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A joint scientific Session of the Division of General
Physics and Astronomy with the Division of Nuclear
Physics of the USSR Academy of Sciences was held on
December 27 and 28, 1972 at the conference hall of the
P. N. Lebedev Physics Institute. The following papers
were delivered:

1. N. G. Basov, E. M. Belenov, V. A. Danilychev, and
A, F. Suchkov. Compressed-Gas Lasers.

2. Yu. V. Afanas’ev, N. G. Basov, O. N. Krokhin,
V. B. Rozanov, G. V. Sklizkov, and S. I. Fedotov.
Theoretical and Experimental Investigations of Laser-
Plasma Dynamics.

3. V. 1. Gol’danskii and Yu. M. Kagan. Feasibility of
the Nuclear-Transition y Laser (Gaser).

4. Yu. A. Il’inskii and R.V.Khokhlov. The Possibility
of Observing Stimulated y Radiation.

5. V. 8. Letokhov. Use of Lasers in Nuclear Spectro-
scopy.

We publish below the contents of some of the papers.

N. 8. Basov, E. M. Belenov, V. A, Danilychev, and
A. F. Suchkov. Compressed-Gas Lasers

Interest in compressed gases as laser active media
arises out of their high optical homogeneity, the possi-
bility of attaining high active-particle densities, and the
existence of gas-laser designs with efficiencies up to
50%. In addition, it is possible at high pressure to ob-
tain smooth frequency tuning, to generate ultrashort
pulses, and obtain high power and coherence in the radi-
ation. These properties of compressed gases have at-
tracted attention to them as possible active media for
powerful lasers, which are needed particularly urgently
at the present time in connection with the development
of research on controlled thermonuclear fusion, guided
stimulation of chemical reactions, and other applications
of lasers.

The following difficulties arise in the design of com-~
pressed-gas lasers. Firstly, because of the instability
of the discharge at high pressures, the traditional elec-
tric-discharge method of exciting gas lasers cannot be
used for volume excitation of compressed gases. Sec-
ondly, the collision broadening of the laser levels,
which is proportional to the gas pressure, requires a
substantial increase in the pumping rate as the pressure
rises. Finally, it has been hypothesized that it may not
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be possible to obtain lasing at all at high pressures be-
cause of the increased importance of triple quenching
collisions.

An electroionization method for volume excitation of
compressed gases has been developed during the last
few years as a result of research done in the Quantum
Radiophysics Laboratory of the Institute of Physics,
USSR Academy of Sciences!*!, This method has made it
possible to obtain generation with a number of com-
pressed gases, e.g., carbon dioxide compressed to 60
atm. The electroionization CO;, laser demonstrated
the advantages of compressed gases as laser active
media. High efficiency (~30%) and a high active-
particle density of ~10*® cm™/atm were obtained, the
possibility of continuous tuning of the generating fre-
quency was demonstrated, and ultrashort pulses lasting
~107° sec and high powers (>10” W/cm®) and energies
(>107' J/cm®) were obtained in the radiation; diffrac-
tively divergent radiation was produced!®»3, At the
present time, the electroionization excitation method is
the only known method for pumping high-power lasers
with high efficiencies.

In the electroionization excitation method, the pump-
ing energy is taken from the energy of an electric field.
In contrast to the gas~discharge method, however, the
conductivity that the working medium must have to
transmit an electric current is created by irradiating
the medium from an external source of ionizing radia-
tion (fast electrons!™?! light {** or nuclear fission
products!®l). This makes it possible to place the value
of the electric field in the range of most efficient exci-
tation of rotational-vibrational levels—a field that is, as
we know, weaker than the discharge-initiating field.
Here the energy expended on ionization does not exceed
1% of the electrical energy. Elimination of the independ-
ent discharge makes it possible to excite compressed
gases with no restrictions in principle on pressure and
volume. If the ionizing radiation and the independent
discharge were to act simultaneously on the active
medium, the deficiencies of the gas-discharge method
would remain and excitation of the compressed gases
would be impossiblem. The influence of a space charge
on the current through an ionized working medium may
render electroionization excitation practically unwork-
able!®"), Under the conditions of strong ionization of the
gas, however, the space-charge effect is found to be in-
significant and, as has been shown by experiments“’“,
the electrical energy W to be invested in the gas is
determined by Ohm’s law

Meetings and Conferences 562




W == gE?,

where ¢ is the conductivity of the medium, as deter-
mined by the external ionization, and E is the electrical
field.

A property of electron-impact excitation of rotational-

vibrational levels—the proportionality of the excitation
rate to the product of the electron and molecule concen-
trations—has as a consequence that the power radiated
per unit volume of active medium in electroionization
excitation increases as the square of the pressure.
Thus, an increase in the working-gas pressure from
the tens of Torr encountered in ordinary gas-discharge
lasers to the tens of atmospheres will increase the
power radiated per unit volume of active medium by a
million times !,

The use of high pressures will substantially broaden
the lasing line and make it possible to generate power-
ful ultrashort pulses with durations down to 107*'—107*2
sect™? The high efficiencies of electroionization
lasers in the ultrashort-pulse mode (10%) is encourag-
ing for the use of these lasers to obtain a controlled
thermonuclear reaction efficient enough for power gen-
eration.
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V. I. Gol’danskii and Yu. M. Kagan. Feasibility of
the Nuclear-Transition y Laser (Gaser)

The few proposals that have appeared in the litera-
ture over the past ten years concerning ways to obtain
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stimulated ¥y emission have reduced to attempts to pre-
pare large numbers of long-lived nuclear isomers in
pure or strongly enriched form and to use the Moss-
bauer effect.

However, it is easily shown that this approach offers
no promise of success. The excited-nucleus concentra-
tion needed to bring about stimulated y emission st
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where E, is the energy of the ¥ transition, I'; is the
natural and I the actual excited-level width, a is the
internal conversion coefficient, I(E,) is the free path
of the resonant photons, £ is the probability of popula-
tion of the upper level on pumping ((1 +£)/2 of the
nuclei are initially on the upper level and (1 — £)/2 on
the lower level), and f is the probability of the absence
of recoil when the Méssbauer transitions are used.

Since (Eo/mhc)®*~ 10'°—~10", at Eq~ 10—100 keV
and I(E,)~ 107°—~10"%cm for medium and heavy nuclei,
we have n™ = (10°—10%°)I'/I'; even without considera-
tion of the multiplier (1 + a)/ff. This means that when
the resonance line is hundreds and thousands of times
broader, the necessary values of n* are in general al-
ready outside the range of matter densities N (further
compression changes nothing, since then n*I(E,)
= const).

Thus, in sharp contrast to the optical region, an ex-
treme sensitivity to any broadening of resonance lines
is brought about by the increase in the energies of the
transitions.

It is precisely this that dictates the use of the
Mossbauer effect, because the Doppler broadening of
the resonance in the presence of a recoil energy R,
Ap~ 2YRKT {(or Ap =~ 2VRKeD at T < @D, where
@D is the Debye temperature) is many orders greater
than T’y for any y-transition time that may be of inter-

est. In turn, use of the Mossbauer effect imposes addi-

tional limitations on the temperature of the system and
on the transition energies.

Decisive among the factors that impose an upper
limit on the y-transition times suitable for the produc-
tion of stimulated emission are the various possible
inhomogeneous broadenings of the Mossbauer resonance
line. The sources of this broadening include: 1) isomeric
shift, 2) quadrupole interaction, 3) magnetic hyperfine
interaction, 4) magnetic dipole-dipole interaction be-
tween nuclei, 5) temperature red shift and broadening,
and 6) gravitational level shift over the thickness of the
sample.

We shall not concern ourselves with broadening due
to magnetic interaction because, in principle, a diamag-
netic substance could be chosen and an attempt made to
reduce the dipole-dipole interaction between the nuclei
by means of known NMR methods.

The purely electrical interactions 1) and 2) are the
principal sources of inhomogeneous broadening. Prime
importance attaches to the isomeric shift, which in-
evitably exists in the Mossbauer effect, since two nu-
clear levels with different charge radii R participate in
the transition (in NMR, transitions occur between HFS
sublevels of the same nuclear level, so that the relative
shift of the center of the HFS ‘‘comb’’ on different
nuclei is not a factor).

For a given nuclear transition, the isomeric shift
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