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Using the standard-bass

operator method m the Ureen function techmque m random-phase-spproumation
wanal sstiferromagnets S=3/2 with bilinesr (J), biguadratic (5) and octupolar (F) exchanges with acoount

n o0 amsolropc
of stomic states

when J>B, Fithat

lo sntiferTomagnetic ordenng. Account of multiplicity generates additional branches in spectrum of

s excitations of type |4s*|= 1,2, 3. The spectrum was snalysed in varios limit cases. [t was established that dispersion of
21 2
beanches of type |As*|= = t‘-l,z,...,Is.u—h;q:h*dtm(iﬁj).,{fjfi] ,...,(.il‘!,] .

L INTRODUCTION

wnbed in the framework of the non- Hamul-
loman m which besides of bilincar (Heisenberg) cxchange
ithe Higher order cxchange terms must be taken milo sc-
count [1-3}

o thus case the exchange Hamiltonian for spin s is
@ven by pe

=22 J.(i-j) (35, )
ij ==

whuch coincides for S=1/2 with the Heiscnberg Hamil-
toman.

In [3] we have studicd a farromagnet for 5-3/2 on the
basis of the Hamaltonian (1)

in the present paper within the framework of the
meihod of standsrd-basis (SBO) in the Green
function technique [4] in the i
mauon (RPA) anisotropic uni-axial non- an-
ifaromagnet with the spin 5=3/2 with the account for
multiphicity of the stomic states (of all 25+1 states of the
siom with the spin 5) on the basis of exchange Hamilto-
guan (1) arc considered.

The Hamiltondan of the sysiem has a form

H=2J(i-j) (55,)-2B(i-3) (55,0 +
13 i3

X(sz)’

r=3.1

) @
+ 2 F(i-3) (35,0 -v
i3

where J,5, ¥ are the paramcters of exchange (bilincar,
e-a-N 0 o 20, =0,
0 ewq 0 40, -3.D,
0 0 oa,+¥ -a,D, -aD,
&0, &b, ab, wova-x 0
| &0, &b, &b, ara,
| &40 &0 &b, o 0

biquadratic, octupolar) interaction (according to (I)
J=J;, B=J;, F=J,), V>0is a paramecter of uniaxial
single-ion anisotropy and 5_ is a spin operator of the site
r, J»0, B>0(modd TB[56]D, F>0 and J>3.F.

In order to take info account multiplicity of atomic

siates we cxpress the components of the spin operator
the SBO [4].
For 5=3/2 wehave

st =315, + 215, + 3L, ,
5, =35, + 21, +38, .

5 =35, + - 5,-35,)
where I, is a SBO, which describes the transition be-

tween the Saics gand 5.
Let us note that for 5=3/2 there are spin excitations

of the types |4s*|= 1,2,3

1. EXCITATION SPECTRUM OF THE TYPE
| 4s” | =1

G)

Expressing the Hamiltonian (2) through SBO (3) and
spplying the properties of SBO [4] and the equstion of
motion

el

we obtam the following equation for the Greens function
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i), .
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ay=2J(0) cr+B (0) dy+F (0) d;

@y=2J(0) o+B (0) de+F (D) ds

s Tr=2JT(0)c+B(0)o+F(0)ds .
= - 63
, ar=3/2[27(k )-38(k) THEH ’

.,-Ji;:.:;f;ud:f—f;a‘u ; a,-.‘ifﬂzdrfjﬂlrfﬂ%ﬂ’fﬂ »

7
-;-HJJrfJurEn%niu . dy=1/2(15D;1+4D3s~9Dss)
dy=1/16 (573D ;+412D;5+185Ds,) .

Eq. (5) defines an cncrgy spectrum of spin cxcitations
with Hamiltonian (2). A disparsion of these frequencics is
conditioned by all cxchange parameters J(i-j).
B(i-j), E(i-]).

For T=0 oaly one frequency shows a dispersion

@, (K ) ={ [as (0) +2V]*-ay’ (K ) }*7* (6)

whilc the ramaining frequencics are £ - independent.
The frequency gap (6) is equal to
®@; (0)={ 4V [as(0) +v] }*7* M
In Figl wec show dependence of onagy gaps
(h/2x=1) on parameters B, F,V of branches type
las*|=1 for T=0.

]
W R o R e

Fig.|. The dependence of energy gap on parameters:
5-(s), F-(b). V-(c) of excitation | 4s*|= 1
fior T=0 (for scc)

In the case comsidered in the present paper (ic
5=3/2) we have three order parameters (dipolar o, quad-
rupolar z, octupolar 1), connected with exchange interac-
uons of (5,5, (55" and (3,5,)° types, respectively
[3.7], for which we obtain the following expressions

G (5 =1/2(3D;s#D53) =

1
-; [3(1+@Py) (1+P+D:) +&, (1+3@:+Py) ] , (B)
d

Z=3((5")")-5 (5+1) =3 (Dy3-Dyy) =

3
-;t (1+®) (1+&y) -, ;] ,
1

®)

r =5((5%)°)- (357 +35-1)((5°)) =3/2 (Dys~3Dss) =

-%u-m (14@y) +8; (1+0,) +&, (1403 | , (10)
1

dy=1/16 (309D ;+556D:,+309Dyy) , O =5°)

1 £ 1 &

O =—22Af(@,).0,=—2 B f(a,)
N E == N P ==
1 | 3

M=y o)

1
tions (5) on the (o-a,) ‘and :ru=[ f:;]q]
s Bosc-Emstan distribution function, T;=(1+2@,) x
x(1+®y) (1+@,) +&,®; (1+2&,) and the parameters D,
arc expressed through @., @, and @, as follows

D;-}é (1+@y) (1+@y) (1+Py) ’ (a1

”"%;"”*"’ (1+0y) . a
. 13
wAnarlw (13)
# 1
n,-}éa.m (14)
In the MFA
T
Dyi/D =€ * as
or
-
D,/D,=e " =y, ()
s
D,/D,=e " =y, an
—
D,/D,=e ¥ =y, (18)

3. EXCITATION SPECTRUM OF THE TYPE
|as®|=2.

In this case a set of equations for Green functions has
a form



@-p, 0 b,D,, b,D,
0 @-p, b,D, b,D,

-b,D,, -b,D,, @+p, 0

-b,D,, -b,D, o o+ p,

By=4J (0) 0#B (0) (9Dy3+4D3y~3Ds,) +

Bo=4J(0) 0-B(0) (3D1;—4D33—5Ds3¢) +

((z.lz,

FTSEFE

s D:JJHJHJH
((I'IHIL;'));, _1|D36.,5,5,,
(@ls), | 2| oisutis | P
(i), | 10t
F(o)

F

P (441D,;+484D;,-24505,) +2V ,

(0)

P (249D;;+ 484D, +441D5) -2V ,

by(k)=3/2148(k)+5F(k)) , by(k)=3/214B(k)+118(k)]

For T=0 we have
@’ (k )=g7 (0)-b; (k)

@ (0) =f;" (0) @r)

The dispersion of @, (K )is connected with the pa-
rameters B(i-j) and F{i-j).

It should be mentioned that with the large values
of an unsaxial amisotropy (comparing to cxchange
'ni:T-nl) there s the mversion of energy levels
snd | As*| 22 type excitations becomes more prefersb-

scrved in the antiferromagnet NiNO, [B], which is
charsctensed by the strong uniaxial anisotropy. Spin
excitations of the type |As®| 22 energy gap is deter-
muncd mamly by the parameters of exchange interac-
tions and hence the frequencies of this excitations n
the strong magnets BHe im  the upf:ﬂ|

(20) for T=0 are ploted in Fig.2

o-q -t ((I:‘Il;r»;_ = 5
= ((g'lt;")}f.- d

region (— 102 amf).
Dependence of gaps of type |as*|=2 on 5,7,V
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Fig.2 The dependence of encrgy gap on parametears:
B-(a).F- (b), V- (c) of excitation | 4s*| =2
for T=0 (forsce)

4. EXCITATION SPECTRUM OF THE TYPE
| as*|=3.

The s of such excitations (which are ob-

tamed here for the antiferromagnets for the first time)
derivate from equation

0.5.5,8,,
D/5.5,5,,

where g=6J (0) 0+38 (0) o#F (0) /16 (1071D,,+#309D;,), t=9F (k ) Dys

From (22) we have
& (k)= -t (k) (23)

As it s seen, the dispersion of this branch arises
oply via F(i-j). Dependence of gaps of type
|4s*|=3 om B, Fis ploted in Fig.3 for T=0.

By comparison of ecxcitations of the yps
|4s”|=1,2,3 we obtain that, as in the case of fer-

B a dispasive branch of the type
|ds* |mm(m =1,2,...,25) is related with the pres-
cnce of cachange interactions (33 )" (3 _;,]"",,__ {3 ‘g'].".

*R3
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Fig 1 The dependence of energy gap on paramctas:
B-(a), F-(®) V-(c) of excitation |as*|= 3
for T=0 (for s.cc).
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MLB. Hilseysov, V.S, Tafryev, AM. Salcymasov
BIROXLU QEYRI-HEYZENBERQ ANTIFERROMAQNIT HOYDCANLANMA SPEKTRI

zaman bixsrti mibadie (3,3, ) i beraber bikvadratik 55,3, )* ve oktopolyar 5{3,3,)” mibadieler do nezers ak-

wir) emesji spekiri todqiq edilmigdir. |4s*[= 1,2,3 tiphi spin boyocanamalrnm spekirinde dispersiyak slave budagiar

M.E.I'ycefinos, B.C. Tarmes, AM. Cyacinancs
CIEKTP BOIBYKJAEHHA OAHOOCHOIO HETEAZEHEEPTOBCKOIO
AHTH@®EPPOMAIHETHKA

mm-mm-mmn—mwm-
Fenerlepl UBCKOTD ANTIHGCPPOMAITECTIEA (B ITOM CaySas, Hapaay ¢ Seummeisnm ofscmon J(i.i,),mtn-

uﬁnquml(5151}'-011:“!{!,53)’#_1“““_:““
comsossx soabyagued s [4s®|= 1,2, 3. Yerancssens ssswcseocs macnepaam ot Tans ofssena.
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