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Using the Green function method the dementary exatstions m noncollenisr sntiferromagnets of the trianguiar lattice have
been mvestigaled. The paper consists of two sections. In the first section the ground state s derived for the case when the angle
betwemn projections of magnetic moments of sublattioss on » plane s equal to 120°. Then the ciementary excistion specirum in

thus systans = calculsted
Recently, uqlhuunﬂndmm
afmlliﬂarhm have

in the same crystal plane at 120° batween cach other.
From Fig.1, il is cvident that sach arrangement of the
spins in the ground staic corresponds to three sublattices

forming 120°sngle, that leads 10 8 JE:EM

has been found. So far, the spin waves for such type of
systams has been studied Bl In this case the
spin keeps o be in the (zx)-planc due 1o the single-ion
iype anisotropy with casy axis (z-axis). The behaviour of
this mode under the influence of skin-lattice coupling is
considersd in the second section.

Spia Ware
We aart with the Hamiltonisn

H= Y, ZJI’R 15,5, —nZIs‘Tm
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where 5,.75, 7S,, are the spin operators for the
sublsihices 1,2 and 3, respectively. Hore the primed coor-
dinste system (x*, ¥, z*) is defined by the arystal axes.
The casy axis single -ion anisotropy ficld is the z°-
darected.
ﬁ'-::mm ion of the spins is shown n

We pow define three unprimed coordinate systems
(X ¥ioZ1) s (Xz,¥2-%3) and (x3,¥3,23) by taking
the =, z; and z, directions to be the equilibrium direc-
tions of the spins on the sublsttices 1,2 and 3, respec-
sysiem Lo the unprnmed sysiems is accomplished by
clockwise rofations around the y'-axis im the (2°x")
plane of 0°,8 and g, respectively.

Using the relationships between the new and the old
coordinaic systems, we define the spin components for the
three sublsttices in terms of the magnon creation and

annihilstion operstors 3,.a,:b.. b, smd ¢,c,,
whuch obey the usual boson commutation relations [5].

Thus
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where N is the total number of magnetic atoms, £, is the
pﬂuﬂhqﬁj-ﬁshhm&hqﬁ
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into (1) we represent the Hamiltonian in the form [6]

Hef # 8, +H,+. . . G)

where #; denotes the non-mteracting term, while 5, and
H; denote the bnear and quadrstic terms for magnon ope-
ralon, respectively
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H, = gs‘(sz[cosﬂ«rcnspi-cos (9—8)}+ D (1+cos’+cos’p)}

H = 1‘%thfsinﬂ+sinw (a,+a)-[sinf-sin(p-8))b + B)-

-|sin(p-8)+singlc, +c;JI+qsin2Bu:; +1h)+sin2¢(c, +c;}]

“@)

H, = Y {683, + £,b.b, +8,,Cic, + M;,(A,a,b, + 2,8, b.)+ M, (A, b,c, +
i

+4,b/c,)+ M, (Ac,

g, *A,cla)+ M (Aab+2,8Db,)+ M, (Abc,+

+ A,5[C,)+ M;,(A,c,3, + A,618, #D, (b, b, + B, b, )+ Dy(c,c, +cicl)}

where

&, =25[-Jz (cos@+cosg)+D] ;
M;,=J5-z(cosf11)

£, =25{~Jz[cos@+cos(¢-0) ]+
+D(3cos’0-1) } :M,=JS- 2 (cospt1)
£,,=25[~Jz [cosg+cos (p—-0) |+
+D(3cos'@-1) } M5, =JS-z[cos (p-B) £1)

o)

2D,,=-DS-sirf@ ; 2D,=-DS-sirfe ;
A.==“§eﬂ
where A = R, — R, (shown in fig.1).
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Fig I. The equilibrium spn configurstion for the | 20*
structure. Upon Lhe inclusion of & z-directad
amusotropy Geld D

The ground staite of the investigation magnetic system
obtamable by the standard method of difforentiation =,
um the polar coordinate
;;=2szs.1rﬂ—s.m{p—ﬂjj-ﬂ-nnﬂ=ﬂ
& (6)
;-szfnnrt 8)+sing]-D-sin2¢=0

'M:ihmihmw
Hence the cxact solutions of these equations can be
obtlained, but it is practically very complicated duoc to the
cumbrous caiculations. To avoid the difficulty we have 1o

perform an approximation with respect to & and g
The result is

J-z
I.sin6=0 ; ﬂﬂﬂ-—m st g=—~0
(U]
2900=D ; eIt =20
I 2(J-z+D)

car, while in the second case the spins are to kecp 120° -
structure. Further we shall consider the second case.
Now we define the law of the spin wave dispersion in
the spin system with the 120°-structure. This is conven-
iently calculated in terms of thermodynamical two-time
functions, which, in turm, may be obtained from
ir cquations of motion. The required theory of the
functions is given in monography by S.V. Ty-

Weht“ﬁﬂmmb
fined by
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6L e-tr=((szce)fsyce))):
e e-er=((sycefsyee)))s
cte-e)=((syce)fsye)));
er(e-er=((syce)fsye)))
6y, (e-t)=({sie)/s1ee));
Gﬁr:-w:{(s;,f:.ljs{.rr}));

For convenience, we introduce S, (a=x,y:i=1,
2,3) ss a bnear combination of the magnon operstors

ta,;b, b, and c, 1 C, . Therefore, their equation



of motion, based on the Hamillomian &, in momentum
space is followmng

~EG, =S+ £,56," + (M}, - M)A G + (M}, - M JAG]

-5 =2, 6] + (M}, + M JA.GI” +(M], + M; JAG]
~EG,” =(853 - 2D,) G” + (M}, — M AG] +
+ (M3, - M3, )AGT
~EG." =(£,+2D,,) 6" + (M, + M_JAG, +
+ (M3, + M)A,
~EG) =(g;,-2D,,) G +(M}, - M;,)JA,G~ +
+(M;, - M;,)A,67
~EG, =(g,,+2D,,) G, + (M, + M, )JAG™ +
+(M], + M;,)A,6;
M,.=2zJS(cos8t1);
M,,=2zJS(cosptl);
M;, =2JS[cos(p-0)%1]:;

®)

Note, that these sets of equations can not be solved
cusctly for any value of k. Therefore, we shall perform an
spproxunstion with respect 1o k. After this approxmation
A, lakes the form

1 1
4 =4, 3 1+2:as-2-ak_‘) at

MNote also, the sum is carried out 4,, 4; or 4, in figurc
I &t obiamed 1‘!.
Using this the solutions of the equ (9) can be rewritten
=5 follows
- + ol (c HE - ri ) E +yitk )} =0 (10)
where

(k) =[205-41- 2, )+ Ds/2|x
x[.?JS-z(I-*J,JZ)-DSI

k=k,

vilk)= 2{[.!5:}’[1 -4, )4+ 51..]4.%,

:{Js-z{j ?-21,.]+205]]
ritk,)= 2{{J5:)’(1-1,_X2 +z__) +%x

){JS+:(?—41,_)—DS]lx
x{(2952)"(1-2, )(1+24, ) + DS x
1{JE-:(5+41._)+DS]'

The results of the solutions (7) at the terms of
siomn (11) have been also used. At k=0 the roots of the

equation (10) kead to the following cxpression

(an

E = ok, =ﬂ)=%r3J5-z—D.5} (12

DS
g,j E TfISJS 2+ 2D8)+ %lIPSIIS*I‘l*IEDSJ

We note that the obtained second and third terms,
terms type -39 (DS)’(3J5-2+180S) " and its higher
degrees are neglected.

The spin wave cacitation energy for this triangular
structure has been calculsted in the paper [3] at k=0
However, it is not very accurate calculations (one of the
solutions as to £ is zero, but in our calculation all three
solutions differ from zero).

We note that the solutions of the equ. (9) may be ob-
tained in another way. If to apply the group theory to our
spin sysicm, we may construct 3 unitary matrix. With the
beip of this matrix it may be (actorized the determinant
constructing from coefficient of the Green functions in
(9). As a result, we obtain the factorized determinant as in
(10). We also note that construction of the unilary matnix
muummﬂhmm
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EAHIHHE CTIHH-9OHOHHOTO B3AHMOAEACTEHSA HA JAEMEHTAPHBIE BO3EYKIEHHA B
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