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Luminescence of the chromium R lines in ruby resulting from two-photon absorption of the radiation
from a neodymium laser was observed ( ‘A, — *F, transition). The dependence of the luminescence
intensity on the intensity of the exciting radiation from the neodymium laser was measured, as well
as the two-photon absorption coefficient for two polarizations of the exciting radiation.

Int?1 the pre-destruction luminescence and nonlinear
absorption of radiation of a ruby laser in ruby crystals
was associated with multi-photon transitions of the
chromium ion. Such transitions can occur both from
the ground level *A, and from the metastable level °E,
which complicates the interpretation and measurement
of the transition probabilities.

We have observed two-photon excitation of the
luminescence of the R lines of chromium in ruby by
the radiation of a neodymium laser and measured the
effective cross section of the double-quantum transi-
tion ‘A; — ‘F, (Fig. 1). In the experiments we used a
Nd-glass laser with an energy of about 1 J and pulse
length 25 ns. It was Q-switched with saturable filters.
In order to isolate a definite plane of polarization of
the laser radiation, a stack of glass plates at the
Brewster angle was placed in the resonator. The laser
radiation was focused by a lens with focal length
25 mm in the volume of rectangular samples of ruby of
dimensions 10 x 10 x 26 mm. The optical axis of the
crystals was perpendicular to their long axis, the con-
tent of chromium was 0.05%, and crystals without color
centers, with a high threshold of destruction
(2 x 10" W/cm?),1*! were chosen.

Luminescence was observed in the focal region of
the lens with a minimum flux of exciting radiation of
4 x 10° W/cm®. The spectrum and duration of the
luminescence under excitation by the Nd laser did not
differ from the spectrum and duration of the light
measured under excitation in the green band of the
ruby absorption.

We measured the dependence of the intensity of
luminescence I, on the intensity of the exciting radia-
tion of the Nd laser Ie¢ for two polarizations of the
exciting radiation. Luminescence in the direction per-
pendicular to the incident radiation was isolated by in-
terference filters and registered by an FEU-28 photo-
multiplier. The signal from the photomultiplier was
fed to an S-1-18 oscillograph and photographed. The
intensity of the incident radiation was measured with
a coaxial element on an S-1-11 oscillograph. The de-
pendence of log I, on log I for excitation by the or-
dinary ray is shown in Fig. 2. The straight line in the
figure was obtained by the method of least squares as-
suming I, ~ Ig. The value of n = 2.0 + 0.12 corre-
sponding to this line is evidence of two-quantum exci-
tation of the luminescence.

From the energy level diagram for Cr in ruby
(Fig. 1) it follows that the excitation of luminescence
occurs as a two-photon transition from level ‘A, to
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level *F,. Single-quantum absorption of radiation with
frequency 9400 cm™ by Cr ions in ruby is not ob-
served; thus, a stepwise mechanism of exchange is ex-
cluded. With the powers that we used we observed no
generation of the second harmonic of the exciting radi-
ation in crystals of ruby and leucosapphire, so that the
process of excitation by the harmonic is likewise ex-
cluded.

Measurement of the dependences of I, on I¢ for two
directions of polarization of the exciting radiation with
respect to the optic axis of the crystal allowed deter-
mination of the ratio of the cross sections of double-
photon absorption for the ordinary ((7(‘,2’) and extra-
ordinary (o¢’) rays: 0§”/0(’ =2 + 0.3. A similar
dichroism is also observed for the single-photon
transition in the green band of ruby.

To determine the absolute magnitudes of the cross
sections of two-photon absorption we measured the
intensity of the red luminescence at a power of the
exciting radiation close to the threshold of destruction
of the ruby. The recording circuit in this case was
calibrated using the luminescence excited by single-
photon absorption of the second harmonic of the Nd
laser (obtained by transformation in a KDP crystal).
The intensity of the luminescence excited by the second
harmonic can be determined by measuring the energy
and absorption coefficient of the harmonic in ruby with
the quantum yield of the luminescence taken into ac-
count, and in this manner the intensity of luminescence
under excitation by the Nd laser can be measured.

During each flash of the Nd laser, 10" Cr ions are
excited in the ruby volume V= 1.5x 107 ¢m® (length
of luminescing region 2 x 10" ¢m and diameter
1.0 X 10 cm). From this we get the coefficient of
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5+ 0.3 1

two-photon absorption: k® = 5x 10~ cm™ and
cross section for two-photon absorption ¢ ® (cm?)

=2 x 10731%%7 x I, (W/cm?). The accuracy in the de-
termination of k® and 0‘® is principally determined
by the accuracy of measurement of the power flux I
and its distribution in the focal region of the lens.

The measured values of k® and 0® are about five
orders less than the corresponding values for single-
photon absorption in the green band of ruby.

In conclusion, the authors express thanks to N. A.

Ekonomov, who participated in some of the experiments.

!T. P. Belikova and E. A. Sviridenkov, ZhETF Pis.

Red. 1, No. 6, 37 (1965) [JETP Lett. 1, 171 (1965)].
2T. P. Belikova and E. A. Sviridenkov, ZhETF Pis.
Red. 3, 394 (1966) [ JETP Lett. 3, 257 (1966)].
%V. A. Pashkov and G. M. Zverev, Zh. Eksp. Teor.
Fiz. 51, 777 (1966) [Sov. Phys. JETP 24, 516 (1967)].

Translated by L. M. Matarrese
17



