
THE HYBRID EXCITATIONS IN THE MAGNON-PHONON SYiffBM 

s.n.stojan ovic, M.J.Skrin;aar and J.P.setrajcic

Institute of Physics, Faculty of Sciences, Novi Sad

In this paper we analysed the hybrid magneto-elastic exci­
tations due to the magnon-phonon interaction in the anisotropic fe­
rromagnets. We have also calculated the magneto-mechanical tensor 
of the system. 

This paper treats the problem of the magnon-phonon intera­

ction from the stan dpoint of the possibility of the existence of 

collective modes ( hybrid excitations) 1n the spin-phonon system . 

Those hybrid excitations represent in fact the quanta of the magne­

toelastic waves in ferromagnetics , whose phenomenological theory was 

elaborated i� (1] . A problem similar to ours was discussed for the 

case of antiferromagnetic [2] . 
The Hamiltonian of �he· magnon-phonon system of anisotropic 

ferromagnetic with one easy axis (chosen to be z-axis) and one ma­

gnetic ion per unit cell can be written in the following form : 

ff � +lo -,. .fls + +Ip _,. +f sP ( l ) 
l+C % .u , 1 "5 f .J. 1-I- I ) -1/o = - ,:-5 JoN-fa#LSN ' -rtp :: 15 tJtj ( � f {p�· lortj 

-H5 : l � <t>E; &� , +!Sf, = 2.. P; c(v ( t�-+ f!. )ff'; B_, -<- t t f,'2 kfd <// K k.� 
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)+ �S(f-,r);.) }
1.j {i')= £1-·SJt , J1 = 5 (4-1-C)� + tf8 R 

C - is the anisotropy constant. 

The Hamiltonian ( 1) defined in terms of "standard" magnon­

-phonon interaction cannot lead to the hybridization in the system, 

because it contains the terms ot th� type�1r (��· One can calcu­

late the influence of the magnon-phonon inter�ction o� the magnon 

lifetime an d  phase transition temperature ,on the basis of this Ha­

miltonian ( see [3] an d  the references cited therein). 

In order to discuss the hybrid modes in this sys�em, we 

shall perfomn an unitary transfc;,rmation of the Hamiltonian (1 ) ,  wh-
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� �i1 , C2= ite , �::it� , C,, � £,t1 , �1 = �(t)+A o , ��= 4>1� .

5zi= �,,+Ao ) 5�r�� , �2�512 =-ttr.t), �(4�0 I �()=/S�lo+ Sfo�
tJ-- is the ve locity of l ongitudina l waves and �- is the Debye fre­

quency. One should not be confused by the l arge va l ue for X'
0

, be­

cause it figures in the expansion as )(0cje (t) Y1t which- ensures the

convergence of the expansion. 

The Hami ltonian ( lo ) is diagona l ized by the canonica l tra-

o( = 1, 'I., 3, t, 

( 13) 

(14) 

( 15) 

Expressions ( 14) represent the energies of hybridized ma­

gnon-phonon excitations �nd their dispersion l aw is given at the 

Fig. 1.  
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Magnon-phonon hybridization 

enab l es us to connect magnetic and 

mechanica l characteristics of the 

crysta�9 because it is possib l e  by 

the action of the high frequency 

magnetic fie l d, as an externa l per­

turbation ,  to induce the chan�e of 

the mean atomic disp lacement in the 

crysta l and vice-verse , .  by app lying 

u ltrasound as an externa l perturbation to induce additiona l magnetic 

moment in the· crysta l .  

The interaction of the crysta l with the externa l magnetic 
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field �(t} will be taken in the f'orm 
fo PI' -fl. 1 (-I:) = -21./& L .S� (-t) A� C-V

,1t� I ·i «/" � ,,, ( 16) 

Applying the linear response theory, we have calculated

the change of the average value of atomic displacement 
. -'> ' � I\ 7 ( �C('>)4e - (rc�'1)>o :: 'R. (R,w) -k(f'i1<J) (l?) 

f are 
where ( -;< R,w)J

trteq and (rCJ�Cc>)70 Ynonequi�ibrium and equilibrium

mean values respectively. The quantity J?Ot�) is the tensor with the 

elements in the resonance region given by 

1) ... _). ,. • ,;-;,- o( I,...., :-1 
Kc<t-, (1< ,ev = ,_,_a tfl8 f l"ijt�

.e 
el<' '/>. (k,w) (18) 

G (J(,v) = fl{ ll,, l{J�.'�(,J)-C,/ct,M]+ V.!l�i(4J)-G: (�4ifl] 
� c((c)J = i v'f { �. 1lz,[�/�v)-li1�r,tufl-1- Uu�1tszik;t.JJ-G:cli) �gJ
Ga',41) : o  I G,r(lv) ::(< �t I rr  »4) ) c;;r;,1v)=it 1;1 1,.K·\, 

From ico it follows that sound waves are not being excited 

when the external field is directed along the easy axis .  

In an analogous way we can calculate high-frequency magnetic 

susceptibility, i . e .  the change of the magnetic moment of the crys­

tal due to the input of mechanical energy. In this way we obtain 

('ln((,tu)>�- <IH'(�"-')>o = i((ru) t'c111wJ · ( 19)
" 

where ;rc�v} is the magnetic susceptibility tensor with the eleme-

(2o) 
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r. equilibrium susceptibility and .D.o is unit cell volume.

If the external magnetic field acts paralel to the 

eaS7-axia there is no mechanical ent11rs, transfer, a situati­

on 0011Pletel1' opposite to the one in antiterromagnetios (2] . 
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