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Energy gap and spin deviation in the ground state of an anisotropic Heisenbergmodel are expanded in terms of small anisotropy parameter up to the fourth powerof the anisotropy parameter. It is shown that the fourth-order terms in Bose­-operators give much more significant contribution than it was previously estimated.
We have discussed a particular version of anisotropic Heisenberg ferromag­netic model on the simple cubic lattice, for spin 1 /2, first introduced by Buyerset al. 1 > and discussed in detail by Belorizky et al. 2 • 3 • 4>. The Hamiltonian is givenby 

*Preliminary results were reported at the 8th Yugoslav Conference on the Physics of
Condensed Matter, Poree, 21-24 September 1982. 
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The anisotropy is introduced through the additional coupling along thr"ee 
axes (;r is the vector connecting given site with its neighbour along r-axis) charac­terized by the anisotropy parameter � = J' /J. 

In our previQus paper 5> we have presented the general formulae for the dis­persion law and average magnetization obtained in the Dyson-Maleev represen­tation 6· 7> by the Green's function method. We have also discussed 8> tl)e behaviour 
of the energy gap fun E (k) = E (0) in· the ground state (T = 0 K) in the leading 

k-0 approximation ( of order � 2).

We have continued with this calculation in order to examine in more detailtwo important consequences of the anisotropy: energy gap and spin deviation inthe ground state. 
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Fig. 1 : Energy gap E ;0) for small anisotropy
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Fig 2 :  Spin deviation for small anisotropy 
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Expanding all relevant quantities up to �4 (for O < � � I ), we have obtainedthe expressions for these two quantities, which are rather. long, so we shallnot quote them here. (The complete_ expressions were presented on the 8'h Yugo­slav Symposium on Condensed Matter Physics, 21-24 IX 1 982, Poster Session). 
-f The lattice sums :figuring in thes� expressions · were calculated numericallyusing the Gaussian quadrature formulae· on the Varian 13 computer of the Institute
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of Mathematics, University of Novi Sad., with the accuracy of 10-9 giving the results: 
E ;°) = 0.078143 C,2 + 0.016902 <5 3 + 0.022489 C,4 

Acr0 = 1 - <�> = 0.007172 �2 + 0.012831 �3 + 0.002518 �4• 

It can be seen that the energy gap is much more sensitive to the correctionsof order C, 3 and "4, than the spin deviation. 
It is also interesting to compare the leading terms in <52 with the results ofprevious papers. The energy gap with the coefficient 0.078 agrees in order of mag­nitude with the results 0.0924> and 0.0958>. On the other hand., the spin deviationwas overestimated in our previous paper 5> by an order of magnitude., due to over­seeing the factors 8 in front of the lattice sum. 
The final conclusion that was put forward by this work is that fourth-orderterms in boson operators have significant contribution in the ground state. Asimilar calculation for finite temperatures is now in progress. 
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Energetski procep i devijacija spina u osnovnom stanju jednog modela anizotropnogHajzenbergovog feromagnetika su razvijani po stepenima malog parametra anizo­tropije do cetvrtog stepena parametra anizotropije. Pokazano je da je doprinosclanova IV reda po Boze-operatorima mnogo znacajniji nego sto se to do sadasmatralo. 
FIZIKA 15 (1983) 4, 401-403 403


	Vol.15_no.4_pp401-403



