change the parameters A and v%. & comparison of the measured (continuous
line) and calculated (dark points) relations for two-channel scattering (Fig.
b) shows sufficiently good agreement, making it possible to assume that the
values of the parameters of the potential energy surface (A¥ = 230 eV, v¥ =

3.8 8-1) and of the probability (p = 0.4) are reliable. Some discrepancy in
the region of the peak is apparently due to the approximate character of the
calculation, and in particular to the neglect of the existence of distributions
of the quantities Aqe, and 6%, due to the real population of the vibrational
levels of the excited and de-activated molecules.

In conclusion, we summarize the main results.

1. We measured the differential scattering cross section of the molecules
N2 in the ground and metastable states. We observed for the first time ef-
fects connected with impact de-activation of NZ(A3ZE).

2. We reconstructed the surface of the potential energy of the interac-
tion of Nz(XIZE) with Nz(Aazz) and obtained its intersection with the surface

for the ground-state molecules.

3. The results enable us to estimate the total cross section for impact
deactivation of the A3z; state of N, namely @ = 3.3 32; this value disagrees

with Q@ = 1 &2 obtained in [67.
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Of greatest interest in the investigation of the Mossbauer-effect aniso-
tropy in pure elements are single crystals of tin, tellurium, and antimony.
Single crystals of tin and tellurium were investigated in [1 - 4]}. We report
here the results of a study of the anisotropy of the probability of resonant
absorption of 37.2-keV Y quanta by Sb!2?! nuclei in antimony single crystals
at liquid-nitrogen temperature.

Crystalline antimony has rhombohedral syngony, space group R3m, and lat-
tice parameters a = 4.4928 and o = 57°12' at liquid-nitrogen temperature [4].
Each unit cell has two atoms located on the spatial diagonal [111] of the rhom-
bohedron, which is the inversion of the threefold axis C. FEach atom has three
nearest neighbors at a distance 2.87 A, and is bound to them covalently, form-
ing a folded layer. The shortest distance between atoms of different layers
is 3.47 K, and the binding forces between layers are much weaker. Therefore
the greatest strength of the crystal is observed in the (111) planes parallel
to the folded layers of the atoms, and the crystal is relatively easily
damaged in directions perpendicular to these layers. Antimony exhibits
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anisotropy of physical properties.

k., .,';K\qﬁ?hr The linear-expansion coefficient in
e ‘;ﬂ”- Tt the temperature range 78 - 90° has
Ve il values o, = 15 48 x 107% and o, =
"e ’\ 2 5.27 x 10~°%
r?“g%: e=lof% The Mossbauer spectra were ob-

. ~ tained for single crystals grown by
zone melting. The absorbers had two

. e orientations: The y radiation propa-
v gated parallel to the C axis in the
first absorber, 37.5 mm/cm? thick,

and perpendicular to the C axis in

the second 23.2 mg/cm thick. The
experiments were performed on an elec-
trodynamic setup with constant accele-
ration, and the y source was the com-
pound BaSn'2?!0,;, with line width T
1.6 + 0.1 mm/sec. The vy quanta were
registered with a scintillation count-
er with NaI(Tl) crystal 0.2 mm thick,
using the emission peak. The source
and absorber were kept at liquid-
nitrogen temperature in a low-tempera-
ture chamber, and the absorber was set
in motion.

a=10,9%
4C

~10 55 0 3 mm/sec
The Mossbauer spectra of anti-

mony single crystals of two orienta-

tions are shown in the figure, with indication of the magnitude of the effect

€ and of the line width T_ . The isomer shift relative to the BasSnl!?!Qg; source

was the same for both orientations, § = -11.6 *
values of f' are listed in the table.

0.1 mm/sec. The experimental

Dir.e::;‘,_i-on of | Crystal [Area- under curve, | Probability of
gamms, quanta [ thickness corrected for resonant absorp-
in crystal mg/cm2 bacground tion, f'
A C 37.5 +0.3 § = 1.69 +0.07 ﬁf =0.117 £+ 0,010
1c 23.2: 0.4 Sl = 1,51 + 0.06 &' = 0,160 :+ 0,010

To find f!'

under the curve on the effective absorber thickness CA

et P[5 (5]

from the experimental data, we used the dependence of the area

= nO'of':

(1)

where Kk 1s the fraction of the resonant Y quanta among those registered, I,
and I: are Bessel functions of zeroth and first order of imaglnary argument,
and f is the probability of resonant emission of 37.2-keV y quanta and its

value can be estimated from data on the probability of the Mossbauer effect

for 23.8-keV Yy quanta from Sn!

exp[-const(23.8)2] and

at fpo9n0,

11

TBasno,

9

11ey -
(Sn ) = 0.72 [5] the value fBaSn03

in the BaSn0;
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lattice.
(Sbl2!) = exp[-const (37.2)2%],
(Spt2l) = 0.45,

fBaSnO (Sn*? ?) =

from which we get
This value was



used to calculate the absolute values of the probability of resonant absorp-
tion, fj and £} To determine the anisotropy f!/f!, we plotted S,/S,, calcu-
lated from formula (1), agalnst £ for the absorber thicknesses used 1n this
experiment, at dlfferent values of the anisotropy ﬂi/ﬁL. A comparison of the
experimental and calculated results yielded ﬂ;/ﬁi = 0.73 = 0.09.

Antimony single crystals have axial symmetry, and therefore the angular
dependence of the probability of the Mossbauer effect for antimony can be
written in the form

2
f'(9)=exp!--%[<x2>+(< 22> - < x*>) cos 20}, (2)
{

where 0 is the angle between the C axis and the propagatlon direction of the

Y quanta, X is the wavelength of the resonant Y quanta, <z2?> is the mean-
squared dlsplacement of the atom from the equilibrium position along the C
axis, and <x?> is the mean- -squared displacement in the direction perpendlcular
to the C axls. For antimony at liquid-nitrogen temperature expression (2)
takes the form

£°(0) = expl -1.83-0.32cos?0} . (3)
This shows that <z?> > <x2>.

By integrating (3) over all angles from -7/2 to w/2 we find that the prob-
ability of the resonant absorption in the polyecrystal is f' = 0.145 * 0.015.
To verlfy the correctness of the obtained anisotropy, we plotted the Mossbauer
spectrum of a polycrystalline absorber. The experimental data yielded f' =
0.15 + 0.01, which agrees within the limits of experimental error with the value
calculated from the obtained anisotropy Q(/QL = 0.73 * 0.09.
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A number of nonlinear phenomena caused by pumping of potassium and rubid-
ium vapor by laser radiation were reported in [1 - 8], where scattered radia-
tion in the direction of the pump beam was observed. Some of the observed
phenomena have not been reliably interpreted to this day.

We present here the results of an investigation of intense directional
radiation on a number of transitions of the rubidium atom in the blue, red,
and infrared regions (the IR transitions in rubidium vapor were never observed
before). A comparison of the intensities of the different components of fthe
radiation scattered forward, backward, and at right angle to the pump beam has
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