It is obvious that an analogous method can be
used to register, in condensed media, the electron
image of any type of ionizing radiation (e.g., x
rays) and to convert the electron image into an opti-
cal one (see Fig. 3).
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We measured and observed generation in the 10 u region on the vibrational
transitions of CO,, during the course of escape of a heated gas mixture through
a slit into vacuum (the escape was accompanied by rapid cooling).

The suggestion that gnneration can be attained by adiabatic expansion of
a mixture of CO, and N2 gases was formulated in the invention disclosure [1]
and in [2]. The general idea of the possibility of obtaining inverted popula-
tion between energy levels with different relaxation times following an abrupt
change of the system temperature was advanced in [3]. Calculation of the in-
version produced when nitrogen with carbon dioxide is cooled were made for the
general case and for the case of a Laval nozzle in [2, U4, 5], and for the case
of escape through a slit in vacuum in [6]. Experimental investigations of the
problem were initiated in [7], where escape through a slit was used. Cooling
of €0, and mixtures based on it by the substance in which inversion 1s obtained
was investigated by the rarefaction-wave method in [8, 9] and by the method of
expansion through a slit in [10], where promising results were obtained.
Lasing on CO, molecules was recently obtained [11] with the aid of a nozzle,
using a ternary mixture (He, N,, CO,).

In the present lnvestigation, amplification and generation of laser radia-
tion by CO, molecules were observed with the gas expanded through a slit. In
this case [6], the rates of cooling are larger than those obtained with a
nozzle. Just as in [11], we used a ternary mixture (73% He, 18% CO,, 9% N;).
The mixture was heated to 1800 * 200°K (and a pressure of 25 atm) in a shock
tube behind a reflected shock wave (SW). The shock tube (see Fig. 1), with
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inside diameter 90 mm, had a partition with a slit 0.7 x 60 mm. The s1lit was
covered with foil (thickness 10 u), making it possible to obtain different
pressures on both sides of the slit (in the forechamber and in the receiver)
Reflection of the 3SW broke the foil practically in-
stantaneously, after which the gas mixture, heated by the reflected shock wave,

escape? from the forechamber into the receiver (the pressure in the latter was
1 Torr).

prior to the experiment.
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Fig. 2

Measurements of the gain
were made in accordance with
the scheme shown in PFig. 1.
Here L - continuous CO, laser
with 1 W power, W; and W2 are
polished NaCl windows, O is a
moving shutter interrupting the
laser beam, M; 1s a flat rotat-
ing mirror and M, is a spheri-
cal mirror for the focusing of
the radiation on the receiver.
A filter (of InSb) was selected
such that only radiation in the
range from 7 to 11 M was inci-
dent on the receiver (Ge-Au).
The signal from the receiver
was registered (elther with or
without a preamplifier) with
a two-beam osc¢illoscope (S1-1T)
together with the signals from
the contact pickups Q; and Q3,
which were used to measure the
velocity of the incident shock
wave. The-oscilloscope was
triggered by contact pickup Q:.

Figure 2 (oscillogram a)
shows a typical plot of the
laser-radiation gain. The oscillo-
gram section fromthe triggering of

the oscilloscope to the instant
noted by the short vertical arrow,
shows the value of the intensity of
the incident radiation Io. This

arrow corresponds to the instant
when the shock wave, propagating

in front of the mixture and causing
the absorption jump, reaches the
observation axis. Following a
brief(0.2 msec) setting time of the
escape, a rather stable amplifica-
tion is observed, which changes
after 2.5 msec into absorption.
During the time interval T desig-
nated by the horizontal arrow, at

. the end of the oscillograms, the

laser beam was covered by the shut-
ter. This made it possible to de-
termine the position of the null
line (dashed) and by the same token
the value of IO, which remained un-

changed during the course of the experiment, as well as the intensity of the
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transmitted radiation I. The smallest measurable value of the gain (or absorp-
tion) k = (I - IO)/IO amounted to about 2%.

The cooling of carbon dioxide by ex-
pansion of the jet in vacuum, and the de-
crease of its density, should give rise to
a maximum of inversion (and gain) in the s
receiver at a certain distance from the
slit [6]. This was confirmed in our ex-
periments (see Fig. 3, where the curve -
represents the result of averaging of ex-
perimental data). The maximum value
k ~ 10% was reached under our conditions s
at a distance of 35 mm from the slit. The
scatter of the values shown for each point
corresponds to the limit of the variation B
of k within a time on the order of 0.7 msec B
following the settling of the escape. The L , , , N
estimated accuracy with which k was measured , 0 20 30 7] 50 50
is +25%. Distance, mm

0 FA', %

In accordance with the variation of the Py -
gain, we located the resonator axis in the 18- 5
lasing experiments at a distance of 35 mm
from the slit. We used a gold-coated internal mirror with f = 500 mm and a Ge
mirror with £ = 100 mm. ~ The latter had a gold coating (with reflectivity
v100%) over the entire field with the exception of a central spot of 1.5 mm
diameter. The laser radiation passing through this spot was registered by the
same receiver, which was shifted to a position 45 mm away from the Ge mirror.

Oscillogram b on Fig. 2 is a typical plot of the generation (to arbitrary
scale). Oscillograms 2a, 2b, and 2c were obtained in three differene experi-
ments, but their starting points were made to coincide in Fig. 2 with the aid
of plots obtained with the contact pickups (not shown in the figure). The
length of the generation pulse coincides with the duration of the amplification
pulse (oscillogram 2a). On the other hand, this agrees with the picture of the
infrared radiation of the mixture in the receiver (oscillogram 2c¢). The cross
section begins somewhat earlier than the processes registered in Figs. 2a and
2b, and the glow of the mixture (together with its temperature) decreases very
strongly 3 msec after the instant of reflection, as a result of the action of
the rarefaction waves that arrive at the slit. This leads to the interruption
of the amplification and of the generation.

The authors are grateful to V.K. Konyukhov for useful discussions and ad-
vice.
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Nuclei with N = 90 neutrons are noted for the instability of their form.
Thus, as a result of a small increase of N from 88 to 90, the mean-square
deformation of the ground state B = (01 B2 10)!/2 increases (e.g., B = 0.167
for Gd'®% and B = 0.304 for GA'®* [1]), and the energy of the first excited
level decreases (from Ez;, = 0.33 to Epy = 0.12 MeV); the approximate equi-

distant arrangement of the lowest excited levels is replaced by a characteris-—
tic rotational spectrum [2].

There are also experimental indications [3, 4] that the form of nucleil
with N = 90 can be noticeably altered upon excitation.

The internal structure of such nucleili is determined by the intersection of
two groups of Nelsson levels (B) with positive and negative directions [5, 6].

Mottelson and Nilsson, who first called attention to this circumstance,
have shown by means of simple calculations that in this case the same nucleus
can have states with both small and large (positive) equilibrium deformations
[5]. In this connection it is sometimes stated that these nuclei have two dif-
ferent self-consistent fields, one weakly deformed and the other strongly de-
formed [4, 71].

The purpose of our experiment was to ascertain how such an instability of
the form can affect the properties of the dipole spectrum of a nucleus.

We present here the results of the measurement of the photoneutron cross
sections of the isotopes Gd'®%2, 15%, 156, 158 5png Eul®!, 153 in the photon
energy range EY = 8 - 22 MeV.

The measurement and analysis of the results were performed by the standard
procedure used in experiments with a bremsstrahlung spectrum [8. 9]. The photo-
absorption cross section Ois at photon energies below the fthreshold of the

reaction (v, 2n), was identified with the photoneutron cross section; at ener-
gies above threshold, 0, was determined from the photoneutron cross section in

accordance with the statistical theory.

The photoabsorption cross sections and the photoneutron cross sections for
the isotopes Gd and Eu are shown 1in Figs. 1 and 2 respectively.

The most interesting results is the clear-cut splitting of the giant reso-
nance (the Okamoto-Danos effect) on the Gd!%? nucleus (N = 88). This phenome-
non indicates that Gd'3%2? is not (as was proposed relatively recently) a spheri-
cal nucleus executing harmonic gquadrupole oscillations, since, in accord with
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