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f* Introduction 
Z Q the preceding paper ' ' / reffered to ae I hereafter / we 

have presented the eeaential atepa of the constructing of diagram te­
chnique fox an. arbitrary spin Hamiltonian by the example of some aub-
claee of apln one Hniltonlane,feeing of the considerable phyaical 
Intereat / see corresponding references in I / .Bur rules for drawing: 
of the graphs,obtained In I,allow us to build up the diagrams for ar­
bitrary interaction and to arbitrary Interaction order* 

On the baaia of the previous approach, in tbia paper we proceed 
the study of the Heieenberg Ferromagnet with uniaxial cryatal field. 

In вес. 2 we calculate the correlation functiona-traneveree and 
longitudinal /diagonal /-to order Wzf «ГО* effective interaction ob. 

Э 



tained in aec. 2 i s used to derive the result for the correla­

t ion functions in secS, 3,4 and appendices A,B* 

2 . Effective interaction and 
functions 

In th is «action we consider the correlation functions 

within the HelMnberg iwronagnet with eiagle-ion aulaotropy nodal, 

i . e . ,we апаОуоо the Uni t ing свае E**0 , Kstx'^O of the Btmlltanlan 

/ 1.1,4-6,12-15 / •. 

v = -i2 ъ* (йгйп+ss &+£ si1+s»&+Й&)= 
*Фч' 

where the circle inatead of (Щ ie used In thla paper to denote the л operator Q 1 3 , .According to /3 / « define the 2x2 matrix Green 
function 

G"*<k.4u} = 
(k,tt~i 

M 
(k,i^W 
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where the canponentB of the matrix are causal Green functions of the 
transverse operators and are defined by 

= i Z WT«pUk(/L-IU +i^T><Tsj'it) &м) . /5/ 
ж -a 

Corresponuing matrix for the transverse Interaction is 

y*-lk> = Y l w ( ; л ) ; У Н О С И М , hi 
where 

DIB 
is the Fourier transform of 

Denoting by i, the irreducible polarization part of 
* •* + /2—7/ 
<j ' " we can write the graphical equation 

According to the relations S~= S 4* V ^ A ,/5-7/ we get the solu­
tion for the Green -function / 1a / in the form 

where 

and the components of 2- ea?e given i n Appendix A up t o order ti/z). 
i . e . , t h e y involve one i n t e r n a l momentum summation only.We obtain the 

s imi lar r e s u l t for the diagonal Green function /1Ъ/ 

where Z^a.o * e *^e i r reduc ib le polar iza t ion part of J\ and 

i s given in App.B up to order (If/zJ • 
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Effective transverse V and diagonal J interactions 

ere defined snslogously ae In /2-7/ . 

1(1й= Ida ^ ( » Z * . 3 « . #/ 
Era» /\\-\2/ i t follo»s,tnat 

V+"(k.c>4 = ('л И ) V I » ( Л - 2 ~ Х ; ^ ш Т , /M*I 

][W= 1(10 (-(-ГГоИйГ, /iW 

«here the zero order result / Appendix A.I,A.7 and B. 1 / 
— J* 

Z e , 0 (к, с TO = о о = />, &*.,„ t£ < QZ\ /mi 

for 2. end 2 o,o .respectivelyj i s to be obtained by means of 

/ 1.8,11,17,19-22 / in the l imit E -» 0 . K 0 -* 0 / in the man­

ner described in ^ / 1973V. 

The ссюрсюеп+э of effective traneverae * ' interaction /11a/ 

are r jpreaented ia the Appendices A and в with the help of one direc­

ted wavy l ine i». tbe following way 
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We mark the diagonal effective interaction /12a/ as follows 

НЮ S C K ^ О , 
If we carry out the analytic continuation 1 /\.^ -^ ̂  of the 

Bose frequency С ~}\A*, into the complex }i plane,the above result 
/8/ for the Green function Q "** can be employed to find 

the poles,which correspond to the excitation energies of the coupled 
„12 and ( J23 modes .These energies /V llo will be complex in general 
since the coupled modes ore quasiparticle states with reciprocal life­
times proportional to the imaginary port of M k l .The complex so­
lutions for ore found from 

.-i.ti: i-r^fund v+'(id] = 
••• ! • ; I " ' ' ( i c , Mte) iiki - - o , 

where the cm.T£,y «nd dsn.pinc of the exci ta t ions correspond to the 

re-si find iaieginary pa r t s , r e spec t ive ly , of 

When 2- " i n / ц / i s «PProximated by Z given i a 

/43 / we оЪ-toin ths r e su l t s of ' * ' " for О to order (4/z) • 

the a iaple poles t I 'J.) 

corresponds to de l tu .r'u.-tc t Lct> resonance peaku /it t^e urrenorimlinea 

si. in wave energies of the system. 
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3» Transverse correlation function to order (4Cz) 

The matrix self-energy / irreducible polarization parts / con -
tributiooe / Дрр> A / can be now used to obtain the (tf/z) contribu­
tion to the Green function G .The calculation involves merely 
replaceaent of 2. in /8/ by Z + Z »where 

The sum of diagrams in / Д.2 / and / A.8 / gives the contribu-
tiona 

t 

аг,Л 

+1E»,iHJ +/* FA1/* (v) П (у*Й + p Й Й? <(Й>. * 

«3d 

* Рй(̂ 1 над + (Ei% ty v E%1 V) TI M + 



respectively,where 

D" i<vi = (H'^-bOL(f,i,)-H';«yf i(,)-H';i)]"'1 , 

F£itt>= ( ^ - У ^ Г (H'.1iDS<QSX +Н£Й<«>. + 

* f tu)Ч)-««Г+<а1Д(н'Д-н?;)(б(а(1)- н ? ; Г } . 
For the sum of diagrama /А*У, /А.9/ , /А.1Э/ and /A . I7 / we obtain tbe 

expression 

Z 5 = -11 > ~+HViT V 2 ] 1-й [ б ^ I'D П (U<ti) + G»;l 41П ( ^ + 
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where 

-f*(t!fc<0,, + <u">.)] , 

G« W = <Хчь ̂ C Wi<QU * w «< au>, + •• 

-f-.W<a*+aU>J, 

Collecting the diagrams /A.4/, /A.10/,/A.14/ and /A. 18/ we get 
the result 

ULtwOu*tf»Tiri4uMl]wtl(4-^]i|JU<Q"^r# 
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«Ъат» 

The contribution ccalng frca the dlagraas /A.Vi/A»11/V/A.15/ 
and /A. 19/ tale the f o » 

Z 5 = ( l ^ + H ' : i r < S * > V 2 ]lfc- t)nf*)i fc^J >1№) + 

+ %j m n fei^i) + Kit (v n few)}+ t^+н'йГ* 

*<Q'i>0NM2]iM3iv)(^Kfvf Ы ^ Ь nfc(»j)) + 

+tr' 2 P"<e">„ tfk-,) U - /»3(Ц)Й<Й>.Г * 
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where 

The diagrams iadlcated as / A. 6 / , /A. 12/, /A. 16/ and / A. 20 / con t r i ­

bute t o Zfi aa follows 

The right-hand eide in / 18/ and / 19/ without the fac tor 

[il^ +H'<£)"1 end (£ 7U. + H ' J J ) " ' 1 , respect ive ty ,g ivee the 

average of Q 1 1 and Q , correspondingly» i*1 the f i r s t order. 

Hence we obtain the average of $ = Q in the ваше order due 

t o the r e l a t i on Q 1 i 4- Q 1 * = I £ 1 3 . 

4 . Diagonal corre la t ion function t o order (•!&} 

In the approximation presented in Appendix В , Z, o,o appeared 

in / 10/ , io equal to 
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,») 
where C.0,0 i a given in / 14 / and 

1.0,о 4 u 

The diagrams in / B.2 / give the contribution 

The sum of dia^rama in / B.3 / is equal to 

Summing the diagrams in / B.4 / we get 

where 
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Collecting the diagrams / B»5 / we obtain, 

Y, =-/*8^,ofTl ]iil{/l"^tu«UV»iw+ AJinHfrO» 

wbere 
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The diagrama/B.6/ ««tribute to Y$ as follows 

* < tfj& Й(Ц)1} + N-"Z Ш{<0[>|+ * ! Ч « 0 , * 

- ( « k t ^ - i u r ) + ttVj i<t)(nfê -m«)lfê +H~-4(iST+ 

+N-i t ]«]щ) с г <Qii Й?;: «v) cast (И) - i<en <«?>. * 
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9. Conclusions 
The results obtained in sections 3 and 4 for the correla­

tion functions may be interesting,when eniaotropj constant у is 
large' '.These solutions might be helpful if one would like toderivi 
them within the framework of the method of ' '*' or ' ' .Following 
Plakida ' ',who has got the result corresponding to that in ' 
for the correlation function (j in the approach of the irredu­
cible Green functions, it is quite realistic to generalize his method 
in order to obtain the corresponding result in our case.Furthemore,it 
ia possible to establish the bridge between these two methods If we 
employ the alternative way of the reduction of averages due to the 
relation / 2'. '- ref, ̂ 7 / / 1973a/. 

1С 



As i t may Ъе v e r i f i e d , 1д the l imi t of the anieotropy constant 

J>-^0 i^be corre la t ion functions,obtained in secS.3 and 4, take 
/2/ 

the form of those in . 
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Appendix A. I r reduc ib le polar iza t ion part components 
of £ ~ up t o T i r s t order 

zt, = ©-^-4 - }««) 

4 Л \ " . rt5U5. 
(Я.2) 

<gM4S) Q 

Ф- 3-® 6 

* © ^ ^ £ > ^ 
9-
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Appendix В. Irreducible polarisation part 2- e # e 

up to first order 

(В. I) 

(а.г? 

O-O-^ jg ) + O - O - ^ S ^ - (аз) 

(S.4J 

-O-^p)' 

(А.Я 
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