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Dynamic Ruderman-Kittel-Kasuya-Yosida indirect interaction
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We consider the Ruderman-Kittel-Kasuya-YosidRKKY ) interaction between two spins, when they are
affected by a frequency-dependent magnetic field. It is shown that the RKKY indirect interaction, i.e., value of
the coupling, its spatial dependence, and the periods of spatial oscillations, in the three-dimensional free-
electron gas for transversal component of the spins depends on the frequency. For the high-frequency range
ho<ep three main uncommensurable periods of oscillati@ps (1+v2)kg, (\f 1)kg are found. The
spatial dependence of the coupling for lakge contains terms proportional 1© ! andr ~2. The value of the
coupling is of the orderkzr)? as much as in the static case. For the frequency range e- the dynamic
RKKY interaction contains the terms whose values and spatial periods are determined by the frequency of the
magnetic field. It is shown that there is a frequency-dependent anisotropy of the dynamic RKKY interaction.
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The spin polarization of a degenerate electron gas has A2
been used to describe the couplifthe Ruderman-Kittel- J(o,Rijj)=— %V, 2 x_+(q,0)exigR;)),
Kasuya-Yosida(RKKY) indirect interaction between two o'
spins in metals. Nowadays such RKKY interactions are in- R —R_R. 3
iRy

vestigated widely, particularly with the problems of
coupling in magnetic superlattices.

However, in the well-known RKKY interaction between
two spins it is usually supposed that the spins are not af-

In Eq. (3), the real part of the transversal component of
the nonuniform dynamic susceptibility of the electron gas is

fected by a frequency-dependent magnetic fistdtic case 29%u? fio1(1=fiiq)
We will consider the RKKY interaction, when our system is x_ (g )= v — —‘h ,
affected by a frequency-dependent magnetic fidighamic 0 K CkiqlT €T N@
case. We suppose that this external field is a circularly po- o2 4
larized uniform magnetic fielth * (t) of the frequencyw (the € o= €+ uHoo, € :ﬁ
dimension of our system is much less than the wavelength of Ko™K 07Tk 2m
a high-frequency electromagnetic figld S
The response of a system of localized spit such a For Fermi distribution af =0 we have

field has a rotational component that is determined by the

field H™ (t). Let us consider the RKKY interaction between Y. (Qw)=
the rotational components of two spitﬁi{’ and S;". The R
RKKY mechanism is produced by a contact potentiabe-

tween the localized spifiposition R;) and the conduction +g(w_ kai)), (5)
electrons,, (positionr). For our component¥ is given by

12m,uzgsz< 1 . 1 (o ko)
— |zt 79w,
Vo  hlkE "k ForE

V=—AS s;8(r-R)), (1 |\here
2w?—h?gkE |me+ hqu\
whereS™=S,*iS, . g(w,keg)= 3 (6)
Each conductlon spin therefore experiericas effective ha'ke
field and the Fourier transform of this field is ¢y, Ho=0
Her(0,0)=—A/(gu)S;(w). The response of an electron gas
to such field is determlned by the transversal component of hg?
the dynamic susceptibility_. (q,w). Then the induced rota- wr=oto (7)

tional component of the conduction sgEp arises; this com-

ponent is caused by the alternating magnetic fi¢lg. An- kg, andkg, are the Fermi wave vector for spin-up and spin-
other localized spin in positioR; interacts with the induced down electrons respectively.

rotational component. As a result, we have the effective |t is necessary to note that the frequency dependence of

interactiorf to a second approximation M J(w,r) is very essential. Moreover, the value of the cou-
pling, its spatial dependence, and the periods of the spatial
Hrixy =I(@,Ri)) S (0)S] (o), (20  oscillations are frequency dependent. Note that the sign of
the functionJ(w,r =R;;) corresponds to a value of a differ-
where ence of initial phase$¢ between the alternating rotational
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componentsS;” and Sj+ (the plus sign ifé¢=0, the minus In this frequency range, besides the term that is propor-
sign if 8¢=). The largest value of the coupling is in the tional to cos Xgr/r3, there are terms which have slow spa-
frequency rangérw~ eg . tial dependence, ? andr ~ 1. These terms are determined by

Let us present now the results for two frequency rangesthe frequencyw. Although for ur<1 the main term is
ho<er andho<e:. We obtain the results following the cosXgr/r3, for ur~1 there are essential oscillations of the
mathematical schem@&ef. 6: the contour of integration in coupling with the period R, which are amplitude modu-
Eq. (3) is deformed to go infinitesimally above a cut along lated by an oscillation with the large spatial periad?.
the realq axis extending frong; to —q; in the complexq These oscillations have an amplitude that is also determined
plane, where at- q; there are the logarithmic singularities of by the frequencyw.
the functiong(w,kg). In the dynamic case these functions Let us now note that for a static RKKY interaction a
generate quadratic equationsjrand the roots of these equa- coupling is the same for all componerisand_l), therefore
tions determine the logarithmic singularity. a pairwise spin interaction between two spirend]j is pro-

We derive results fod(w,r), however, the general for- portional to co®d;; . For a dynamic RKKY interaction there
mula is very cumbersome for all valu&gr. Therefore we is a different situation. Indeed, by the action of a circularly

present results fokgr>1. polarized frequency-dependent magnetic field there is the ro-
When (e —hw)/ez<1, we obtain tational component of the spins and their pairwise RKKY
interactionJ(w,r), which depends on the frequency of the
A’Nm magnetic field. However, the component of the spins is
Io,r)= 4mVoh’r 2{cosker comr+(y2-1) static and their RKKY interaction is determined by the well-

known functiod J,(r)~cosgr/r3 for largeker. We intro-
X cog (1+2)ker]—(y2+1)cog (V2—1)ker]t  duce the anisotropy of the dynamic RKKY interaction

Hwn)-3,
A(w,r)=—(w;z(r) Ul

The anisotropy of the dynamic RKKY interaction between
) two spins depends on the frequency of the magnetic field and
Xsin[ (V2—1)ker 1} |, (8 on the distance between the spins

! 2 sirk 2\2-1
+@{ sirker coer+( ) (10)

X sin (1+v2)ker ]+ (242 +1)

2

wheree=[(2m)/h] Y ex— hw)Y2 | a

2

Note that the static cabés determined by the static non- Alw,r)~ (Ker) (
uniform paramagnetic susceptibility,(q) of the electron
gas. cljnztionftrast:] tofthe sltatltc case, Whetrﬁ ”r‘]‘?fﬁ f's only one The anisotropyA(w,r) is not equal to zero if the fre-
Eerf) dF or | el ree—?hec ront_gia(sj, n de 9 'f:ﬁqUSQCK@uencym&O and only forw=0 the RKKY interaction is
: ‘;’ 6':,[. ynﬁmlca casell etsg? 1a epder;hence 0 the proportional to co®;; . The anisotropy increases with the
pieracton s s complcatd fr and ereare ree Mot of e requehcy an f has @ maimunta-c.

5, E> . > . . . .
(V2—1)ke. The reason is that in the dynamic case quadrati For large distancels.r>1 the dynamic RKKY interaction is

: . ?/ery anisotropic WithA(eg,r)~ (kgr)?>1.
equations are different fag(w.) andg(w_). The rootsq, The dynamic RKKY interaction might be observed in the
of these quadratic equations in the first orderefk: are

. neutron magnetic scattering experiment. Let us consider a
ke*e, (V2+1)kg . In the static case there are only two roots - o ;
q»F= +2(k,: for )thFe free-electron gas. The spatial ()i/ependenc?comIOOSIte system consisting of two thin ferromagnéﬁm)
I - .
is 1~ andr 2, which are slower than in the static case, - > FM1) and FM2) separated by a metallic layer
here there is 'the dependencé’ for the three-dimensional '(trilayen. A linear-polarized laser beams on the frequency
¥V lect ¢ plf th | £ th simultaneously imposed to both sides of the trilayer. By the
ree-e‘ectron system. 1 we compare the values ol i€ CoU ;i f 5 linear-polariz€diight there are excitedlinear-
pling for the static case and the dynam'lc case in this frebolarized dynamic components of spiSig(w) and S (w)
quency range, we have _the Same couplnjg |<fgr~1. But on the frequencyw of the FM(1) and FM2). And the spin
for kF2r>1’ in the dynamlc case the coupling is of the Ordercorrelation function between two components of spBis
(kFLr)t as muchdastlrl;l the staﬂ; cas?. thi h and S, for trilayers with different thicknesses of a metallic
et us consider the randew<e . In this range we have layer (under conditionkzr>1) can be determined in the
neutron-scattering experiment in the presence of pump la-

€F

o) 1| cosXgr ( N inur) sers
w,r~— cosur+ur sinur ' . -
r re In conclusion, we have shown that the RKKY indirect
4u sinur interaction for dynamic cases, i.e., the value of the coupling,
———— (1—2 cosXgr) its spatial dependence, and the periods of spatial oscillations,
r depends on the frequency of the alternating magnetic field.

This behavior is caused by the frequency-dependent dynamic
(9) magnetic susceptibility of an electron, which determines the
indirect coupling.

+8u? cosurcosXegr

whereu=(mw)/(hkg). | thank A. J. Freeman for encouragement.
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3 . o . %It is necessary to apply a powerful laser because the optical mag-
We follow the scheméRef. 2) in considering the RKKY inter- netic susceptibility is small. For example, the optical magnetic

action. susceptibility of Fe i1.14+0.14x 10 for \=6328 A accord-
4The componentS; (») and S; (w) have the same coupling. ing to G. S. Krinchik,Physics of Magnetic Phenomen@vios-
5A rangehw> e requires separate consideration; our preliminary  cow State University Press, Moscow, 197p. 337.



