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Abstract. - ESR modes in the ground state of hexagonal ABX3-type antiferromagnets are discussed by taking a six- 
sublattice model for the spin structure. Results of ESR measurements performed on CsNiCl3, RbNiCl3 and CsMnIs are 
reported. Calculated frequency-field diagram is in agreement with experimental one. 

Hexagonal ABX3-type antiferromagnets such as 
CsNiCl3, RbNiCl3, CsCoCl3 etc. are one of magnetic 
systems of special interest, because they are good ap- 
proximations of a one-dimensional magnetic system 
and many of them undergo successive phase transi- 
tions owing to the spin frustration effect on the tri- 
angular lattice in the c-planes [I-31. To date detailed 
experimental and theoretical work has been performed 
to clarify the magnetic properties of the present com- 
pounds [412]. There are some brief reports on the 
ESR measurements made at the low-temperature re- 
gion [12]. However the resonance modes have not been 
understood even in the ground state. Recently we have 
made precise ESR measurements on the present com- 
pounds in the temperature range including the phase 
transition points [13]. In this note, we present the re- 
sults of theoretical calculations on the ground state 
properties of the resonance modes, and compare the 
experimental results with the calculations. 

The 'systems considered here correspond to sub- 
stances whose B ~ +  ion is ~ i ~ + ,  Mn2+ and v2+. For 
that case the Hamiltonian of the system is well de- 
scribed by the Heisenberg model with small uniaxial 
anisotropy with respect to the c-axis. Both the intra- 
chain and interchain couplings (Jo and J1) are taken 
to be antiferromagnetic. For easy-axis anisotropy case, 
spin moments in one-third of the chains are paral- 
lel to  the oaxis and those in the rest of chains are 
canted from the c-axis. For easy-plane anisotropy case, 
spin moments form the 120'-structure in the c-planes. 
Since the intrachain coupling is antiferromagnetic in 
both the cases, the spin arrangement can be devided 
into six sublattices (i = 1 - 6). The free energy at suf- 
ficient low temperatures may be expressed as 

where Mi is the magnetization of the &the sublattice, 

H is an external field, A and B are intrachain and 
interchain coupling constants, respectively, and K is 
anisotropy constant (A >> B, IKI). 

The normal modes for the motions of the sublattice 
magnetizations are obtained by the solutions of the 
set of equations, dMi / dt = y [Mi x Hi] , where Hi 
is the mean field acting on the Gth sublattice and is 
given by Hi = - (BF / BMi). When A >> B, IKl , the 
above equations of motion can be analytically solved 
for H//  C+ and H I C. Calculated frequency-field 
diagrams for the easy-axis (K > 0) and easy-plane 
(K < 0) anisotropy cases are shown in figure 1, where 
a condition B = 2 1K1 is taken as an example. In 
the spin-flop phase for K > 0, the c-plane components 
of the spin moments form the 120'-structure, and for 
K < 0, the components of spin moments projected on 
the plane perpendicular to the external field form a 
triangular structure. In general six kinds of modes are 
obtained. The observable modes are such that the to- 
tal magnetization is in motion (pression or oscillation). 

For easy-axis anisotropy case, a gap-less wl-mode 
given by w / y = H ( H I C )  attracts our attentions. 
In this mode, M1 and M4 corresponding to the spin 
moments parallel to the c-axis do not move. For 
K > 0, the interchain exchange interaction and the 
anisotropy compete with each other and the spin struc- 
ture is determined on the balance of the both. This 
competition is responsible for the lack of the gap en- 
ergy of the wl-mode. This wl-mode has actually been 
observed in CsNiC13, RbNiCl3, CsNiBr3, RbNiBrs 
and CsMn13, all of which have easy-axis anisotropy 
and form the triangular structure in the ac-planes in 
the low-temperature phase. The other notable mode 
forK>O is the w5-mode whose gap energy lowers as 
the ratio K / B decreases. For H//C, the ws-mode 
shows softening and its frequency goes to zero at the 
transition field H, = d-, Where Mo is the mag- 
nitude of the sublattice magnetization. 

Shown in figure 2 are experimental frequency-field 
diagrams for CsNiCla and CsMnIa, where solid lines 
denote the theoretical curves calculated with parame- 
ters given in table I, where the anisotropy constant K 
and interchain exchange field constant B are estimated 
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Fig. 1. - Frequency-field diagrams for (a) easy-axis (K > 0) 
and (b) easy-plane (K < 0) anisotropy cases. Solid and dot- 
dashed lines denote observable and unobservable modes, 
respectively. 

Table I. - Magnetic parameters of CsNiClsand 
CsMn13, where 6 denotes an angle between the canted 
spin moments and the c-m's at H = 0. 

from the trimsition field H, and the gap energy of the 
w5-mode, respectively. Calculated values of fields for 
resonance are in agreement with the experimental re- 
sults. For RbNiC13, the ws-mode could not be observed 
in the frequency range higher than X-band. Therefore 
B may be fiarly greater than K in RbNiCls. Details of 
the present study will be published elsewhere [13]. 
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Fig. 2. - Experimental frequency-field diagrams for (a) 
CsNiCla and (b) CsMn13. Solid lines deinote theoretical val- 
ues. 
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