, Mn, and Cu.

Stationary lasing was achieved in Ca +H, and Sr + H,
mixtures on transitions from the resonant *P] to the
metastable 1D, levels of calcium and strontium atoms
at wavelengths A=5.54 ¢ and A=6.45 L, respectively.
The discharge was excited in the indicated mixtures in
tubes of 0.7 cm diameter and =30 cm, equipped with
Brewster windows of BaF,. The resonator consisted of
a gold mirror (R=2 m) and a flat germanium mirror,
The latter was used for extraction of the radiation. Las-
ing was observed at P¢, ¢ = 10 Torr and Py, =0.1-5
Torr at a tube-wall temperature ~600°C.

The Ca +H, mixture laser had a power 0.1 W and an
efficiency 0.07%. At the present time this is the most
powerful stationary gas laser operating on atomic
transitions, in spite of the fact that the energy param-
eters obtained in our experiments appear to be far from
optimal.
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