
1. It is a peculiarity of optical systems that they op-
erate simultaneously with a large volume of information
that is present in the amplitude and phase distributions
over the field, whose linear dimension usually contains
of the order of 103 resolvable elements. This imposes
certain requirements on the dimensions of the amplifying
elements and their angular aperture. It would be
desirable to have an ampliyf ing element with a gain such
that saturation of the active medium is attained in one
pass. In this case, the efficiency of energy conversion
to energy of the output beam that carries the image or
other optical information would approach the energy
conversion efficiency in the active medium. This would
make it possible to develop optical systems with ef-
ficiencies far above the conventional levels.

2. To reach saturation in one pass, it is necessary
to have a gain of the order of 0.1-1. 0 cm'1 for typical
active-medium lengths. This is what makes it dif-
ficult to create amplifying elements, since such gains
can be attained only with very high pumping rates.
Amplification in the visible region within the limits of
the Doppler linewidth requires pumping in the kW/
cm3 range at existing laser efficiencies in continuous
operation. Adequately high gains can be obtained com-
paratively easily with pulsed lasers.

3. The use of metal-vapor pulsed lasers, and es-
pecially the copper-vapor laser, which works in the
green region of the spectrum, made it possible to create
the first optical systems with brightness amplifiers
that were suitable for practical use and to investigate
these systems. A laser projection microscope with a
copper-vapor laser amplifier made it possible to pro-
duce images of microscopic objects on a screen with an

area greater than 10 m2 with linear magnifications up
to 15 · 103, which is far beyond the capabilities of con-
ventional projection systems. In this case the ampli-
fying element uses a substantial part of the stored in-
version, since it operates near saturation.

Gold- and barium-vapor lasers have been used to ob-
tain brightness-enahnced images of microscopic objects
in the red, ultraviolet, and infrared regions of the
spectrum. It is also possible to use lead-, manga-
nese-, and europium-vapor pulsed lasers for the same
purpose.

4. There are good prospects for the use of optical
systems with brightness amplifiers in large-screen
projection television, in data processing systems, for
high-speed microcinematography (at 10 000-20 000
frames per second), to amplify light beams formed on
reconstruction of dynamic holograms, and for various
other purposes.

5. Further development of optical systems with
brightness amplifiers requires the creation of new
highly efficient active media with high gains at large
diameters and angular apertures of the amplifying ele-
ment.
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Vacuum-ultraviolet luminescence of LaFs single crys-
tals. Doped LaF2 single crystals are of great interest
as possible active media for ultraviolet (UV) lasers.
This paper investigates the luminescence of these crys-
tals.

The luminescence-exciting source was a hydrogen
laser with the following parameters: lasing wavelength
1610 A, pulse duration less than 1 nsec, peak power
50 kW, pulse frequency up to 400 Hz.

The radiation of the exciting laser was focused on the
surface of the test specimen, which had been placed in
a cryostat. The luminescent emission was analyzed
with a Seya-Namioka vacuum monochromator. The
spectra of the luminescence were measured in the range
from 1600 to 2860 A. Those of LaF 3 : Nd, LaF 3 :
Pr, LaF 3 : Er, CeF3 and pure LaF3 were recorded.

Strong luminescence in the vacuum ultraviolet was
first observed for LaF3 :Nd (Fig. 1) in the 1740 A
region. The quantum yield of the luminescence in this
band is estimated at above 50%. The position of this
luminescence line does not change as the Nd concen-

tration is varied from 0. 05 to 2% by weight. With the
transition to liquid-nitrogen temperatures, it becomes
clearly evident that the 1740 A band is complex and that
the luminescence efficiency varies insignificantly.

The luminescence spectra of LaF 3 : Pr single crystals
(Fig. 2) have two strong groups of lines at 2500 and
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FIG. 2.

2700 A. The quantum yield amounts to tens of percent
in these bands. The luminescence efficiency varies
insignificantly as the concentration changes from 0. 05
to 2% by weight.

A strong ultraviolet band is observed at 2850 A in the
luminescence of CeF3; it corresponds to an allowed
transition of the Ce ion.

Bands of Nd and Pr impurities at contents no higher
than 10"5*!) are clearly evident in the case of undoped
LaF3.

The deexcitation times for these luminescence bands
were measured. They amounted to no more than 20
nsec (the time-resolution limit of the equipment) for
all Nd luminescence bands in LaF3, no more than 700
nsec for all luminescence bands of Pr in LaF3, and no
more than 20 nsec for CeF3. The equal deexcitation
times for the luminescence bands studied point to the
conclusion that the luminsecence in these bands cor-
responds to transitions that have acommonupperlevel.
The short lifetimes for Nd in LaF3 and for Ce permit
the assumption that the luminescence corresponds to
allowed transitions. The long (0.7 μββΰ) lifetime for
Pr suggests that the luminescence corresponds to tran-
sitions within the 4/ shell.'

The transitions responsible for the luminescence of

Nd and Pr in LaF3 are indicated in Figs. 1 and 2.

Lasing can be expected in the strongest luminescence
•lines of Nd and Pr because, as we have noted, the quan-
tum yields are quite high.2 There is hope for tunable
lasing and ultrashort pulses from the broad luminescence
bands. The shortest possible pulse durations are
1. 5 -10-13 sec for Pr in LaF3 and 10"14 sec for LaF3 :Nd.

The amount of absorption in the proposed lasing lines
is of prime importance for successful lasing. A weak ab-
sorption band is observed in the 2400-2500 A range, in
which one of the Pr luminescence maxima lies. The
strength of this absorption is about the same for all three
crystals, amounting to 1.5 cm'1. This band is due to the
presence of a very small Ce impurity. According to
literature data,3 pure LaF3 is transparent in this region.

The absorption is 10 cm"1 for the 1740 A band of
neodymium, i. e., quite strong. Lowering the ab-
sorption requires further purification of the raw ma-
terial used in growing the crystals. The lasing thresh-
old for Pr is 10 kW for the case of pumping with optical
radiation in the absorption band of the Pr impurity (λ
smaller than 2000 A) at pumped-space dimensions
0.02x0.1x1 cm3. The threshold for the 1740 A Nd
band is 0. 5 MW for a pumped space of the same size.
The actual pumping sources may be VUV lasers, a
pulsed hydrogen lamp, radiation from the plasma focus
of a magnetoplasma compressor, or laser-spark emis-
sion.

There would also be interest in pumping of such lasers
with hard electromagnetic radiation.4 For example,
estimates indicate a possibility of obtaining lasing by
pumping with x-ray synchrotron radiation of a VEPP-
4 storage ring or with γ radiation from a pulsed neu-
tron generator.

Thus, the lasing threshold is already within reach
even for the existing crystals.
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L. I. Gudzenko, I. S. Lakoba, Yu. I. Syts'ko, and
S. I. Yakovlenko. Analysis of the possibility of am-
plifying VUV radiation in a helium plasma. The pos-
sibility of basing a plasma laser1 on the photodissociative
AiY;*u^XiT/*Q(^2HeliS<)) transition of helium dimers
(λ =815 A) is discussed. The analysis is carried through
on the basis of numerical calculations made with a
multi-level self-consistent model of the relaxation of
a dense helium plasma. Cases of pumping with a pulse
of a relativistic electron beam and the afterglow of a

gas breakdown by a laser discharge are investigated.

The physical principles of population-inversion for-
mation in such a medium and the principal relaxation
mechanisms have been discussed in Refs. 1, 2. A
scheme of the relaxation transitions taken into account
by the model is given by Fig. 1. The atomic and
dimeric excited-state populations, the charged-particle
concentrations, and the electron (Tj and gas tempera-
tures are described as functions of time by a complex
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