netic field on the creation or (and) annihilation of the photocurrent carriers. It is known
that light causes production of excitons in molecular crystals. Thermal ionization and recom-
bination of the excitons produces the current carriers. A very probable cause of the increase
in photocurrent in the magnetic field is the influence of this field on the lifetime of the ex-
citons prior to their vanishing without formation of carriers (“annihilation").

The authors thank Professor V. L. Tal'roze and Professor L. A. Blyumenfel'd for a dis-
cussion, as well as L. Lyubchenko for supplying the anthracene sample.

EFFECT OF A FOCUSED RUBY-LASER BEAM ON THE RUBY

T. P. Belikova and E. A. Sviridenkov

P. N. Lebedev Physics Institute, USSR Academy of Sciences
Submitted 13 May 1965

Investigations of the interaction between light from a powerful laser and a substance
that exhibits resonant ebsorption at the lasing frequency is of interest because multi-stage
and multi-quantum transitions are facilitated in such a system. We have investigated the ef-
fect of a focused ruby-laser beam on a ruby. The ruby crystal was polished in the form of a
cube 0.8 cm on edge and placed in the focus of the beam of a pulsed-Q laser of ~ lO7 W power
(breakdown takes place in air)., The beam inflicted damage on the crystal in the form of a
chain of ring-like microscopic fractures with local formations in the center. The chain of
fractures was aligned along the axis of the laser beam (Fig. 1; the laser beam direction is

indicated by the arrow, and the beam was focused on the center of the crystal).

Fig. 1. a - Traces of microscopic fractures in
ruby crystal after three laser pulses. Magnifi-
cation 3x; b - two individual fractures from

the track (magnification 30x).
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Fig. 2. Ruby glow spectra at different
radiation power: a - ~ 106 W, b - 105 \

(total energy larger than in a).
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The damage was accompanied by an intense flash of light with a continuocus spectrum.
At a lower power, ~ 10 W, no damage to the crystal occurred, but glow, consisting of
two broad bands with maximum at ~ 630 and ~ 450 nm was observed from the ruby (Fig. 2a).
At ~ lO5 W power (without pulsed Q), the blue band disappeared, leaving only the orange
band (Fig. 2b). A similar orange glow was observed and partially investigated in ruby excited

by a mercury lamp [l].
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We propose that an important role is played in these phenomena by absorption from the
2E level of ruby.

At high power, as a result of multiple quantum absorption from the ZE level, cr3t jon-
ization is possible, 1In this case the electrons fall in the conduction band of the corundum,
are accelerated by the field, and produce breakdown in the crystal. The cracking of the crys-
tal is a result of this breakdown.

At lower laser power, the following excitation mechanism is possible.

According to the level scheme proposed for ruby

E-ﬁ,{-—%ﬂr by Sugano and Tababe (2] (Fig. 3), two~quantum transi-
1 ene”! tions are possible from the ZE level to the 2T, level,
g;-l £ ‘4 ‘7;' 30080 with subsequent relaxation to the levels ZF, and ZA,.
140000 2 IFIEI A radiative transition from these levels to the ZE level
30000 - 4 : '-ZMW can produce the observed luminescence band of the ruby.
20000 |- ‘E 10000 When a ruby sample cooled to 77°K was irradiated
? by a ruby laser, neither glow nor ruby damage was ob-
10000 43 served. It is known that the ruby R; line narrows down
2! 4”: at this temperature to 1 cm™* and shifts by 10 cm .

In this case there is no absorption at the ZE level,

ig. 3. Ruby level scheme since the generation wavelength does not coincide with

with proposed transitions. the wavelength of the R; line.

If the ruby sample is placed in such a way that the focus of the laser beam is close to
the surface, then flashes having line spectrum are produced on both surfaces of the sample at
the instant of irradiation. A similar spectrum is obtained when the ruby is replaced by co-
rundum.

The authors thank M. D. Galanin and A. M. Leontovich for continuous interest in the work

and for valuable discussions.

f1] A. Misu, J. Phys. Soc. Japan 19, 2260 (196L4).
(2] S. Sugano and J. Tanabe, J. Phys. Soc. Japan 13, 880 (1958).
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