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In an investigation of tire lov-frequency branch of the spectrum of a.ntiferrornagnetic

resonance (ml4R) in CoCO, in the frequency range 1T - 55 Gttz, ve observed. a strong spl i t t ing

of tlie AIrillR spectrum. Coba1t carbonate belov TN = lB.IoK is a rhombohedral antiferromagnet

vith veak ferronagnetisn, vir ich arises as a resuLt of tkre t i l t ing of the spins of the Co'+

magnetic ions, Jying in the basal plane.,

Single crystals of cobalt carbonater/ "."u prepared. in the forn of d.iscs and spheres of

- -/The authors are sincerely grateful to N. Iu. lkornikova for suppJ-ying the CoCf3single crystals.
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0.3 - 9.8 mm dianeter. The plane of the disc alvays coincided vith the basal plane of the

crys ta l .

It was observeil in [l], in an investigation of the lov-frequency brancir of AllvlR in CoCO,

in the frequency region tO - 185 GIiz ancl at T = l+.2oK, that t]re frequency depenilence is

given by the expression

f2 = Lrpo cltz2 /uoe H + 2r.7 c:Ilzzkoez fiz.

Figure l shovs a plot (curve 1) of this fonnula. Our results for sample l at l+.2oK are

marked by circles.

lhese results were obtained in tvo runs. In the f irst (open circles) the sanple was

placed at the end of a short-circuitecl waveguid.e for the B-rnn band. and. the anplified. signal

correspond.ing to the change of the intensity of the reflected nicrovave power was recorded

with a"n xy plotter. In these measurementsrthe high-frequency component of the nagnetic f ield

vas paral lel to the basal plene. In the second nrn (dark circles) the sanple vas placed in

the center of a tunable resonator and the microrave coaponent of the nagnetic field vas

paral lel to the C, axis. f t  is seen from Fig. 1 that the results of the two experiments are

in goocl agreement. At frequencies higher than l+6 GHz, a nonrnonotonic d.ependence of the

resona^nt field on the frequency was observecl. It is also seen from the figure that our

points approach curve I far from the \5 GHz frequency. In the vicinity of \6 CUz, however,

a splitting of the Al'l.,iB spectnrm is observed..

Sanple t had. ttie form of a cylincler and had, the smallest line vid,th of all the sa.nples

investigated by us (y = f0 0e). Control me&surements vere made on tvo other samples, in the

form of a disc and a sphere, the rninimum line wid.ths of vhictr vere 100 anO 65 Oe, respec-

tively. They also revealed, the sane type of splitting near f = l+6 GHz, but ttre magnitude of

the splitting was I.5 - 2 times larger than in the first sample. The d.ata for the sphere

are shown by the tr iangles in Fig. 1.

I'Ie investigated the angular depenclence of the resonant field by placing the sample on the

narov wall of the vaveguide at a d,j.stance 1.5 rm fron the short-circuited. end.. We ob-

served. that the relat ion HU = I i ' /sinO, vhere 0 is the angle between the direct ion of the ex-

ternal- magnetic f ielci  and the C, axis and HO is the resonant f ield at 0 = 90o, taken fron

curve 1, is satisf ied far from the frequency at which the spl i t t ing takes i l lace.

The angular depend.ence near the splitting f?equency uas more ccrnplicated. The results

are shown in ! ' ig. 2, where the abscissas represent the proJection of the f ield on the basal

ptane (ttasinO). ' Ihe frequency at vhich the spl i . t t ing takes place apparent\r decreases vith

decreasing 0, i .e.,  with increasing Hr. At present we st i1l have no d.ata for higher fre-

quencies to be able to d.escribe this d.ependence.

It vas observed that the raagnitude of the splitting ilepenils strong\y on the temperature.

' i r lhen the temperature is Lovered to l . loK (f ig. :) ,  the spl i t t ing inereases and va^nishes at

T = 10oK. I'igure lt shovs the temperatr:re dependence of the relati.ve resonant field H/Hu.

We see that the spl i t t ing decreaseg sharply between 5.5oK and 7.0"K. An increase of the

resonant f ield, of equal nragnitude for both frequencies, occrlrs above 8.5oK and is d[e to the

263



d.ecrease of HO.

We investigated. the AFI',E d,ependence for IvlraCO3 I which has the sa'rne crystallographic a^nct

magnetic structures as CaCOa, in the frequency region frqn 2l+ to 52 GHz. I'lo splitting vas

observed..

It is seen frcn the results that the elenentary-excitation spectrirm of the investigated

CoCO, crlstals has an acl.tu.tional branch (of flequency f = \6 GHz) at small val-ues of the

wave vector k), vhich interacts strongly vith the spin-system osci l lat ions. We are unable

at present to propose a satisfactory explanation of the obsenred effects.

We note that this bra^nch cannot be the high-fYeguency branch of the Af'MRr which is

shown by specific-heat measurements to 1ie rnucir higher [3]. One nig]rt essume that the l+6

GHz frequency correspond.s to the oscilLation frequency of the nagnetic mcrnents of some im-

r  , .  f * .
purl1, les \say i{n /  in the effect ive f ield produced by the anti feronagnetic sublatt ices.

However, our results on the temperature dependence do not agree fully with such an assurnption.
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The spin osci l lat ions could change into acoustic phonons of definite frequency (^' \5 CHz)t i f

the crystal- vere to contain regions, vi th characterist ic t l i rnension tu1000 i ,  in which the

antiferroroagnetic structure 1s highly distorted. Such an asstuaption, howevert has at pre-

sent neither theoretical nor experimental confirrnation.

In conclusion, lre are deeply grateful to P. L. Kapitza for constant interest in the

uork, V. A. l 'ql in for useful cl iscussions, and M. E. I{ysin for help in preparing the experi-

ments.
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