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Influence of Uniaxial and Biaxial Anisotropy

on the Spectrum in Systems with quuadratlc
Exchange

‘The spectrum of elementary excitations in systems w1thf"

. Helsenberg and biquadratic palr interactions, uniaxial and
biaxial crystal fields and in an external magnetic field .
consists of2S branches connected with changing the quantumn
magnetic number, Sz ,» by one, and 2S - 1 branches corres- .
ponding to [AS?] =

que, the expre551ons for spectrum for $=1 are obtained.
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- By applying the diagrammatic techn1~'
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The Helsenberg and blquadratlc exchange palr mter-
actlons with "an external- magnetic" field b , uniaxial D
and blax1al E crystal f1elds are of spec1al mterest / 1= ) 4/

Thie Hamiltonian has the following" propertles/"/ (here'k
we assume S = 1] ): only thermodynamlcal _a_yerages
«S% > = m, , q% +§* ? =qg, <§” —-3% =q9 (2)

are <different from zero. Therefor'e we select from (1)
a self-consistent field (in contrast to where molecu— )
lar field was consmered) as a function of order parame-
ters: (?) and ‘include 1t mto the zeroth order Hamllto—‘_‘
man : N e
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iy = 2}(01 }(0)=-hs D ”’2" TS
h =h+aImz, L - D+3Iq0,E E+—Iq2,l_»%%KiJ, N
(a + DI = Jlj . ‘ - (3)
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Then the Hamlltoman (I) takes the form
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where constant, C , and interaction, {‘ , are given in
/3-4/ .Under the unitary transformation, U= IIU;, with
U, presented in /3 , the Hamiltonian (4) becomes as follows

= C + H0+ \Y ;AH0= zHOi ; HOi =—AQI?—EQli3;

yv'l*'-y 8(5) ‘
] b

A2_-R%2+E? v_U+}{'U=---§ )Ii

i ¥8, py y3 pV(
where md1ces 5 .and pv runoverthe set{1223,12,2§13,13,1 9,
013 Q13 113 S 13 (A A—<A>) Iy.l’ _
y.V (P.V = 12 23) and Ql3 C 13 $13 Sl2 S23 are the
spin .one operators sz (SZ)2 (S‘)2 S Sz _,—S ST,
respect1ve1y, ‘in” the new representation. The Four1er !
transform of the symmetric interaction (in /3/ this inter- . |
action contains the operators A=A- <A>yp, and is present- o
ed in nonsymmetric form) matrix v+ - (k) (5) has the
form of the simple product of two 4x4 matrices. Elements’
of the first of them, \* "y - (k) connect the operators

p

- changing the magnetlc quantum number, S *, by unity and

those of the second matrix connect the operators changing
the _magnetlc quantum number, s*, by two, and diagonal

operators /4/

According to (5) wé defme the Green functlons as {
follows

-— : + ‘ v
G!“,, },3 (1= 1% i~]) =<TIE( )1’,’3( ') . KB)

 The 8x8 matr1x Green functlon G- +(k m),,)w,lth compo-

nents (6) has the’ ,simple product structure analogous to
described above interaction matrix V' Tk).The spectrum .
of elementary excitations is given by the poles of the b

analytic continuation , iw, » o -, of the Green functlons

(6) and is obtained from the cond1tlon 3-5/ &
det[l < E_k (k , Tw n) vt (k)] V )

where s~ ' is irreducible polarization part of G~ *In the

zeroth-order approximatjon of the selfgonsistent field
method non-zero elements of the matrix 3~ * %g ven

in/4/_  Due to (7) and relations (9-10), (22-23) in

4
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first Green.function subsystem (constructed from opera- |
tors wlthlA Sz | "1 ) g1ves two branches of spm waves
12’ 2&) =1k (k) #ey (1) —[b(Jk -KD) E/A] +3»}/2'

- . ey ‘v- <'::; 2 n 2 2 "x--;
L) = asbI /iy s D e/

’

. f O
[e - 22(1:)] —2[b(J-»—K->)E/A]

x[ezm +3(k) ~2(AN/b- D)2]+[bua —K»)E/A]4

The second Green function subsystem (constructed from
the -operators with | A $*| = 2 and diagonal ones) g1ves one
more branch of elementary exc1tat10ns

02 (k) = 4A{A = bI(1% K, /mu )(E / A)%

CHK (1 Ky /4A’)]l b= <Q13>0,A 3<Q 35 ,-2 A% A/b,( >

The averages < Ql“’ >0 over the zeroth order Hamlltoman
Hy (5) are f}mctmns of . the order:parameters:(2) and are

given 1n The selfconsistent equatlons for these para-
meters have the form . . o0 ot et A

- <> /A - <s13 §13>E /2A, qq _<Q13>..._%.,
(10)

where <Q!3>, <Sl3+813> <Q13> are to be calculated using

~the diagrammatic techmque/3’5/ . In the zeroth- order

ap roximation of the selfconsistent field method < S +
é‘) >0 = 0 and from (10) we get

“bh/A, qg=2bE /A (hqy=2Em), qp=2/3. (1)
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The solutlons of the equatlons (11) together w1th the exp”
ressions (8-9) give the spectrum for T # 0 in the above
approx1matlon

‘When E» 0 - the ex ress1ons for spectrum (8- 9) take
the form of those in / /, In the limit E> 0 , D> 0 the
equations similar to (11) are given also, m 2/ and are
solved fork = D = E = 0 ; from these’ solutlons 2/ for
T=20 1t follows that the branch ml(k) 1s/acoust1c
and o3 (k) is also ‘acoustic, if J;j; =K; /65 . This
result is due to the fact, that the total d1polar moment
commutes with isotropic part of Hamiltonian (1) and the
total quadrupolar moment has the same propetry, . when'

Jij = K;
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