gxperiment has shown, however, that at excitation power densities P/S < 10
kW/cn” two processes are observed in the luminescence growth kinetics Ig(t).

One is fast and corresponds to the intensity Jjumps on the oscillograms, which
ocecur after a time <1.5 nsec. The other 1s slower, with duration 23 nsec. The
ratic of the first process to the second decreases (Figs. 2b and 2f) with in-
creasing number of the exciting spike (and with increase in its intensity).

The observed effects can be explained by assuming that intense excitation
makes possible stimulated emission of non-equilibrium ("hot") phonons, As shown
in [7], for stimulated nonradiative transitions to occur it is necessary to have
an inverted population and a coupling between the particles via the photon or
phonon field. For the 3 » 2 transition the level population inversion condiftion
is satisfied only for the first spikes. It is for these that the maximum ampli-
tudes of the fast jumps are observed on the oscilllograms of Fi%. 2. Estimates
show that at densities P/S ~ (1 - 10) kW/em? = (2.6 - 26) x 10'% quanta/cm? (at
A =530 nm), at which the effect of stimulation of nonradiative transitions is
already observed, the distance between excited centers is ~(0.8 - 0.4) x 10~* cm
and is comparable with the wavelength of the exciting light. To effect a coupl-
ing between centers via the phonon field at such distances between centers, it
is necessary to have a phonon lifetime v, > 10-'° sec, which seems little
likely to us for CaF,. b

It follows from the aggregate of presented facts and estimates that stimu-
lated nonradiative transitions are observed in Can(Sm2+) and the coupling be-
tween centers can be realized via the field of the exciting light wave.

The authors are deeply grateful to A.M. Bonch-Bruevich for help with the
work and valuable advice, and to P.P. Feofilov for interest 1n the work and a
discussion of the results.
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The radiation emitted by an ion-bombarded solid target includes a group of
fast particles, ions as well as neutral atoms, the energies of which are com-
parable with the energy of the incldent ions. These particles are partners of
one or several successive palr collisions between the ion and the target atom
[1]. The angular and energy distributions of these particles carry considerable
information both on the microscopic properties of the bombarded sample (its
crystal structure [2], the thermal lattice vibration [3], the composition of the
surface [4]) and on the potentials of the interaction between the two colliding
atomic systems [1].

In many cases, for example when metals are bombarded with lnert-gas ilons
of energy 10° - lO& eV, most fast scattered particles are neutral, and the ions
constitute only several per cent [5]. In spite of this, almost all the pub-
lished data pertain to the ilonic component of the scattering. There have been
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Fig. 1. Diagram of setup: CT - copper target, 1B -~
ion beam, D; - Ds - diaphragms, P - deflecting plates,
C - stripping chamber, EA - electrostatic analyzer,
VEM - vacuum electron multiplier, 1T - trap for de-
flected ions, NT - trap for unstripped neutral par-
ticles,

much fewer studies of the properties of the neutral component. The energy spec-
tra of fast neutral atoms have not been investigated at all. Yet a comparison
of the neutral and ion spectra could be useful to explain the mechanism whereby
secong?ry particles are emitted, in analogy with the case of cathode sputter-
ing [6].

An analysis of the neutral component of the scattering is much more com-
plicated than the corresponding analysis of the ionic component, since it calls
for first lonizing the neutral atoms without distorting thelr rather narrow
energy distribution. The use of time-of-flight methods, according to a report
by Van der Weg and Bierman [7], was unsuccessful because of the superposition
of spectra of different types of particles.

We have stripped fast neutral atoms in a gas target, and then analyzed them
by energy in an electric field. The energy spectra of the lons and neutral
atoms were obtained under identical conditions, making a comparison possible.

The experimental setup is shown in Fig. 1 (we used elements of the apparat-
us described in [3]). The copper target CT was bombarded with singly-charged
argon ions. Diaphragm D;, with dimensions 10 x 1 mm, separated a narrow beam
of particles that experienced scattering through an angle 6. The plates P
served to remove the lons from the scattered beam. The stripping chamber C was
bounded by slits of adjustable width: the gas pressure in this chamber was
measured with an ionization manometer. After passing through the stripping
chamber, the particle beam entered the input slit of the electrostatic analyzer.
The energy resolution was not worse than 1%.

We first plotted the energy spectra of the ions on the (100) face of a
copper crystal and on a polycrystalline target in the absence of gas in the
stripping chambers and with the plates P short circuited (dashed curves 1in
Figs. 2 and 3). These spectra have the usual form (cf., e.g., [1, 21).

The energy spectra of the neutral atoms (solid curves in Figs. 2 and 3)
were obtalned by filling the strippin§ chamber with hydrogen, helium, or argon
at pressures from 2 x 1075 to 2 x 10~% Torr. A deflecting voltage was applied
to the plates P. The spectra were constructed with allowance for the depen-
dence of the stripping cross section of the energy of the fast neutral atom
[8, 91.
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Fig. 3

Fig. 2. Energy spectra (normalized at the maximum) of scattered par-
ticles; target - polycrystalline copper bombarded with argon ions of
initial energy E¢ = 16 keV, 6 = 40°, o = 15%. Dashed curve - spec-
trum of scattered lons, solid - spectrum of scattered neutrals; tri-
angles - stripping in argon, squares - stripping in helium, circles -
stripping in hydrogen. In the right side of the figure: solid

curve - spectrum obtained at the output of the energy analyzer when
a monckinetic beam of argon atoms with initial energy Eo, = 16 keV

is applied to its input: triangles - stripping in argon, squares -
stripping in helium, dashed curve - ion spectrum.

Fig., 3. Energy spectrum of scattered ions (dashed) and of fast neu-
tral atoms (solid), obtalined by argon-ion bombardment of the (100)
face of a copper crystal; the scattering plane coincides with the
(110) plane; the bombarding-ion energy is E¢ = 9 keV.

The agreement between the spectra obtained by applying to the iInput of the
energy analyzer monokinetic beams of atoms and ions (Fig. 2) allows us to state
that the influence of the energy lost in stripping (cf., e.g., [10]) on the
form of the investigated spectra can be neglected. This 1s also evidenced by
the practically complete coincidence of the forms of the energy spectra ob-
tained by stripping in different gases (Fig. 2).

We see that the spectra of the fast neutrals turned out to be similar, in
main outline, with the ion spectra.

Attention 1s called, however, to the following circumstance. In the case
of scattering by a single crystal, the positions of the peaks in the 1l1on and
neutral-atom spectra do not coincide. The top of the left-hand peak in the
spectrum of the neutrals 1is clearly shifted towards higher energies. The right-
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hand wing of the spectrum, which is due to scattering of higher multiplicity,
has a higher intensity in the spectrum of the neutrals.

These results indicate that different mechanisms govern the production of
ionic and neutral components. Apparently, the mechanism of scattering by a
chain of atoms [11] plays a relatively larger role in the formation of the neu-
tral component, whereas the ionic component is produced predominantly via pair
collisions.

The author thanks S.Yu. Luk'yanov for interest in the work, 0.B. Firsov
and V.A. Molchanov for a discussion of the results, and S.N. Zvonkov for great
help with the work.
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SPLITTING OF THE SPECTRUM OF LOW~FREQUENCY ANTIFERROMAGNETIC RESONANCE IN NiCl,
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The low-frequency antiferromagnetic resonance (LF AFMR) in NiCl, was in-
vestigated in [1, 2], where it was shown that it can be described by the ex-
pression

.- X H?fAZ
ILFA 2”\/HOTA , (1)

where A is the isotropic gap, which in all likelihood is due to magnetostric-
tion [3, 41; A = 3 kOe at T = 4.,2°K [2].

We have investigated the frequency-field dependence of LF AFMR in the fre-
quency region 27 - 43 GHz. Samples, in the form of single-crystal plates meas-
uring 1.5 = 3 x 2,5 - 5 x 0,1 - 0.5 mm, were placed near a short-circuiting
plunger in a waveguide of cross section 3.6 x 7.2 mm. The wavegulde was placed
in a duct passing inside a superconducting solenoid. The duct was filled with
helium gas, and a thermoresistor, a bifilar heater winding, and insulating
liners of teflon film and wool filaments were placed at the end section of the
waveguide. This construction has made 1t possible to vary the sample tempera-
ture from 4.2 to ~v70°K. The magnetic fileld was directed along the wavegulde
axis. The C3; axls of the sample was always perependicular to the plane of the
employed plate. By varying the mounting of the samples we could perform
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