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The phenomenon of optical pumping (sometimes called optical orientation)
of atoms is well known and consists in the general case of producing a non-
equilibrium distribution of the atoms over the sublevels of the ground state
[1 - 3]1. We report here an attempt to observe an analogous phenomenon in
vapors of diatomic molecules (see also [4, 51).

1. In the first experiment we observed the kinetics of saturation of ab-
sorption of the radiation of a ruby laser operating in the spike generation
regime with an off-duty ratio of about 10 and a total pulse duration 700 usec,

saturated by vapor of molecular rubidium Rb, (transitions lzg - 1IIu and

lzg - 1Zu). A pulse of laser radiation passing through the Rb: vapor, with a

leading front duration not exceeding 20 usec, was registered on the screen of
a long-persistence oscilloscope (S1-29). At an incident laser pulse intensity
Io on the order of 10 W/cm? and a Rba vapor pressure of about 0.1 mm Hg, we
observed a stretching of the leading front of the envelope of the pulse passing
through the vapor, up to 100 - 200 usec (Fig. 1). There was no such stretch-~
ing at lower (Io << 10 W/cm?) and higher intensities (I, >> 10 W/cm?).

2. In the second experiment we photographed the Rb, absorption spectrum
both during the time of the laser pulse (with approximately the same param-
eters) and after its termination. The trial radiation source employed was an
ISK-25 lamp with flash duration 20 usec. In this experiment, the optical den-
sity at the ruby-laser emission frequency was ~6. The following was estab-
lished:

a) Under the influence of the laser radiation, a decrease of absorption
takes place uniformly over the entire IZg - 1l'[u band. The time of action of

the laser radiation necessary for complete bleaching of the vapor in the en-
tire absorption band is ~100 usec and does not d§pend on the intensity I, if
the latter exceeds a definite level (10% W/cm2)!/.

b) After the termination of the laser
1 pulse, the absorption is uniformly reestab-
lished in both red bands with a time constant
w2 x 1072 sec. Figure 2 shows the dependence
of the absorption coefficient of Rb, on the
time after the termlination of the laser pulse,
measured at the laser-emission wavelength.

e
: We propose that the most probable mecha-

) b nism of the observed phenomena is the dis-
socliation of the Rb2 molecules into Rb atoms
under the influence of the laser radiation,
followed by a slow (~10~2 sec) restoration of

[ S 1 the Rbz molecules. From an analysis of the ab-
20 usec t sorption and fluorescence spectra of Rb, under
— the influence of ruby-laser radiation 1t fol-

lows that the absorption of the laser radia-
tion gives rise to transitions from the vibra-

Fig. 1. a - Incident tional levels v" = 5 - 10 of the ground '%
radiation pulse, b - g

pulse of radiation ——————7———
transmitted through !)Complete bleaching of the vapor was ob-

Rb, vapor. served also in the lzg - lzu band.
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state to the vibrational levels v' = 2 - 7
of the excited 1Hu state [6]. Direct transi-

tions from the levels v" = 0 - 4, correspond-
ing to the maximum of the absorption band,

do not take place, since the ruby-laser
emission frequency is lower than the fre-
quency of the 4 - 0 transition in the 1Zg -

1IIu band. The stretching of the leading

front of the envelope of the pulse passing
through the vapor, observed under these con-
ditions, i1s evidence of depletion of a num- Ll S W )
ber of levels of the ground state (forma- 6 2 ¢ 5 1 w2 N "' "
tion of a non-equilibrium population) and »msec
subsequent relaxation to these levels of Fig. 2

the molecules from all other vibrational

states. The uniform saturation of the ab- °

sorption noted in the second experiment, in the band 6600 - T400 A within a
time ~100 usec, indicates that the thermalization of the distribution of the
populations over the rotational-vibrational sublevels of the ground state oc-
curs under our conditions within a time ~100 usec.

3. To determine the factor governing the time of total bleaching of the
Rb2 vapor, we attempted to investigate the kinetics of the saturation of the
absorption of Rb2 under the influence of a gilant ruby-laser pulse. To this
end a cell with rubidium vapor was illuminated simultaneously by radiation of
a giant pulse of one laser and the radiation of another ruby laser operating
in the spike-generation regime. The radiation intensity of the spike laser
was attenuated to a level corresponding to its linear absorption. The width
of the radiation spectrum of both lasers and their frequency mismatch did not
exceed 0.03 cm™!. That such a degree of agreement between the frequencies of
the two lasers is sufficient was confirmed by the decreased absorption of the
beam of the spiked laser during the time of action of the giant pulse. Under
these conditions, no residual bleaching of the molecular rubidium was ob-
served for the time intervals larger than 3 x 10”7 sec after the action of the
giant pulse. It follows therefore that the population of the rotational-vi-
brational level depleted by the radiation of the giant pulse occurs within a
time shorter than 3 X 10~7 sec at the employed molecular vapor pressure (the
pressure of the atomic vapor under these conditions was 710 mm Hg). T2 pre-
sence of such a fast relaxation in the ground state suggests that the time of
complete bleaching of the Rb, vapor (~10~" sec) is determined by the time of
dissociation of the Rb: molecules from the excited 1I'Iu state.

Molecular vapors were used by us for simultaneous passive Q switching and
decreasing the frequency instability of the ruby and neodymium laser radia-
tions, to values less than 10® Hz [7, 8]. It was already noted in [8] that
generation of a series of weak neodymium-laser pulses 1s connected with the
presence of residual bleaching of the Cs, vapor.

We believe that further investigation of the observed phenomena will
clarify their mechanism and determine the constants of the molecular dissocia-
tion and recombination, and also of the rate of molecular relaxation in the
ground and excited states. By using the radio-optical spectroscopy methods
for the observation of non-equilibrium distributions of the molecules over the
sublevels of the ground and excited electronic states (vibrational, rotational,
Zeeman, and Stark), optically-pumped molecular vapor can be used to measure
the frequencies of molecular transitions, and also the constants of the Zeeman
and Stark splitting.

The authors are deeply grateful to Prof. A.M. Bonch-Bruevich for support
and interest in the work.
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The existence of collisionless thermal waves in a plasma was first demon-
strated experimentally in [1]. The occurrence of ion-acoustic noise on the
front of a thermal wave was noted in [2, 3], i.e., the feasibility of a sta-
tionary discontinuity was demonstrated [4].

In the present paper we considered experimental proofs of the existence
of a stationary heat discontinuity in a collisionless plasma {(electronic shock
wave) and the connection of its parameters with the theoretical concepts [4,
51.
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