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i.e., to > 1 within the limits of applicability of the present theory.
The author is grateful to Ya. B. Fainberg for valuable advice, and to B. B. Kadomtsev
for a discussion of the work.
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The possibility of reducing the quasilinear equation for f to one-dimensional form
in the case of cyclotron instabllity was indicated earlier in (5 .
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We have observed a new effect produced by hard radiation in erystals with TR3* impurity,
consisting in a change of the structure and of the optical properties of the TR®* centers.

It is well known that crystals comtaining trivalent rare-earth impurities (TR®*) become
colored under the influence of hard radiation such as y rays, neutrons, deuterons, or fast
electrons. However, the accompanying absorption (and sometimes luminescence) is connected
either with the formation of proper color centers, or with a transition of the ™R to a di-
valent state [l'h].

The investigations were carried out with the crystals CaFo:Na3t (0.3 wt.%), CanzEr"“
(0.3 wt.%), and CaFp:Eu®* (0.3 wt.4, type I), synthesized by the procedure described in (5] .
Figure la shows the absorption spectrum of the CaFosNa3* (0.3 wt.%) obtained at T7°K with a
DFS-12 diffraction spectrometer. The spectrum corresponds to the transition 419 /2 ~* ‘Fs/z.
The letters L on the figure denote the lines belonging to tetragonal-symmetry centers, while
M and N denote lines belonging to the two types of rhombic centers [6]. Figure 1b shows the
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Fig. 1. Absorption spectrum of CaFp:Na®*, 0.3 wt.%, at T7°K
a - prior to irradiation, b -

(transition *Ig/5 ~ 4F3/2):

after irradietion with ¥ rays from Co®° (1.25 MeV), dose
107 r; ¢ - after heating the irradiated crysteal for one hour
at 300°C.

absorption spectrum of the same crystal after irradiation with y rays from Co®° (1.25 MeV,
It is seen from the figure that irradiation has greatly reduced the intensities
of some lines and has also given rise to new lines (8576 and 8640 X).

dose 107 r).

ratios of the absorption coefficients at the line maximse before and after irradiationm.
easily seen from a comparison of these values that:

The table lists the

It

is

(1) the lines comprising a single system

are decreased in like fashion, and (1i) the decrease is strongest in the M-system lines, less

pronounced in the N system, and practically nil in the L system.

pletely restored after heating the irradiated crystal for an hour at 250 - 300°C (Fig. 1lc).

The initial spectrum is com-

CaFp : Na®* CaFp : Er3t CaFy : Eut
TvPe | N ALK K s K rest/ Finae] P L N A UKy Ky TRe [N L LT, -

N | 8589 0.99 1.00 L | 4460 1.08 L s52h1.h 0.89
M | 8604 0.59 1.00 N 461 0.51 M 5253 .4 0.75
N | 8619 0.94 0.99 M | Huék.s 0.66 L 5255 0.93
L | 8623 1.01 1.01 L L4654 1.10 M 5255.9 0.70
M | 8630 0.66 1.03 L 4468 1.05 M 5256.8 0.56
M | 8634 0.61 1.02 L 4469.6 0.96 M | 5257.7 0.83
K | 8650 0.93 1.01 M, N | 4473 0.79 ¥ | 5258.7 1.16
M | 8661 0.61 1.02 L | s475.4 1.08 M 5260.2 0.68
L | 8683 0.92 1.06 P L478.9 0.39

P L489.7 0.h2

P Yo2.5 0.62

* Superposition of other lines makes the analysis inaccurate
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Fig. 2. Absorption spectrum of CaFp:ErS+ crystal, 0.3 wt.%,
at 77°K (transition *I;5/» + *Sa/z): a - prior to irradia-
tion; b - after y irradiation (1.25 Mev, 107 r).
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Fig. 5. Absorption spectrum of CaF;gEu"”+ erystal, 0.3 wt.%,
at T7°K (transition 7F, -+ 5D;): a - prior to irradiationm;
b - after y irradiation (1.25 Mev, 107 r).

Figures 2 and 3 and the table show analogous data for the CaFa:Er®" and CaFp:Eu®t (both
0.3 wt.%). It is seen that the character of the changes in the absorption spectra of these
crystals is in principle the same as for CaFp:Na3* (0.3 wt.%). The initial spectrum is re-
stored on heating to 300°C, the same as in the crystals with the NaSt,

Thus, comparing the obtained data, we can conclude that y irradiation changes the struc-
ture of the optical TR®* centers: some centers (M and N) disintegrate and are replaced by
others, with a structure still unknown. Two mechanisms of TR3*center transformation are
possible:

1. JIonic mechanism. This mechanism presupposes dissociation of the centers, i.e.,
their destruction. Dissociation causes the number of the M and N centers to decrease, while
the TR®* ions contained in them are already in other electric fields and their optical pro-
perties differ accordingly from the initial ones. Such a mechanism readily explains why the
number of absorption centers of lower symmetry decreases, and there are now tetragonal-
symmetry centers, It is known (71 that lower-symmetry centers have a more complicated strue-
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ture, and incorporate several TR®' ions and interstitial fluorine ions. The binding energies
of these ilons are lower than in the simpler-structure tetragonal centers. It is clear that
the probability of destruction of more complicated centers is higher than that of the simpler
ones.

2. Electron-hole mechanism. As a result of intense internal ionization accompanying

the y irradiation, a large number of electrons and holes are localized at various localization
levels, In the case when the localization of the electrons or of the holes takes place suf-
ficiently close to the TR3* ion, the symmetry of its crystalline field changes, which is tant-
amount to formation of a center of a new type. This mechanism explains well the temperature
instability of the crystal state produced following the irradiation, and the restoration of
the initial structure of the centers. It is still unclesr which of these mechanisms pre-
dominates.

It must be noted in conclusion that the effect observed in this investigation can be
used for an analysis of the optical TR® centers in crystals by observing the inhomogeneous
change in the absorption-line intensity following irradiation.

In addition, a study of the optical properties of the TR®* centers in irradiated crys-
tals can yield valuable information on the character of the processes which occur when hard
radiation interacts with crystalline matter.
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IONIZATION OF AN ATOM COLLIDING WITH AN EXCITED ATOM
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1. In this paper we calculate the cross section of the reaction
*
A+B-'A+B++e, (L

with the excitation potential of atom A exceeding the ionization potential I of atom B. The
assumption is used that the cross section of transition (1) is determined essentially by col-
lision impact parameters vwhich greatly exceed the dimensions of the colliding atoms. Transi-
tion (1) is an important process occurring in the gas discharge of a gas laser (1-3 ]. If the
atom A* is in a metastable state, reaction (1) is called the Penning effect and can be in-
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