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The Joint Scientific Session of the Division of General
Physics and Astronomy and the Division of Nuclear
Physics of the USSR Academy of Sciences took place on
June 29-30, 1977 in the Conference Hall of the P. N.
Lebedev Physics Institute of the USSR Academy of Sci-
ences. The following papers were read:

1. N. V. Karlov, Laser separation of isotopes.
2. V. V. Smirnov, Coherent Raman spectroscopy of

gases.
3. V. V. Korobkin, B. M. Stepanov, S. D. Fanchen-

ko, and M. Ya. Shchelev, Pico-femtosecond electron-
optical photography.

4. A. A. Kolomenskii, Collective methods of particle
acceleration.

5. Ya. B. Fainberg and Ν'. A. Khizhnyak, Plasma
methods of acceleration.

6. V. P. Sarantsev, Acceleration of ions in electron
storage rings.

Brief accounts of five of the papers presented are
given below.

N. V. Karlov, Laser Separation of Isotopes. The
high spectral intensity of laser radiation can be used
in the selective initiation of photoionization, photodis -
sociation, photochemical processes, and so on. The
resonance effect of laser radiation on matter can also
be used for isotope separation. The separation of iso-
topes with the aid of optical radiation produced by lasers
makes this method sufficiently universal and, at least
in principle, highly productive. In contrast to all other
methods of isotope separation, all laser methods have
the unique ability to affect only the required isotopes in
a natural mixture, and not the mixture as a whole. Se-
lective excitation of the required isotopic components
by laser radiation and the spatial separation of the ex-
cited isotopes is a common feature of all methods of
laser separation of isotopes. Physical or chemical pro-
cesses corresponding to the second stage should then
proceed with a minimum loss of selectivity.

Since the quantum yield of a selective photoprocess
cannot exceed unity, it is clear that the production of
one gram-mole of the required material per minute cor-
responds to not less than 102z laser photons incident
per second.

An analysis of laser methods for the separation of
isotopes can provide the answer to the question as to
which particular laser photons are required. Three
laser methods for the separation of isotopes have now
been developed, namely, selective photoionization of
atoms, multistep selective dissociation of polyatomic
molecules by infrared radiation, and selective hetero-
geneous processes.

Two-step selective photoionization of atoms is the
most general method of laser separation of isotopes.
It can be used to extract any isotope of any element in
the Mendeleev periodic table, provided the necessary
atomic vapor pressure can be established. This method

has been successfully used to separate the isotopes of
all the elements of the rare-earth group which have
stable isotopes. The necessary high atomic vapor pres-
sures were produced by electron-beam evaporation
without the use of a crucible. Two-frequency selective
excitation has been found to be a powerful tool in spec-
troscopic studies. It can be used in the accurate re-
cording of hyperfine structure spectra of odd isotopes,
and to determine the cross sections for the resonance
excitation-energy transfer in heavy-metal vapors.

Vibrational levels of polyatomic molecules are used
in the multistep selective photodis sociation of molecules
by infrared laser radiation. The elementary dissocia-
tion event is produced by the absorption by the molecule
of a large number of infrared laser photons which are
in resonance with vibrational transitions in the molecule.
The presence in sufficiently symmetric polyatomic mol-
ecules of a quasicontinuum of the higher vibrational
states exhibiting a band structure plays an important
role in this process.

The presence of the quasicontinuum has been demon-
strated experimentally, and the importance of its band
structure leading to the red shift effect has been estab-
lished. This effect consists of a sharp reduction in the
dissociation threshold and an increase in the dissocia-
tion rate when the frequency of the laser radiation pass-
ing through the quasicontinuum is detuned from reso-
nance toward lower frequencies.

The selective ionization of atoms and selective disso-
ciation of molecules are fundamentally new methods for
isotope separation. Laser radiation can also be used-
to accelerate molecular-kinetic processes used in iso-
tope separation and occurring under heterophase condi-
tions. The separation of boron isotopes has been
achieved in a laser chromatographic column, a laser
filtration cell, and under laser resonance evaporation.
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Modern quantum electronics is now ready (from the
power point of view) for the solution of problems in the
laser separation of isotopes. At the same time these
problems impose some quite stringent conditions on the
laser systems. The most important are the require-
ments of high efficiency, tunability, monochromaticity,
stability, high mean power, long life, and high relia-
bility.
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V. V. Smirnov, Coherent Raman Spectroscopy of
Gases. Progress in the development of tunable laser
sources of light has led, in the last few years, to the de-
velopment of coherent Raman spectroscopy. This method
is based on the wavelength shift in media with cubic non-
linearity of susceptibility χ<3>, the possibility of which
was experimentally demonstrated for the first time by
Maker and Terhune. t n In this process, the application
of spatially coherent fields due to two powerful lasers
with frequencies ω1 and ωζ = ω1- Ω , where Ω is the fre-
quency of the Raman-active transition under investiga-
tion, leads to the Inharmonic excitation of oscillations
in the medium. The biharmonic "pump" produces high
excited-state populations and a phasing of the oscilla-
tions of the medium throughout the volume in which the
interaction takes place. The intensity of the pumping
radiation scattered by a medium of this kind is much
greater than the intensity resulting from spontaneous
scattering, but at the same time there is no competition
between the lines because the threshold for stimulated
Raman scattering is not reached. By varying the fre-
quency of one of the lasers, and thus varying the differ-
ence ω, - ω2, it is possible to excite and investigate a
series of Raman-active oscillations. In practice, one
records the signal due to the coherent anti-Stokes scat-
tering of light. Another important feature is that the
scattered radiation is localized within the diffraction
angle, i. e., it is laser-like, in contrast to spontaneous
Raman scattering, where the scattering indicatrix is
isotropic. To increase the scattered intensity, one must
ensure that the momentum conservation law

2ω, — ω, = ωα. k[ — k, = ka.

is satisfied in addition to energy conservation. In the
case of collinear propagation, the effective interaction
occurs over the coherence length, i. e., the length of
phase mismatch determined by the dispersion of the
medium (Δβ/,^^τΐ·). The characteristic coherent lengths
in liquids and solids are of the order of a few millime-
ters or a fraction of a millimeter, whereas, in gases
at normal density, they amount to hundreds of millime-
ters. Simple calculations show that even the use of la-
sers with relatively low output power (~ 1 kW) can pro-
duce an increase in the scattered intensity by a factor
of at least 109.

The above features of coherent anti-Stokes scattering
of light make this method ideal for the detection of Ra-
man-active spectra in highly luminescent media such
as, for example, biological objects, in research on
plasmas and discharges, and in photochemistry. The
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possibilities of this method in Raman spectroscopy have
been demonstrated in a number of investigations involv-
ing solids," ' 3 3 l iquids," 1 " and gases."" 1 0 1

This paper is mainly concerned with results demon-
strating the possibilities of coherent anti-Stokes scat-
tering of light in the spectroscopy of vibrational-rota-
tional transitions in gases. For example, the rotational
and vibrational temperatures have been determined1-8"81

for gas discharges and flames, and the topography of
individual fragments in gas flames has been established
with a spatial resolution of about 20 μιη.

One of the fundamental problems in Raman spectros-
copy is the question of spectral resolution. Resolution
of no better than 0.1 cm"1 can be achieved in the detec-
tion of spontaneous Raman scattering in specialized
laboratory systems, using exposures of the order of
some tens of hours. On the other hand, in coherent
anti-Stokes scattering of light, the resolution is deter-
mined by the laser linewidth. The use of single-frequen-
cy, continuously operating, lasers has resulted1 9 '1 0 1 in
the record resolution of 40 MHz (0.001 cm"1), and the
spectra of the Q -branches of a number of the molecular
vibrations have been completely resolved (see Fig. 1).
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