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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vestigated experimentally [h'”. We show in this paper that if the atom A* is in a resonant
excited state from which a transition to the ground state via dipole radiation is possible,
then the cross section of process (1) will be larger than in the case of the Penning effect.
This means that the metastable A¥* atoms are more difficult to disintegrate by collision with
the atom B than A¥ atoms in the resonant excited state.

2, In calculating the cross section of the process (1) we shall assume that the re-
lative velocity v of the atom collisions is much smaller than the characteristic velocity of
the electron in the atom. In this case the frequency W(R) of the decay of the quasimolecule
A* + B at a given distance R between the nuclei does not depend on the velocities of the nuc-
lei and on the probability P(p, t) of ionization of the quasimolecule at the instant t, for a
collision with impact parameter p, satisfies the equation:

2 £) o (1 - B(p, )] W(R). (2)

dat

Solution of (2) yields the probability of the transition (1) for collisions with impact para-

meter p: oo

P(p) = 1 - exp(-fW(R)at]. (3)
-l

The probability per unit time W(R) of transition (1) with constant R (the frequency of the

Avger effect of the guasimolecule), is equal to [8]:

W(R) = 25 [V12(R) |2ee, )

where the indices 1 and 2 pertain to the states A¥ + B and A + B' + e of the quasimolecule,
and go is the density of the final states. It is advantageous to choose here as the unper-
turbed Hamiltonian the sum of the Hamiltonians of the non-interacting atoms, and to choose as
the perturbation V the interaction potential of these atoms

1
Ve et - e ), (5)
IR-rA+:rB| lﬁ-rAl |R+rB|

where ;A and ;B are the radius vectors of the atomic electrons measured from the nuclei cor-
responding to the given electron, and the vector R Joins the nuclei.

3. We are considering the case when the cross section of process (1) is determined by
a transition occurring when the distance between the atoms is large, so that the perturbation
operator (5) can be expanded in powers of 1/R.

Two cases are of practicel interest: (i) when A¥ is a metastable atom, and (i1) when it
corresponds to a resonant excited state of the atom, from which a transition to the ground
state by dipole radiation is possible. In the first case the matrix element of the operator
(5) in terms of the wave functions of the ground and excited state of atom A is exponentially
small at large distances between the atoms. This leads to a weak dependence of the cross sec-
tion for the decay of the metastable atom on the velocity of collision with the other atom

(it is proportional to 1r®(const/v)). In addition, the cross section of the transition may
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turn out to be insufficient, for the same reason, thus limiting the applicability of the
asymptotic method used in this paper to obtain the cross section of the Penning effect.

4, When the excited state A* corresponds to the resonant state, we can confine our-
gselves in the operator (5) for transition (1), in the case of large R, to the dipole-dipole
interaction:

Ve g E,F, - 30, DD, (6)

where 1 is a unit vector in the direction of R. 1In calculating the cross section we shall
assume that the atoms move on straight-line trajectories R = 3 +Vt during the collisions and
that the states of atom A are the s~ and p-~states. Resolving the direction of the momentum of
the p-electron of atom A parallel and perpendicular to the velocity direction, we obtain with
the aid of (3), (4), and (6) the cross section of the transition ¢ = fg 2rp dp P(p) for each
of the three possible cases. Averaging over the direction of the momentum of the p electron,
we obtain the cross section of transition (1) in this case:

2/5 ce2.2/5

2/5 2/5
o=t @ (& w2rdc +ido N-s7a2 . ™

Here &, = #/me? is the Bohr radius, C = (9canPhot(a))/6ha!2)/(m4e1°/ﬁ9), ¢ is the velocity of
light, fA the oscillator strength for the transition A¥ - A, and ophot(w) the crosg section
for photoionization of atom B by a photon of frequency w. Since ususlly cop

hot is of atomic
megnitude, the coefficient C is of the order of unity, so that the cross section of the transi-
tion in question is ~v"2/5, i.e., at low collision velocitles it is many times larger than the
characteristic atomic magnitude. This justifies the use of the asymptotic method on the basis
of which formula (7) has been derived.

The result obtained is valid if the width of the energy distribution function of the
released electrons is much smaller than the average energy of these electrons fw - I (i =
excitation energy of atom A, I = ionization potential of atom B). The width of the electron
distribution function is ~%/v, where r is the average time of the Auger effect of the quasi-
molecule A¥ + B, Since the Auger-effect time for collisions making the main contribution to
the cross section coincides with the collision time ~p/v, the foregoing requirement yields
® - I/4> v/p or

o> v2/(w - -%)2 (8)

5. We shall use these results to determine the cross section of the reaction

Hg(61Py) + Li(Cs) - Hg(6%s,) + Li'(cs™) + e. (9)

This reaction plays a definite role in mhd generators operating with a lithium (cesium)-

mercury mixture. Using the data of [9,10]

for the oscillator strength of mercury and for the
photoionization cross sections of lithium and cesium, we obtain on the basis of (7), for a
relative-motion energy of the atoms 1500°K, values of 1.02 x 10~* cr@ and 3.5 x 10~15 enf
for the cross sections of lithium and cesium, respectively. The large values of the cross

sections offer evidence of the correctness of the method used in their determination.
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We have investigated the effect of & microwave electric field of wavelength A = 10 mm on
the electric conductivity of several samples of n-InSb, and observed that the microwave field
ionizes the donor impurities. Owing to the small effective mass of the electrons, m* =
0.013 ny, and owing to the large dielectric constant, ¢ = 16, the wave functions of the donor-
atom electrons in n-InSb overlap even at relatively low impurity concentrations, ~5 x 1034 em~3,
and impurity conductivity comparable with the free-electron conductivity is observed at helium
(1-3 ]. The experiments were therefore carried out with highly purified samples
For two fixed temperatures, 4.2 and 1.1°K, at which the impurity
conductivity is respectively comparable with the free-electron conductivity and is much larger
than the latter, we plotted the Hall constant and the resistivity as functions of the microwave
field power (Figs. 1 and 2). Samples
measuring 2 x 0.5 x 10 mm were placed in front of a cylindrical waveguide, and the magnetic

temperatures

at temperatures down to 1°K.

The measurements were made in a 3 kOe magnetic field.

field was perpendicular to the plane of the sample., The sample parameters are shown in the

table.

Sample Nos. 2 3 4 7 10 11

Ny - Ny, em2® | 1.1 x 102 | 1.5 x 10*3] 3, x 1012 | 4.4 x 1033 | 1, x 10 | 1.1 x 10}*
bypo cr?/V-sec | 2.6 x 105 | 1.6 x 105 | 8.4 x 10* | 2.9 x 105 | 3.7 x 105 | 6. x 10°
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