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Resonance absorption of energy of external sound generators caused by interaction between the inertial
quadrupole moments of the impurities and the field gradient of the accelerations produced by the sound
wave (AQ interaction) is considered. It is shown that the contribution of AQ interactions in a one-quan-
tum excitation regime can be detected against the absorption background due to ordinary spin-phonon
(SL) interaction. Under two-quantum excitation conditions and when hypersound generators are used,
the AQ interaction contribution may be comparable with or even exceed absorption due to SL interac-
tion.

A theory of direct and Raman relaxation processes is developed, with both SL and Aq interactions
are taken into account. In the direct processes, relaxation of AQ interaction (inertial relaxation) contri-
butes appreciably only at high frequencies w (w > 10'' rad/sec). On the other hand in Raman relaxa-
tion processes of the electron and nuclear magnetic systems the AQ interaction contribution is com-
parable with and in many cases greater than the contribution made to the relaxation rate by the ordin-
ary SL interactions. It is shown that if AQ interactions are taken into account the inverse relaxation
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time for the Raman processes in many cases is a polynomial of the (13—15)-th power of the abso-
lute temperature (the first nonvanishing terms are proportional to the (5—7)-th power, depending on
the temperature range investigated and on the parameters of the system).

I N a coordinate system moving with an accelerated
particle, the latter is acted upon by inertial forces
capable of changing the state of this particle (nucleus,
atom, molecule, etc.). Assume that such a particle does
not have a spherically symmetrical distribution of the
inertial mass m;, and has a number of discrete or con-
tinuous energy levels. Then the interaction of the iner-
tial-mass quadrupole moment of this particle with the
gradient of the acceleration field (the AQ interaction)
can lead to absorption or emission of the energy of this
field by the particle. If the particle levels are discrete,
and the acceleration varies harmonically, then effects
of resonant absorption at emission of the acceleration-
field energy quanta are possible.

Such a situation arises when a harmonic sound wave
propagates in a medium containing atomic nuclei and
magnetic ions with spin § > 1/2, or ions with electric
dipole moments, etc. When the sound wave propagates,
these particles experience alternating accelerations
that vary with the circular speed of sound w. If the
inertial mass quadrupole moment of such a particle dif-
fers from zero and the energy of the acoustic quantum
hw coincides with the splitting energy between any two
levels 1 and 2 of this particle in external and internal
fields, then the interaction between the inertial quadru-
pole moment of the particle and the gradient of the ac-
celeration field, due to the elastic wave, will cause them
to absorb energy from the sound generator. Such a
phenomenon can be called acoustic inertial quadrupole
resonance (AIQR). The transition of the particles from
the excited state to the ground state by means of AQ
interaction of impurities with the gradient of the ac-
celeration field from the thermal vibrations of the

crystal can naturally be called inertial quadrupole spin-
lattice relaxation. As will be shown below, allowance
for this relaxation is particularly important in the case
of large splittings and in processes of relaxation in
which two or more phonons take part. AIQR can in prin-
ciple be observed in any quantum object where the AQ
interaction is not too small. Thus, for example, it is
possible to excite with the aid of AQ interaction reson-
ances of the type of ferromagnetic, paraelectric, cyclo-
tron, nuclear, magnetic, ferromagnetic, antiferromag-
netic, ferroelectric, antiferroelectric, etc. On the basis
of the theorem concerning the connection between the
resonant and superradiant responses“’ZJ , superradiant
analogs of all types of AIQR can be observed, including
phenomena of the spin-echo type.

1. HAMILTONIAN OF AQ INTERACTION

To obtain the operator }Ciq of the AQ interaction be-

tween the gradient of the acceleration field and an iner-
tial massive quadrupole moment of a particle j, we can

follow the derivation of the operator JC]E of the inter-

action between the gradient of an electric field and the
electric quadrupole moment®’ (Sec. 74). Assuming that
the laws governing the distribution of the charge in a
particle having electric quadrupole moment and a mass
having a carrier of this charge are identical, we obtain
immediately the form of the operator of the inertial
mass quadrupole operator by replacing the charge by the
inertial mass in the operator of the electric quadrupole
moment of the atoms and ions. We shall apply this
reasoning to obtain the operator JC{AQ'
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Let us examine a system of N identical particles
(i, k=1,2,...,N) having a spin § > 1/2, an electric
quadrupole moment eQ (see (74.1) of®?) an inertial-
mass quadrupole moment m;Q;, where e is the electron
charge. Let for simplicity these particles occupy in the
substance positions (sites) at which the point symmetry
of the internal field is axial (the axis is along the unit
vector zo) or spherical in the absence of a static mag-
netic field Hozo. The unperturbed Hamiltonian of this
system is

Ko =3\ Hoj, o= g.pHoSI + DIS:2— /uSi(8;+ 1], (D)

where g is the Bohr magneton or the nuclear magneton,
g7 is the factor of spectroscopic splitting along the
direction z,, S, (@ = X, y, z) are the components of the
effective spin of the particle j, and D is the constant of
the axial crystal field. In the case of nuclei with eQg

# 0, the constant D describes the interaction of the
gradient of the electric field with eQe[‘IJ .

Assume that a traveling acoustic wave with wave
vector k and circular frequency w produces periodic
displacements of the particles at the point ri, of the
quantity

2

x(t)= cos(wt-—krj)zmlu\.g, (2)

where €y¢ is the amplitude of the component of the

relative deformation tensor, and v is the speed of sound.

According to the foregoing, the AQ interaction is given
by
-2

Who= 3 ADBY, A= 5 BSF—S(S;+ D (3)

m==2

o ‘ 6.
Az)‘:“ = ui-ZE[S:jSij + Si—.]Sz"]v AZ)‘*'Z = aiJiTStﬂ»

1 1
By = — Qyqy Bt = — (ay, &= iuy1)~ (4)
2 15
1
B2 = 2—% (axx — ayy =+ 2iay,),

Ayt == eyg@? cos (wl — kri),
;= mQi[S;28; =) |, Suf =Sk i8S,

It is curious that the Hamiltonian Jcl'AQ can be ob-

tained from the operator of the interaction between the
gradient of the gravitational field and the gravitational
mass quadrupole moment"®’ by using the Einstein
equivalence principlem . According to this principle,
we can replace the gradient of the gravitational field by
the gradient of the acceleration field, and the gravita-
tional quadrupole moment by the inertial one.

Besides the acceleration field, an impurity in a solid
or a liquid is acted upon also by the usual spin-phonon
(SL) interaction, due to the presence of internal local
magnetic and electric fields and their gradients. The
Hamiltonian of the SL interaction for a spin § > 1/2 is
usually written in the form'*"

Hse = D\ [GapySaSp -+ FapysHoaSp] uys; (5)
ap

v
a.B.y.E=ury.5;

where GaBy£ and Faﬁy

tensors of the SL interaction, which do not depend on
the frequency of the phonons w or on the components of

g are the components of the
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the constant external magnetic field H . As follows
from (4), the AQ interaction can also be treated as a
unique spin-phonon interaction proportional to the
square of the frequency w? and containing terms both
linear and quadratic in the spin components.

The SL and the AQ interactions act on the impurities
simultaneously. Both are proportional to u,¢. There-
fore the total Hamiltonian of the interaction between the
impurities and the phonon field can be written in the
form (the z axis is taken to be the quantization axis)

’%sph: Z‘ [QuprtSeSs + FoapyeHoaSp] uye, (6)
afvg
where, according to (4) and (5), Q is the tensor of the
spin-phonon interaction and is expressed in the follow-
ing manner in terms of the G-tensor and the parameters
of the AQ interaction (G; tensor):

Qasvt = Gapyr + ©*(Gi)apyt, "

where the components of the G; tensor in the Voigt nota-
tion are given by

(Gi)a=—2(Gi)1s= —2(GC})zs = —,

(Gi)ss = —2(Gj)an = —2(Gi) 11 =2(Gj)n = __(_Iz_i
i
5
The remaining components of the G; tensor are equal to
zero.

According to (6) and (7), the most general form of

Gcsph is

(Gi)ss = —(Gj)u=

Hyp Z[ﬂgé) + wz;m;g] = ML+ m’-’é‘fﬁé. (8)

At the present time, three methods are used in the
measurements of the tensors of the spin-phonon interac-
tion: a) the method of static deformation®®!; b) the
method of acoustic nuclear and electron magnetic
resonances ™' ¢) measurement of the spin-lattice
relaxation time.

In method a), as follows from (7), only the compon-
ents of the G tensor of the SL interaction are measured
(w = 0). On the other hand, when method b) is used, one
measures the components of the Q tensor to which
contributions are made both by the SL and the AQ inter-
actions. Depending on the signs of the G and G; tensors,
the components of the spin-phonon interaction tensor,
measured in accordance with a), can be either larger or
smaller in absolute magnitude than the components
measured by method b).

Thus, by measuring the components of the spin-
phonon interaction tensor by methods a) and b) and de-
termining their difference, we are able to determine by
the same token the components of the tensor of the iner-
tial quadrupole moment. Obviously, the values of the G
and G; tensors can be measured by using only method
c), by measuring the values of Q at two different fre-
quencies w = w; and w = w, and solving the corresponding
system of the equations from (7). An analysis of the
available experimental results'® "' shows that, as a
rule, the constants of the spin-phonon interaction ob-
tained by methods a) and b) differ little from each other.
For example, for Mn®" and MgO the components of the
G tensor (in the Voigt notation) obtained under static
deformations are G,;; = 1.3 cm'l/deformation unit and
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|Gasal = 0.28 cm™'/deformation unit, whereas those ob-
tained at w = 6.28 x 10'° rad/sec are Gu

= 1.4 cm™!/deformation unit and G, = 0.28 cm™'/deform-
ation unit. If these differences are attributed to G;, then
we get mjQ; < (107°—10"*) g-cm®. This value is close
in order of magnitude to the possible value of the iner-
tial quadrupole moment of the Mn?* ion. There is no
doubt that the presented estimate is only tentative and
indicates more readily that the inertial quadrupole mo-
ments of the impurities can be measured at the contem-
porary level of the experimental technique, rather than
yield its numerical value. Since an increase of the
acoustic-generator frequency by one order of magnitude
increases the fraction of the absorption due to the AQ
interaction by four orders, the progress in experiments
with respect to the measurements of m;Q; is directly
dependent on the progress in the development of hyper-
and terasonic spectroscopy.

In the case of nuclei, where the measured spin-
phonon interaction constants G lie in the interval
(107*°~107*%) erg/deformation unit, and w”m;Q;
~ »%(107*—10"" erg/deformation unit, measurement of
m;Q; by methods a) and b) is possible if very strong
magnetic fields and substances with small internal local
fields (such as molecular crystals) are used.

2. ACOUSTIC INERTIAL QUADRUPOLE RESONANCE

A. Single-quantum Resonance

The sound attenuation ¢ ‘’(w) due to resonant absorp-
tion of energy by impurity centers from an external
acoustic generator of frequency w = i"(E; — E,), due to
the SL and AQ interactions, is described according to
(8) by the formula

o (0) = osz(0) + 0a0(0),
352.(0) = (pvA) I mAmag(o) | 2| HEL 11 P = A ()] 2] s 15 e, ©)
AQ(®) == ' (0)[<2| HXG| 15 [} = 0P A (0) slag(),

where An is the population difference between the levels
(1) and [2) is a unit volume, p is the crystal density,
and g(w) is the form factor of the line. According to (9),
measurement of the absorption coefficient ¢'(w) at two
different frequencies of the external acoustic generator
makes it possible to determine the values of m;Q;
directly from ¢ ‘. The higher the frequencies of the
acoustic generators w; and w,, the more effective this
method. Since oXé(w) < oélﬂ(w), we get

W) _ +op o ) s o) (@0) o< LG I
= O =Ty .= Py
otV (w,) Yol (@ 7 @ () K2 SEFE 1> P

op [(2!3‘!}{8]1)!"‘ '
12| HIE0E
If the substance is excited in such a way that only one of
the components of the G or G; tensors differs from
zero each time, then, since
K210 [~ G0 1€2IHRG D]~ Y

it follows that
() [ 00 (wz) = 1 + 0*Ci 2 — 0£Ci#, C;i =i/ T

(10a)

B. Two-quantum Resonance

The specific dependence of the AQ interaction on the
frequency suggests the use of two-quantum resonances
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in order to enhance the effective absorption, due to this
interaction, of the energy of the elastic oscillations by
the nuclei and the ions. It is easy to see that in this
respect, a promising process is one in which an acous-
tic quantum hw, is absorbed, and a quantum hw, is
emitted (hw, - hw, = E; — E)).

The total Hamiltonian of the spin-phonon interaction
is written in this case, in accordance with (8), in the
form

H = L udy, cos(@yt — kyri) L+ FES udp, cos (wgt — kord)
+ 02 H56 udg, cos (0t — kyri) 4 02 5 cos (0at — kard),

(11)

The probability per unit time of the transition induced by
3¢’ in the impurity particle from the state |1) into the
state |2) is given by

e 2 > 12 .r
WE =2 Valtg (o)

o o LS pyp I LSS 1>
Vi = Sufende, | 1L 00 T
+oop [<2:.7ﬁ;{z|p><g|gt;{§l1_>
E,— hwy 4 il /2
o [<21 ARG py<p] :7f;',F-;1> n @1y p><p[.‘7£;’(§’ I 1>}
= Ep~—l|w,+zrp/2 Ep—j—husz—f—z[‘p/Z

2| LR pyepl LD
E,—hor4i /2

2| HLE | PP FEE 1>]
, =41 /2
E,,+ ha, - i1 p/ 12)

114 A0
T 0w, <2|9’{Kdyp><plaf/‘;b|_n+
1 Ep—hoy il /2

QUILE | PR FRE D i
Ep-i— ho, - il"P/‘.Z

where g’ (w) is the form factor of the line of the transi-

tion |1) — [2). Ep is the energy of the intermediate

state and I, is the width of the level E,. For the analy-
- p p

sis of (12), we assume that

DR Y. | it Q.
G~ (2| Hst| > ~<p| HE 1, CIH G P>~ KA |1 ~Ti,

O~ O] ~ O
G and G; will henceforth be called respectively the con-
stants of the SL and AQ interactions. The terms in the

square brackets will be denoted for convenience by
G5 (s=1,2,3,4):
Yl!‘ ~ QGZ, Ylgz ~ qw,’GGi, Y123 ~ qmzzGG,‘,
Yu\qG.l’w,Zmzz, 9= KE,—hw, +—;“ l‘p>~l + (Ep + hwy - ’é‘ I‘p)—!‘] ’
(Y12 Y12') ~ (Yi?/ Yaot) ~ (Gi/G)o = Cj?,
(Y12* Y1) ~ (Gi ] G)2wi2wa® ~ C20".
Since the coefficient o ®’ for the attenuation of the sound
at the frequency w, (and for the growth of the sound at

the frequency w,) is proportional to the square of the
modulus of Y,,, we get

(13)

o 2 D, . @ @ @, @, @, @
60— g, P+ cz(z)+ ng )+ 0 20187+ 2005 + 2010 + 035 + 0% + O -
o2 ~ Re(Yul) (Yh)* (14)

Let us examine the ratios
922 ~ 913 ~ Ci?0Y gy~ Ci*08, g & Cio? ~ 213 (15)

2 a
qu ~ Ci*o4 gy~ Ci?w®, ¢ ~ Ci3b ~ G

For paramagnetic ions in ionic crystals

G ~ (107°=107"%) erg/deformation unit, G;

~10™* g-cm®/deformation unit, and C; = (G;/G)

~ (107°°~10"") g-cm®-erg™. Consequently, to obtain q;;
on the order of unity it is necessary to have values

W ~w;~w;= 10%-10" sec™. At the present time
hypersound with circular frequency w = 27 x 10'° sec™
has already been generatedm] , i.e., the measurement of
the inertial quadrupole moments of a number of impurity
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centers becomes experimentally feasible. An increase
of w and the use of samples with small values of SL
interaction constants (for example, molecular crystals),
will greatly extend the range of investigated ions. As
already mentioned, for nuclear particles Gj

~ (107"—=10"*Y g-cm?/deformation unit, G

~ (107°—107%%) erg/deformatlon unit, and C;
~ 102%-10%° g-cm®-erg™!

Thus, in the case of nuclear quadrupoles, qj; =
be reached already at w = 10°°— 10" sec™, i.e.
well accessible range of hypersonic frequencies
For the vibrational levels of the molecules Gy

~ (107*—10"*’) g-cm?/deformation unit, i.e., they are
likewise presently promising objects with reSpect to the
measurement of Gij. However, in practically all cases,
at reasonable values of w and Cj, we can neglect in (14),
as follows from (15), all terms with the exception of

1 can

, in the
[11,12]

oiy’, oif’, and o ¥’
Consequently
o® ~ off (1 -+ 2410 + 2419). (16)
Since we can always assume that I‘p < hw,, Ep —hw,,
it follows that (E =hw ):
Gi= o,* Re [(@p + wy) ¢ 2| HIE* | pX<p | H 3G 11D (17)

+ (@ — 0)) 2| HRS | PRI KL 1] po7,
Po=[{0p — @) 2| AT I py<p | B 1>
+ (@p + W) 2| HE p><p | HIE | 1)),
G135 = w? Re [(w, + wy) (ZI% [p<p! yf“"]‘)
-+ (0p — ;) 2| “"lp><put’““ﬂ>1pn .

3. INERTIAL SPIN- LATTICE RELAXATION

A. Direct Processes

1t is obvious that interaction of the gradient of the
field of accelerations produced by thermal vibrations of
particles in solids and in liquids with the quadrupole
moment of the inertial mass of the impurities should
lead to processes of spin-lattice relaxation and to non-
radiative transitions in optics. To calculate the proba-
bilities of these processes, the Hamiltonian HéT{ of the

interaction of the impurity with the thermal reservoir
is conveniently written in the form (8), where u £
should be taken to mean the deformations produced by
the thermal vibrations of the crystal u(y?

hoy

. A
uff) = (_,l%) (@, exp {ik,7T} -+ @5, exp (— ik,ri})dyye, (18)

2Mz,'s
where
deyr = Dk’ + ky®Dys, K =k /[ |E],
<I>S7 is the y-th component of the unit vector of the

polarization of the s-th mode of the lattice vibrations,
Wk is the frequency corresponding to the wave vector
kg, vg is the speed of sound of the s-th mode, M is the
crystal mass, and af{s and ay , are the operators of
phonon creation and annihilation. Taking this into ac-
count, we get

W 2 (HEL + or, #3Q) W, (19)

In direct spin-lattice relaxation processes, when the
transition from the excited state to the ground state re-
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sults in one quantum of acoustic oscillations, both mech-
anisms act independently. Therefore we deduce the
same conclusions concerning their relative effective-
ness as in the case of resonant absorption of hypersound.
When the Debye model of a crystal is used, we find, ac-
cording to (15), that the probability of the direct relaxa-

tion transition due to the SL interaction (Wg7) and the

corresponding probability for the AQ interaction (WX&Q)

are proportional to the quantities

Wi~ o (ma+ 1), Wig~e (1 +1), (20)

n s the average number of thermal phonons of fre-

quency w, 0, = [exp(fiw/kgT) — 1]}, k is Boltzmann’s
constant, and T is the temperature. In direct relaxation
processes, WX’ can play an important role in splittings

on the order of the Debye frequencies, i.e., in the infra-
red region. Indeed, in this region of frequencies
W“’/W‘z’ ) ~ Cjw*; when C; ~ 10°~10® g-cm®*-erg™

and w 2 1013 sec”', this ratio is of the order of unity or
higher. It is probable that an appreciable role is played
by AQ interactions in direct processes of relaxation be-
tween the vibrational levels of the molecules, in view of
the fact that m;Q; for molecules is larger by 5—6 orders
of magnitude than the analogous quantity for the elec-
tron shell of the impurity.

B. Raman Processes of Inertial Spin-lattice Relaxation.

When kgT > fiw.;, more effective processes are not
the direct ones, but the combination relaxation proces-
ses (ion, nucleus, paraelectric impurity, etc.), going
from the excited state |2) into one of the lower states
|1}, with simultaneous creation of a quantum of lattice
oscillations hw; and annihilation of a quantum hw,,
h(wl - w2) = hway, ﬁwzx =E;,—E,.

In Raman processes of relaxation of electronic and
nuclear magnetic systems, the contribution of the AQ
interaction is comparable, and in many cases it exceeds
the contribution to the rate of relaxation of the ordinary
SL interactions. As shown below, when account is taken
of the AQ interactions, the reciprocal relaxation time
in Raman processes is in many cases a polynomial in
T of (13—15)-th power (the first zero-order terms are
proportional to the (5—7)-th power, depending on the
interval of the investigated temperature and parameters
of the system).

The probability of such a process per unit time will
be denoted by Wi2’. Using the Debye model of the crys-
tal we obtain

®p

9
S (w21 + )3 m’ﬁm(ﬁ(m+m,,) =+ 1) :

w. @ __
LI P YCIT)
T3RZp210

1)
X l D N (0, 0p, 02)[1 + 02012 4 (03 + ©)2 Qo
»

2
+ (021 + ©)? 0202 | do,

where p is the density of the crystaf, wp is the circular
Debye frequency,

Np(w, 0p, 021)

_ 15 p <ol 560 12)
W1+ @ — wp — iNwy/2

I ) o1 2
—o—0p—iAwy/2

Qizj is obtained from the corresponding expressions (17)
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by making the substitutions w, — w,; + W, W, — w.

The analytic dependence of W3’ on T can be analyzed
only in a number of particular cases, but these cases
cover a rather wide range of experiments. For the fre-
quencies of nuclear and electron paramagnetic resonan-
ces (w2 € wp) and kT > hwp, we have with sufficient

(kBT/hw)z’
A different situation arises in the other

accuracy ﬁw@w +1) ~ and consequently

W2 ~ T2,

limiting case, kgT < hwp. Assume that wp > Wiz, WP

Then .
o 2
W8 ~ { wsio (7o + 1) | SN (. 0p. 02) ! 11+ 020
[ r
+ (1)20112 + w‘()z‘vilg do. (22)
Therefore, making the substitution i w/kgT = x, we ob-

tain
e/T

@e __ p, ksT\' ¢ zitexpz
W, =B Zﬁ( 3 >f1 § 1y dz, (23)
Be= by ;ﬁhz Vipte 2 Npt (0. wp, 02) ’ 0 = fop/ky,
fi=1 fo=2Re[Qw"+ Qu°], (24)

f1e = 2Re(Q2%) + 2| Q1% + Q2472
fia = 2Re(Q12° + 00°) 022", fis = | Q22|

The quantities Qi’k are obtained from the correspond-

ing expression for Qiz.: atw=wp = Awp = 0, in accord-
ance with the approximation wp > wp assumed by us.
The quantity N%(w, wp, ws1) is obtained from

Np(w, wps w31) by neglecting w in comparison with Wp-

In the case when wp < w and kT < hwp we get

or
- ey TNi=2 - i3
W‘?x“ B 2( ,»,) fi g T_e—d-’v.

-~ (25)

The quantity B2 _is obtained from _Bal (see (24)) by re-
placing Ng by Ng The quantity NS(w wps Wi2) is 0Ob-
tained from N (w Wps w21) by neglecting in the latter

w,, compared wlth w, and the fa are described by formu-

p —
las (20). In the latter we replace Qa by Qa Qa are ob-

tained from the corresponding expressmns for Q by

putting in the latter wp = 0and w = wpy. An analys1s of

the expressions shows that they change very little with
changing w. Therefore, putting w = wp and taking Qf
outside the integral sign, we make by the same token a
much smaller error in the calculation than when we ap-
proximate the zpectrum by the Debye function. In the
case when w, S wp), the main contribution to W53’ is
made by the phonons in the vicinity of the point w = wp
(the so-called Ohrbach mechanism). The temperature
dependence of W43’ is in this case analogous to the tem-
perature dependence of the probability of relaxation by
this mechanism, i.e., it is linear when kgT > hwp and

fl(op)

W ~ exp( - P

when kgT < hwp. The relative contribution made to
W32’ by terms with different QIE can be readily estima-
ted from (21), where w must be replaced everywhere by
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w = w,. As noted above, the contribution made to the
relaxation by the AQ interaction can in this case be of
the same order as the contribution from the SL interac-
tion, and may even exceed it.

Particularly interesting, from the point of view of
determining the inertial quadrupole moments from the
relaxation parameters, are the cases (20) and (21). In
these cases the terms W3’ at different powers of T are
proportional to the Qiz. or to their products, making it
possible to determine m;Q; directly from the relaxation
measurements.

Thus, the interaction of the inertial quadrupole mo-
ment of the impurity with the gradient of the accelera-
tion field plays a very important role in the absorption
of sound and in relaxation processes occurring in solids
and liquids. We have stopped to discuss only processes
of resonant absorption of sound and spin-lattice (longi-
tudinal) relaxation. However, the AQ interactions
should influence strongly processes of harmonic and
Raman cross relaxation via the field of the acceleration
gradient both in the microwave and in the optical regions
of the spectrum, just as the SL interactions cause
analogous phenomena via the deformation field (phonon
field) (see, for example,m]). In addition, the AQ inter-
actions should be taken into account together with the
SL interactions in the investigation of the dynamic Jahn-
Teller effect, in the calculation of multiquantum non-
radiative transitions in optics, relaxation and cross-
relaxation transitions, in collisions of atoms and mole-
cules, in the investigation of effects of ordering in
solids, of the interaction between excitons in semicon-
ductors, etc.

The AQ interactions should influence also various
types of scattering of elementary particles and scatter-
ing of light by acoustic and optical phonons, including
the possible effects of stimulator scattering. As follows
from the foregoing, they should come into play particu-
larly strongly when the scattering gives rise to accel-
eration-field quanta of high frequency.
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