
TABLE I.
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4.0
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4.5;3.3
4.5; 3.3

e A

+
+

+

e A

+
+
+
+
+
+
+

+

+

The creation of defects in alkali halide crystals takes
place in the same way under irradiation in the reactor
and with x-ray and vacuum-ultraviolet radiation. t 9 ] In
crystals with autolocalized excitons, the excitons decay
with production of Frenkel' defects.C1O: Excitons de-
cay most effectively with production of F centers and
interstitial halogen atoms.

Analysis of the causes of this unusual phenomenon,
which requires joint thoretical analysis of electron ex-
citations and structural defects in solids, has shown
that strong local oscillations arise at the time of tran-

sition of the monohalide excitons to the dihalide state,
leading to displacement of the XJ molecule to a single
anionic site with release of the other for formation of
an F center. In crystals of the MgO type, where ex-
citons are not autolocalized, it is impossible for highly
mobile excitons to decay into defects.
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Η. Η. Oiglane. Symmetry Properties of the La-
grangians of the Four-Fermion Interaction. The La-
grangian of the four-fermion interaction has the general
form

The behavior of the scalar Lagrangian
action of the Fierz transformation

under the

(5)

where

and

(1)

(2)

(3)

are the scalar and pseudoscalar parts of the Lagrang-
ian, respectively. Here the Γ( are the elements of the
Dirac group in the four-row representation (Dirac ma-
trix), with T=y5 the pseudoscalar matrix and/=S, P,
V, A, T. The coupling constants are generally com-
plex. To determine the form of the Lagrangian of the
four-fermion interaction, it is therefore necessary to
measure 19 real parameters in the experiment. Only
six of them have been measured thus far. The values
of the measured parameters in weak interaction pro-
cesses agree very closely with the Lagrangian of the
so-called V-A interaction:

T. A) = C « I (1 - V5 Υ5) ψ (4)

but from the experimental standpoint we may not as-
sume that the V-A interaction Lagrangian is the only
one possible.

has been studied in many papers. It is found that three
anti-invariant and two invariant combinations with re-
spect to the Fierz transformation can be formed from
the scalar Lagrangians St.

C1]

Let us consider this problem in the more general
case of the mixed Lagrangian (1). We shall require
that the mixed Lagrangian be a characteristic state of
the operation

(6)

We obtained six additional relationships among the con-
stants Ct from the requirement of the anti-invariance of
'£; onlyfour complex coefficients remain arbitrary. This
invariant contradicts experiment accurate to the CP-
noninvariant effects. From the requirement of invari-
ance of '£, we obtain four additional relations, and six
constants remain arbitrary. Reality of the coupling
constants follows from the requirement of T-invari-
ance. In this case, the only possible Lagrangian of the
weak four-fermion interaction that agrees with the ex-
perimental data is the Lagrangian of the V-A interac-
tion. It seems to us that the requirement of Fierz in-
variance is of interest only in quark interactions, al-
though the direct experimental data here are very few
in number.

It was shown i n E ] t h a t in the case of the scalar La-
grangian, all invariants and anti-invariants of the Fierz
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transformation can be expressed in the form

16 _ _

S Χ?' <ΨΛΨ2> (ψ3Ι\ψ4>. (7)

Here the χ}*' are elements of one-dimensional repre-
sentations of the Dirac group:

* = 1, 2 , · • · , 1 6 . (8)

We analyzed this problem for the case of the mixed
Lagrangian (1).

Since x'*' =x(»',C33 the Lagrangian of the V-A inter-
action can be expressed in the form

ir- i) = c Σ A*'" <Ψ· ( ' -

where

(9)

(10)

here y5<->xo<) is the element of the i-th one-dimensional
representation that corresponds to the matrix y5.

The Lagrangian of the V-A interaction is the only
Lagrangian that is symmetrical with respect to the
four-dimensional and one-dimensional representations
of the Dirac algebra.

The materials of the paper will be published in Iz-
vestiya Akademii Nauk EstSSR.
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Ν. Ν. Kristofel and P. I. Konsin. The Vibronic
Theory of Ferroelectricity. The electron-phonon (vi-
bron) interaction plays a significant role for many
physical processes in solids and causes a number of
striking effects. It now appears to be definite that the
electron-phonon interaction is also the microscopic
cause of the appearance of ferroelectric properties in
dielectric and semiconductor crystals with phase tran-
sitions of the displacement type. This conclusion fol-
lows from a relatively new theory, the so-called vibron
theory of ferroelectricity, which was developed in the
USSR by the authors of the present communication (see,
for example""3·1) and by Bersuker et al. (see, for
example, M > 5 ] ) .

In spite of the many theoretical studies, the micro-
scopic causes of ferroelectricity remained unclear for
a long time. The Ginzburg-Anderson-Cochrane theory
indicated the existence in ferroelectrics of a soft pho-
non mode in which the crystal loses dynamic stability
at the phase-transition point. The microscopic cause
of the appearance of the soft mode was seen in cancel-
lation of certain contributions of ion-ion interaction
forces to the frequency of an active mode. Further im-
provements of the dynamic theory in the direction of
more consistent allowance for phonon anharmonicityC6:l

merely assumed the presence of an imaginary bare
(unrenormalized) active-mode frequency.

The question as to the decisive role of the vibronic
interaction for the symmetry of the multinuclear skele-
ton of the physical system first arose in connection
with the Jahn-Teller theorem. t 7 ] This idea had orig-
inally been used in crystal physics to explain the aniso-
tropic properties of impurity centers (see, for exam-
ple, [ β · 9 ] ) . In the presence of electronic orbital degen-
eracy (or quasidegeneracy), the vibronic interaction
leads here, as it were, to local phase transitions.
Several authors1·10"14·1 later posed the question of anal-
ysis of Jahn-Teller situations on the band states of the
crystals. Spontaneous electrical polarization should
arise in odd limiting optical vibrations of the crystal.

It was therefore natural to seek the cause of the ferro-
electric transition in mixing of electron bands of oppo-
site parity by odd active vibrations. This idea led to
the creation of the vibron theory of ferroelectricity.

In this theory, a ferroelectric is described by the
Hamiltonian

(1)

which contains the electron-energy operator Sie of the
valence band and conduction band, the harmonic phonon
Hamiltonian Μ ph, the electron-phonon interaction
ο̂ β-piw a n c * a term $£„ describing the intrinsic phonon
anharmonicity.

Disregarding the role of 3£a for the time being (as is
justified for narrow-gap systems) and allowing for the
substantial renormalization of the electron energy spec-
trum by the vibron interaction <Si^vil, the part of the
system free energy that is active in the phase transi-
tion can be written

(2)
where V is the constant of the interband vibronic inter-
action, y, are the normal coordinates of the active
branch of the vibrations, Ak = e8(k) - ttik), and Ν is the
number of unit cells.

It is clear from (2) that the vibronic interaction in-
troduces an additional (vibronic) anharmonicity into the
system. Concrete evaluation of (2) requires knowledge
of the density of the bare electronic states of the
crystal. An effective gap Δ = 3 k can be introduced for
narrow bands. Low-symmetry lattice distortion ap-
pears if the equation 8F(T,yo)/Byo\ ϊ 0 0 = 0 has a solution
yoo>0 at T>0. This solution, with the usual behavior
of the order parameter yoo(7/) for a second-order phase
transition, holds below the temperature

*Brc=A(ArctM-., (3)
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