1 / A 1
L= 5 @A)~ 1, Ta>1

In(8A/w)—1, Akl

It follows from Eq. (42) that when the current density
increases the damping of the collective oscillations
grows fast and for a current density j/j,~ (a/T)¥? in
pure superconductors (74 > 1) and for j/j,~1 in dirty
superconductors (77 < 1) the oscillations disappear com-
pletely.

CONCLUSION

We have studied sound propagation in superconductors
for arbitrary electron mean free paths. We have shown
that taking into account the force connected with the
transfer of momentum from the electron system to the
impurities removes the anomaly in the absorption found
in Vardanyan and Lisitsyn’s paper'® and that as a result
one obtains in the given approximation in (s/v)? the usual
BSC expression'® for the sound absorption. We studied

the effect of a current on the propagation of sound waves.

When there is a current present there occurs additional
dispersion for kvT~j/j, with a scale (j/jc)z which can
-easily be made considerably larger than the small pa-
rameter (s/v)?.. For relatively pure superconductors
TA >>1 at low temperatures and for sufficiently large
current densities the sound absorption increases expo-
nentially. This growth of the absorption is connected
with the diminution of the gap. Turning on the current
changes not only the gap in the excitation spectrum but
also the form of the Green functions.

As a result an interesting effect appears—in suffi-
ciently pure superconductors (TA > 1) turning on a cur-
rent leads in a wide range of temperatures T> a(Ta)?
to a decrease in the sound absorption.

We studied the effect of the current on the collective
oscillations in superconductors. The presence of a cur-
rent leads to a fast growth of the damping and at current
densities of the order of critical there are no oscilla-
tions.

In conclusion I express my gratitude to A. I. Larkin
and B. I. Ivlev for useful remarks.
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Quantum dynamical equations taking the variation of the populations and natural (radiative) decay into
account are derived for an electromagnetic field in matter on the basis of the mean commutator
approximation for the molecular transition operators. The magnitude of the decay and the corresponding
natural absorption line in the crystal are calculated, and the possibility of explaining the experimental

data on absorption in noble gas crystals on this basis is discussed.

PACS numbers: 78.20.Bh, 78.40.Ha

1. INTRODUCTION

In electrodynamical calculations, two basic approxi-
mations are used to simplify the exact system of equa-
tions for the system of molecules (atoms) and electro-
magnetic field: the semiclassical approximation widely
applied in quantum electronics, " and the quantum ap-
proximation of the theory of excitons, £2,3) which utilizes
simplification of the commutation relations for the sec-
ond-quantized operators of the medium under the as-
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sumption of constancy of the populations. The semi-
classical approach naturally includes the dynamics of
the populations and the nonlinear effects associated with
it; however, a quantum description of the field is ade-
quate for a description of spontaneous processes. Here
a new approach to an approximate description of the
medium’s operators is developed, allowing us also to
describe on a strict quantum level the dynamics of the
populations within the framework of equations which are
linear in all operator variables. This approach has an
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exactly defined sphere of applicability in which pro-
cesses involving the described quasilinear interaction
of molecules and field enter and scattering processes
involving a significant nonlinearity in the operator vari-
ables do not enter. The closed system of equations de-
rived here describes, as will be evident from its struc-
ture, nonlinear processes associated with transparency
transitions, the narrowing and displacement of the lumi-
nescence lines in strong fields, the dependence of the
dynamics of spontaneous de-excitation on the collective
state of the medium, etc., that is, a very broad spec-
trum of phenomena which are being intensively investi-
gated at the present time. However, in order to clarify
whether the described simplified physics of the enumer-
ated phenomena is adequate for a description of their
real manifestations, it is necessary to obtain the corre-
sponding solutions of these equations, which are non-
trivial in their mathematical aspects. In the present
article only the “natural” decay determined by these
equations is considered, and the corresponding absorp-
tion of light in noble gas crystals is estimated.

The essence of the “collective” approximation under
investigation consists in replacing the commutators for
the operators 13,2;‘“’ characterizing the /- % transitions
of the molecules (@) by their quantum mechanical av-
erages. (Here and below u denotes the label on an ele-
mentary crystal cell; a=1,..., 0 is the label for the
type of molecule in the cell.) This approximation corre-
sponds to a correct description of only the collective
variables of the medium, which depend on ﬁ{;“’" ina
quasi-additive fashion. The direct classical analog of
the present approximation is the Gaussian approxima-
tion for the central limit theorem in the theory of proba-
“bility.

The described method is discussed here in a form
which is only directly applicable to crystalline dielec-
trics containing localized states of molecular electrons.
(In fact, it may be applied, for example, directly as a
rough approximation to arbitrary crystals for processes
in the x-ray regime or may be appropriately modified
for the case of covalent or metallic bonds.) Only “pure-
ly electromagnetic” processes are considered; the
molecules are fixed and interact dynamically only by
means of van der Waals forces. It is assumed that the
remaining interactions are taken into account either
statically by the form of the molecular eigenfunctions
pi#® or are not taken into consideration at all,

The dynamical equations corresponding to the collec-
tive approximation are written down here for the given
model, with allowance for the natural radiative decay of
the molecular (exciton) vibrations due to radiative energy
transfer to higher spatial harmonics of the electromag-
netic field, As far as we know, this decay has previous-
ly either not been taken into consideration or was intro-
duced phenomenologically. We shall examine how plau-
sible is the tempting conjecture that the absorption spec-
tra of molecular crystals at low temperatures are prin-
cipally determined precisely by the natural decay, which
is calculated here on the basis of a general theory with-
out the introduction of any phenomenological parameters.
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2. QUASILINEAR EQUATIONS FOR MOLECULES
AND FOR THE ELECTROMAGNETIC FIELD

Thanks to the assumed absence of molecular overlap,
the operators B{¢*’ and P¥® commute for (pua)+# (vB) and
therefore the commutators C{£%),, =[P, P#¥%"*] cor-
responding to different molecules (pa) also commute.
According to this reason the collective approximation in
the present model is based on the approximation of av-
erage values for these commutators, which leads to
Bose-Einstein commutation relations:

“3:::"‘) ,23::‘3 ]= 6ua,vp(6u’ <i)::?)> - 6u' <i)t‘l‘?) >)~

A further simplification consists in neglecting the rates
of the transitions (P{4*’) in comparison with the maxi-
mum values obtained from the populations n{*® = (P{+*’)
and n{#®’; this is valid for fields that are not too strong
(Edppe < BW,,). Then

5 (e) B (k) + (pa) (ua)
[Py . Py I=n —n, ,

B8 BSM* 1=0 @1

((="1") # (1) or (ua)#(vA)), that is, the pairs B{*,
B{¢*)* pecome, apart from numerical factors, canoni-
cal variables of the type associated with the operators
for the creation and annihilation of quanta (here—the
operators for excitations of (kI)-transitions of the
molecule). In this connection the populations can be
arbitrary in magnitude and may vary in time.

Thanks to the commutativity of the operators asso-
ciated with different (kl)-transitions of the medium, the
approximation (2.1) allows us to consider these transi-
tions as independent degrees of freedom, where the num-
ber of these degrees of freedom for each transition of
the medium is proportional, in accordance with Eq.
(2.1), to its inverse population. The possibility of such
an interpretation brings.the quantum mechanical de-
scription of the medium as close as possible to the clas-
sical Lorenz theory, which obviously also explains the
possibility of deriving many of the results obtained in
terms of the theory of excitons within the framework of
this nonquantum theory (this fact was noted in*’), The
necessity of using the concept of an exciton generally
does not arise in the form of the theory expounded here.
In this connection the operators of the medium are de-
scribed directly in a basis of unperturbed Hamiltonians
of the molecules, as this is done in the theory of the
laser, *?

The quasilinear approximation consists in taking ac-
count of only the nonlinearities associated with a varia-
tion of the populations. It is obtained either by replac-
ing the medium +field Hamiltonian with a quadratic ap-
proximation with respect to the operator variables, or
by an equivalent transformation of the exact equations of
motion, This amounts to replacing the quantum-number
operators 7{** = B{¢* in the Hamiltonian by a quadratic
expression in terms of the transition operators based
on the commutation relations

;‘h(‘u), I;l(r:a)]=(6kl_6tm)ﬁl(:|¢) ’
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the relationships (2.1), and the standard connection be-
tween the operations of differentiation and commutation
for Bose operators. By utilizing “coordinate” operators
X{#o) = plue) 4 PiBe) which are Hermitian and invariant
with respect to the direction of the transition, and the
“momentum” operator of the s-th (kI)-transition

~ () Ba)  7(na)
T, =W)Al(Pu —P, )

we obtain the following quadratic approximation for the
Hamiltonian of the molecule (ua)

]6‘“1) _Z ﬁ(l)mzh (a) =~ ﬁz, [(n(uu) LN m'z(i(.ua)) ]/n'm"

where n,w, = (§**) ~n{“*) (W) - w§**’), The last non-
linearity, which is eliminated in the quasilinear approx-

imation, is the nonlinearity associated with the terms
e’ 2 (pax) D ua)
—W[;IA (r, ) Pu (T)dV] Py (1)

in the Hamiltonian of the interaction of the molecules
.with the transverse electromagnetic field. Here pii®’(r)
are the matrix elements of the operator for the relative
molecular charge density, which is approximately equal
to the density of the electron charge. In the quasilinear
approximation

7 (na) (nax)
P., il Y Gu.

As a result of the described procedure for the quasi-
linear approximation, we obtain a quasilinear Hamilto-
nian and a corresponding closed system of equations for
the transverse electromagnetic field and for the molecu-
lar transition operators (in the derivation of the former,
the Thomas-Kuhn sum rule was additionally used; with
a high degree of accuracy this leads on the right hand
side to a concellation of the terms that depend on A)

T jor (r—ra) i
OA = — — .______.'—' 2. 2
¢ 2 iWas dt ( )
g v 2a..’ oo
e W W
2i 0 a) (. | f -
| _7;5 [n, y]a,(ralm)A(r t)dl ] (2.3)
dn,™® (ua\(vﬂv 8 =~ ) 1
_[F_" = Z<2 V L
+— [IA(r t) jams (r— r,.a)dV] A(")> . (2.4)

Here j,4(r) is the matrix element of the unperturbed
current associated with the s-th (I—- &) transition (with
its direction taken into account) for a type @ molecule
with coordinate r,, =0; n{**’ =n{*® —n{**’; in the sum-
mation over s and s’ these variables label the undirected
(I) transitions;

yoRen _ ¢ Pan (r—rya) poari (r—1yp)
R lr—r'}

avav’ (2.5)

denotes the Coulomb interaction energy of the transi-
tions, which determines the effects of the internal field;
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the brackets () denote quantum mechanical averaging.
This system of equations must be supplemented by the
appropriate initial conditions, which cannot be zero in a
quantum-mechanical consideration, owing to the non-
commutativity of coordinates and velocities. These
conditions are obtained by expressing the velocity op-
erators dx‘*®/dt and 8A/at at t =0 in terms of the ini-
tial coordinates and momenta of the molecular transi-
tions and of the electromagnetic field, which by virtue
of the principles of quantum mechanics are completely
determined by the commutation relations (and by the
law of averaging which is specified, for example, with
the aid of the density matrix)., The indicated expres-
sion is given by Hamilton’s equations that are conjugate
to Eqs. (2.2) and (2.4). For the molecules of the me-
dium these equations take the form

d_]'l:‘(uﬂ-)

(ua) 2i

7 —-En.‘““’ j s (t=T,a) A (1, 1) AV, (2.6)

dt

and the commutation relations determining the proper-
ties of the operators Xx{** and 7{*®) are such that:
27 27 1= 28100 Buriain ™™
and are equal to zero for the remaining combinations
[x x] and [m, 7].
The described system of equations is the simplest

form of the considered approximation of quantum theory
for the investigated model of a medium. These equa-

" tions are very similar to the corresponding equations

for the classical and semiclassical theories; however,
they also describe spontaneous processes and take satu-
ration effects into account. The essential factor in Egs.
(2.2) and (2. 3) is the nonlocal nature of the interaction
between the molecules and the transverse electromag-
netic field; as is well known, taking this factor into ac-
count leads to retardation of the waves inside the mole-
cules and to the appearance of radiative decay of the
oscillations. A calculation of this decay is given below,
revealing its specific characteristics in condensed media
in comparison with the case of an isolated molecule.

3. NATURAL DECAY IN CRYSTALS

Let us consider the obtained system of equations for
the case of an infinite perfect crystal and for time in-
tervals guaranteeing constancy of the populations, i.e.,
exact linearity of this system. In this connection
sources of quantum fluctuations of the transitions will
also be taken into account; these automatically cancel
the decay of the molecular operators, in complete agree-
ment with the principle of conservation of the commuta-
tion relations for dynamical canonical variables (in con-
nection with this point see, for example, %8%),

(ba)

Assuming spatial homogeneity of the populations g
=n,s, let us make the following transformations in the
system (2.2) and (2.3): In Eq. (2.2) a Fourier transfor-
mation with respect to r and a Laplace transformation
with respect to ¢, and in Eq. (2.3) a Fourier transfor-
mation with respect to the coordinates r, of the cell and
a Laplace transformation with respect to {. We obtain
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[(x+K)Z+£Z—] ,&(u+l\,p)-——4—pD*(x+K)x(u p+X(%,K,p), )
3.1
(pP*+ W —Wi)x (%, p) = I\W«ZD’( —x—K)A(x+K,p)+ ¥ (x,p),
7 (3.2)
where & is the volume of the elementary cell; X(x,p) is
a column vector with elements X,,(x,p); W2 is the ma-
trix of the squares of the unperturbed frequencies with
elements (W3)ys, 00sr =w2 0,4 orsr; W2 is the matrix of
the squares of the frequency displacements due to the
internal field having matrix elements

2m¢.n¢.

(W) aar = Z,V‘”“"“"exp(—m(mpa'—pu)}: (3.3)

D(k) is a row vector of the three-dimensional vectors of
the Fourier transforms of the dipole moments

.. (k) exp (ikpa) =ja. (k) exp (ikpq)/i0a.;

Nos,ars? =N 505, ars 1S the matrix of the inverse popula-
tions; X(x, K, p) and ¥(x, p) describe the contributions of
the initial conditions:

> - 2 1 2 , -
R K. p) = 2o A6+ K) £ - A0+ K) — 22 D (e 1K) 100 o),
. ' (3.4)
V. 1) = 1 () + i () — 525 NV Z D7 (— A0 1 K).
(3.5)

Out of the set of values K for the fields A(x +K, p),
only a limited number of reciprocal lattice vectors cor-
responding to strong coupling of the electromagnetic
field with the medium are of ultimate interest: in the
. optical band—only the value K=0 (for K+0 we have »
<K, c®?+(x +KPF>c2p?+u?), and in the x-ray range
there is the value K=0 and those values of K for which
Bragg reflection is possible. The totality of the remain-
ing degrees of freedom may be eliminated from consid-
eration with the aid of Eq. (3.1). As a result we obtain

(u’+1:;)?\(u,p)=-f‘i‘i’-n¢<x>i(u,p>+xw,o,p); (3.6)

T T (—x—K)D* (x+K
8"tp NWQZD( % ) (% )

2 W+
[” TWe-WE IS w+K)pi/c

]fc(n,p)

D(—x—K)X(%,K, p)
(%+K)*+p*/c?

(.7

=¥ (x, p)+_ﬁ_91vw°2
The term inside the square brackets in Eq. (3.7) deter-
mines the dispersion equation, and the right hand part—
the sources of quantum noise. In the optical band the
terms of the sum over K+0 in the dispersion equation
describe the influence of the interaction with high-fre-
quency oscillators of the field, the description of which
reduces to an evaluation of the sum

E D7 (—x—K) D* (x+K) /[ (x+K)*+p¥/c*].

K0

(Similar expressions have been investigated in the litera-
ture; however, the natural radiative decay associated
with them was not investigated. )

In the cited expression, all the terms taken separately
are negligible in comparison with the corresponding
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term with K=0. This indicates weak coupling of the
molecular vibrations with each such high-frequency os-
cillator of the field. However, in totality they all give a
finite effect as a consequence of the fact that the indi-
cated sum converges only owing to the cutoff role of the
molecular factor DT (- » —K)D*(x +K); an illustration of
the typical nature of this situation is the significant in-
crease of the estimate for the intensity of the quasi-
Cerenkov radiation from channeled charged particles in
a crystal upon taking all of the terms of a similar sum
into account. ' It has an order of magnitude exceeding
the order of a single term by A\/d times, As a conse-
quence of the nonessential nature of the individual terms
in this sum, with a high degree of accuracy of order
yd/c, where vy is the decay frequency, it can be replaced
by an integral which converges and is equal in the dipole
approximation to

T L ’ 7—~1 ’ P T
Q “_[D ()G D () le—r'| - av av” L, Hl(u)D.,].
Here D, denotes the row vector of the integral dipole
moments d,, and IT*(x) is a projector on the plane or-
thogonal to ®. The cited derivation is quite analogous
to the similar derivation for the decay of an isolated
molecule. The first term in the obtained expression
primarily describes a frequency shift analogous to the
Lamb shift for an isolated atom. The second term gives
the natural, i.e., not related to additional (apart from
polarization and electromagnetic) degrees of freedom,
radiative decay due to the presence in the crystal of an
infinite number of modes of the electromagnetic field
which are interacting with the crystal. This decay is a
collective characteristic of the crystal, being signifi-
cantly different from the decay of an isolated molecule.

Thus, the dispersion equation takes the form

det A (p) =0, (3. 8)

- 8
A(p)=p* + (o + W= Wy + (p2.+c2x2)7”-2-1vwo
C

xJ' j Ir—r’|=* D7 (r) II*D (') AV AV’ + :—g-NW‘,DO"HLDD) P

+ et (Wo—Wi) — :—i', (p*+¢*%?) NW,D,'TI*D,,

Here the last term determines the attenuation and a
very small additional shift of the frequency, analogous
to the shift of a classical oscillator.

Now let us simplify Eq. (3.7) that determines the
quantum dynamics of the transitions in such a way that
the only explicit expressions are for those quantum
sources, which describe spontaneous transition pro-

- cesses in the system to within its vacuum fluctuations.

The remaining sources of quantum noise, describing

as t - the equilibrium quantum noise and correspond-
ing to the terms of the summation over K+#0 in the right-
hand side, can be re-established as { -« from the fluc-
tuation-dissipation theorem (at T=0). With Eq. (2.6)
taken into account (at £ =0) we obtain

A(pyx (%, p)=(p*+cx?) [7 (%) + pX () ]

2pN W,
TheQ

“heo D [PA® () + A® () 1+ £ (p, %). (3.9)
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Here the influence of radiation damping on the quantum
sources of the transition processes is neglected on the
right hand side, the quantum sources being expressed
in terms of the initial operators for the medium and for
the field without taking the damping term into considera-
tion. The system (3.9) and (3. 6) determines the dy-
namics of the spontaneous processes in the approxima-
tion of constancy of the populations. If it is necessary

- to take their variation into account, then instead of Eq.
(3.9) one should start from its temporal form with the
inclusion of the additional equation (2.4) for the popu-
lations.

The complete investigation of the derived system of
equations represents a technically difficult problem, al-
though it is possible to obtain certain useful general
relationships for arbitrary crystals. Thus, by allowing
for the smallness of the damping term in A(p) one can
obtain the following formula for the decay of the natural
vibrations (polaritons):

(3.10)

dz.

Yiae (%) = —

3
2n

Q 0 s (@fas—C?x?) Z, 00 as
R T ) Yy

- where w;, () are the eigenfrequencies in the approxi-
mation without taking account of the decay. In order of
magnitude this expression gives the following result for
the exciton branch

Yai~[4,(0) —1] Q0,2

(since w;,./cn~gq4(0) for x~0). In the visible band
this amounts to ~10'° Hz (let us turn our attention to the
correctness of this estimate for the limiting transition
in the case of isolated atoms: -, £(0) -=1~Q?1~0).

4. COMPARISON OF THE NATURAL AND THE
EXPERIMENTALLY OBSERVED ABSORPTION

We confine ourselves to two-level molecules and
use the additional simplifying assumption that the en-
vironment of each molecule is spherically symmetri-
cal, so that the transition under consideration is iso-
tropic. In this connection we assume the molecules of
all types to be approximately identical and we shall be
interested only in in-phase oscillations of the polariza-
tion inside the cells. Then from Eq. (3.9) we obtain

{p4 + [%1 + caxz + 83_ﬂv2] p2 + cﬂxﬁ ((!)02 —_ -4—;‘—‘\72)
- zc—?p*‘ @ + e V’} P (x, ) = (7 + %) [P () + PP ()]

+p L (PAV ) + A% 001+ 800 ) (4.1)
where v2, P, B and £ the combined variables of all the
sorts of molecules. This expression is obtained in the
long-wavelength limit when'® v, ,.(»)=[(4/3)r1I*
—(8/3)n11"]d2/3Q, thanks to which the longitudinal and
transverse vibrations are separable; w, denotes the
resonance frequency of the molecules without taking ac-
count of the collective analog of the Lamb shift obtained
in Sec. 3: it is considerably smaller than the shift due
to the square of the transition’s plasma frequency, v?
=fnNe?/m. Here fn =~ (finy +fans) denotes the strength
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of the transition and N denotes the density of molecules.

Calculation of the decay reduces to a determination
of the eigenfrequencies of Eq. (4.1) with the damping
term dropped and a subsequent calculation of y; accord-
ing to the formula

30 o (of—c'x*) do;

N’

Yi(x)= (4- 2)

2nc® 2w+t

which is derived in analogy with Eq. (3.10). The eigen-
frequencies are given by the following (j =+, =):

02 ="/a {0+ smv+c* [ (0’ +/snvi+cix?) 2-46’%’(&)0’—‘/3:1\1‘)]"‘}.
4.3)
By utilizing (4. 3) we obtain from (4.2)

a et o

”.’J(‘A)=—3'f" T e lof—c*x?l.

4.4)

To calculate the linear absorption, it now remains to
determine %'’ =Im » as the solution of the equation +iw
=x4w,;(n) - v;(»)/2 for given frequencies w.

For the photon branch, i.e., j=+, the resonant prop-
erties of the true absorption are manifested at the fre-
quency w = w, = (w +87v2/3)!/2 determining the transition
to the region of total reflection. Since this frequency
corresponds, according to Eq. (4.3), to the wave vec-
tor » =0 in whose neighborhood the above-utilized ap-
proximation with respect to the small parameter »/K is
certainly satisfied, the calculation of the absorption for '
the given branch does not encounter any additional dif-
ficulties. It leads to a narrow curve x’’(w) having a
width of order ¥, = (1/3)nfnw2e?/mc?, localized in the
neighborhood of the frequency w, with a peak height
~ (7,@,)2/w and having a short wavelength tail y,v2/
cw?, These quantities are negligible in comparison
with typical experimentally observed values of the ab-
sorption, *19? differing from them by roughly four or-
ders of magnitude.

As to the exciton branch j = -, the resonant properties
of its absorption appear as » -«, i,e., actually for »
~Ryim; Ky is the limiting wave vector whose absolute
magnitude and direction depend on the orientation of the
crystal.

In an ideal crystal the width of the absorption line
should be ~ ¥ and the position of the peak should depend
on the orientation since a certain effective factor depend-
ing on the orientation appears in Eq. (4.3) instead of the
Lorentz factor 47/3. In this connection the position of
the peak may vary within maximum limits from w, to
w_=(w? ~4mv?/3)'/2, In actual experiments on solid
noble gases'®1%? one should obviously expect a rather
random structure. For provisional estimates it is logi-
cal to assume that this case leads to a broadening to a
value Aw~ w, ~ W_ whereas the height of the maximum is
replaced by a quantity of order 27(&_/Aw)*2/x corre-
sponding to the indicated broadening instead of the ex-
pression for an ideal resonance »’/ =27(w_/¥)'/A, In
the case of Ar for the transition A =1049 A and f=0. 20,
for the experiment ofm, this quantity is approximately
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equal to 4x10° cm™. The estimate given in®’ from the
experimental data is equal to ~3x10° cm™, The width
Aw in our estimate ~0.24 eV, and the absolute position
of this peak is not predicted due to rejection from the
dynamical investigation of the contribution due to non
van der Waals interactions of the atoms. The shape of
the absorption line for the given transition in™®? differs
somewhat from that predicted by the ideas under con-
sideration—in the first place by its width which is ap-
proximately twice as large in™’, Nevertheless it is
possible that in regard to lower temperatures (T =20 K
in®7) the mechanism under consideration retains a cer-
tain competitive ability with regard to the other absorp-
tion mechanisms. The experimentally observed narrow-
ing of the lines at very low temperatures attests to this.
In any case, allowance for the natural decay in the re-
gion of the resonances associated with natural absorption
is essential. As to the initial general equations of the
collective approximation proposed here and also pos-
sible generalizations of this method, their application to
problems specific to quantum electronics such as the
coherence of laser radiation, super-radiance, etc., is

of particular interest.
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Sound generation in a multidomain ferromagnet
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The generation of sound by a radio-frequency field in a multidomain structure, formed by 180-degree
Bloch walls, is treated by simultaneous solution of the equations of motion for the magnetization and for
elastic waves. It is shown that the effectiveness of the generation depends strongly on the orientation of
the radio-frequency field. Emphasis is placed on the large role played in the amplification of acoustic
oscillations by a magnetoacoustic resonator that involves both the acoustic properties of the specimen and
also the multidomain structure. From the results of the paper it follows that excitation of acoustic
oscillations by Bloch walls in a multidomain structure is quite effective and that these oscillations can be

detected experimentally.

PACS numbers: 43.35.Rw, 75.80.4q

1. INTRODUCTION

For detection of weak ultrasonic (US) vibrations, there
has recently been increasingly broad application of the
method of US modulation of MOssbauer radiation. This
method offers the possibility of measuring amplitudes
of the order of magnitude of a fraction of an angstrom.
US Moéssbauer spectroscopy has received its greatest
development in the study of ultrasound excited by a
radio-frequency (rf) field in ferromagnets. As has been
established, the principal mechanism of excitation of
sound is magnetostriction.'”? At the same time, experi-
ment shows that the theory of excitation of sound in a
single-domain structure (see, for example,'®3)) does not
fully describe the experiment of'". Additional clarity
in the understanding of the physical picture of the effect
can be achieved by use of the mechanism of excitation
of sound by Bloch walls.!¥ In this connection, it is of
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interest to investigate this mechanism on the basis of a
multidomain structure of the specimen.

2. HIGH-FREQUENCY OSCILLATIONS OF A BLOCH
WALL L

We consider a uniaxial cubic crystal of a ferromag-
netic material in the form of a plate with dimensions
LXd{Xd,. We direct the axis of easy magnetization
along x; then the plane of the absorber will be the xz or
vz plane when the smallest dimension of the plate is d;
or d, respectively (see Fig. 1). For simplicity we re-
strict ourselves to the case in which the specimen con-
sists of plane-parallel domains, separated by domain
walls perpendicular to the z axis. In an equilibrium
state, all the domains have the same thickness D; the
wall thickness is A. For absorber thicknesses charac-
teristic of Mdssbauer spectroscopy, the Landau-Lif-
shitz'™ model of the transition layer may be considered
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