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Antiferromagnetic Magnon States Near Stepped Surfaces 
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We present resu l t s  f o r  the par t i a l and t o t a l  spectra l  densi ty o f  one-

-magnon states near the (1 05) surface of a bcc Heisenberg antiferromag-

net.  Both surface s ta tes  and resonances are i d e n t i f i e d  f o r  the surface 

w i thout  re laxa t i on  o r  reconstruct ion.  

Apresentamos resultados para o c á l c u l o   da densidade espectra l  pa rc ia l  e 

t o t a l  de estados de um magnon pe r to  da supe r f í c i e  (105) de um a n t i f e r -

romagneto de Heisenberg de es t ru tura  cúbica de corpo centrado. I den t i -  

ficamos a presença tan to  de estados como de ressonâncias de super f íc ie ,  

sem i nc l ui r r e  l axação ou reconstrução . 

Recentl y, Salzberg and Gonçalves da S i lva 1 studied the spectra l  densi t y  

o f  one-magnon s ta tes  near the stepped surface o f  a Heisenberg ferromag-

net. It was shown i n  t h a t  work t ha t  the presence o f  steps induces the 

appearance o f  both surface s ta tes  and resonances, the spect ra l  we ighto f  

which i s  a f unc t i on  o f  the p o s i t i o n  o f  the sp in  w i t h  respect t o t h e  s tep  

edges. The aim o f  the present work i s  t o  present a s i m i l a r  ca l cu la t i on  

f o r  the case o f  an anti ferromagnet. We consider a bcc s t ruc tu re  w i t h  

nearest neighbor coupl ing only,  such tha t  i n  the Néel s ta te  any given 

sp in  i s  surrounded by e i g h t  oppos i te ly  d i rec ted nearest neighbors. 
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Although the spectrum o f  exc i t a t i ons  near the surfaces of antiferrornag- 

nets has been studied before2, the discussion i n  these previous works 

was l im' i ted t o l ' f l a t " ,  low M i l l e r  indices,  surfaces. I t  i s  we l l  known 

tha t ,  froim the po in t  o f  view o f  ca ta lys is ,  stepped surfaces p lay  a more 

consideralble ro le3.  Hence i t  i s  o f  great  i n t e r e s t  t o  determine theexc i -  

t a t i o n  spectrum a l so  f o r  surfaces o f  h igh  M i l l e r  indices. 

The Hamiltonian used i s :  

I n  (1) the sum extends over a11 s i t e s  o f  a simple cubic l a t t i c e ,  the i n -  

dices 1 arid 2 l a b e l l i n g  the two d i s t i n c t  spins i n  the magnetic p r i m i t i -  

ve c e l l  . l'he exchange constant J ( i l ,  i r 2 )  i s  non-zero on ly  between nea- 

res t  neighbor pa i rs .  The anisotropy f i e l d  H i s  taken as i n f i n i t e s i m a l l y  
A 

small i n  the numerical ca lcu la t ions .  

The surface considered i s  the (105) surface, shown i n  Figure 1, viewed 
-+ 

along the d i  rec t ions  (a) @01] and (b) Elo]. Not ice tha t  the vector  t2 

i s  p a r a l l e l  t o  the average d i r e c t i o n  of the surface. The basic repeat 

u n i t  o f  t h i s  surface i s  formed by three rows o f  spins i n  one sub la t t i ce  

(up) and three rows o f  spins i n  the o ther  sub la t t i ce  (down); up anddown 

spins are separated by a s t e p ' o f  height  0 .si, where 5 i s  the conventio- 

na1 cubic i ~ n i t  c e l l  l a t t i c e  parameter. For computational purposes the 

c r y s t a l  i s  viewed as a c o l l e c t i o n  o f  regu la r l y  stacked layers, each o f  

which has a two-dimensional p e r i o d i c i t y  described by the p r i m i t i v e  vec- 

t o rs  and %. The pr imi  t i v e  c e l l  contains 12 atoms; odd-numbered ones 

belong t o  one s u b l a t t i c e  and even-nurnbered ones t o  the other. I n the sur- 

face layer  the coordinat ion number i s  four  f o r  atoms 3, 5, 10 and 12; 

s i x  f o r  atcms 1 and 8; and e igh t  fo r  a11 others. 

We def ine  loca l  one-spin dev ia t ion  funct ions:  



Fig.1 - The (105) surface. (a) Viewed along d i rec t ion  @ 0 g ,  i .e., per- 

pendicular into the f i a t  po r t ion  o f  the steps. Open circ:les representup 

spin atoms and f i l l e d  c i r c l e s  represent down spin atoms. Notice that, a t  

every three atomic r a i s  p a r a l l e l  t o  the d i rec t ion  @i01 there i s  a step 

o f  helght h a l f  a l a t t i c e  parameter. The vector x2 i s  not on the plane of 

the page. (b) Viewed along the d i rec t ion  [r010], i.e., pa ra l le l  t o  the 

steps di rect ion.  The p r l m i t i v e  c e l i  containing 12 atan!; 1s indicated. 

The atanic layers considered i n  the ca lcu la t ion  are ,r>arallel t o  the 

avennge d i r e c t i o n  o f  the surface, which coincides w i th  rhe d i r e c t i o n  o f  

vector -L,. 



-h 
where n i s  the layer  label  , r i s  a  two-dimensional vector  o f  the Bra- 

-h 
vais l a t t i c e  def ined by x1 and t2 and v  = 1,2, ..., 12 labe ls  the spins 

i n  the pr imi  t i v e  cel  I. The Néel s ta te  i s  ind ica ted by (N> and S- (s+) 

i s  used f o r  spins i n  the up (down) sub la t t i ce .  We a l so  def ine  B loch - l i -  

ke sp in  wave exci  t a t i ons  i n  two dimensions i n  the usual way4-6 

+ 
where I: i s  a  two-dimensional wavevector and ~ ( w + i O  ) i s  the one-magnon 

Greenls f unc t i on  associated w i t h  the hami l tonian (1) .  We can a l so  com- 

pute p a r t i a l  spectra l  densi t y  o f  states by r e s t r i c t i n g  the sum i n  (3)  
over pa i r s  o f  oppos i te ly  d i rec ted  spins. The method o f  ca l cu la t i on  of 

the spectra l  dens i ty  ,is based on the t rans fe r  mat r ix  formalism and i s  

discussed i n  deta i  1 elsewhere4-6; f o r  t h i s  reason we present here on ly  

our resul  ts .  

The ca i cu la t i on  was performed f o r  the cent ra l  po in t  i n  the two-dimensi- 

onal B r i l l o u i n  zone covering the range o f  p o s i t i v e  frequencies. Because 

o f  time reversal symmetry i t  i s  t r ue  tha t :  

where p ( v ' v ' )  (w) i s  the p a r t i a 1  spectra l  densi t y  mentioned above f o r  

the p a i r  (v,vl).  I n  Figure 2  we show the t o t a l  spect ra l  densi ty f o r  the 

,f i r s t  thrtse layers nearest t o  and inc lud ing the surface. The presence 

o f  a  surface s ta te  a t  w = 2.43 (2JS) and o f  a  surface resonance ai wp 
S 

= 3.44 (2JS) can be c l e a r l y  seen. The la rge peak a t  w = 8 ( 2 ~ s )  i s  the 

charac ter i i s t i c  divergence o f  the densi t y  o f  a n t i  ferromasnetic k g n o n  sta- 

tes a t  the maximum e x c i t a t i o n  energy. I n  Figure 3  we show the p a r t i a l  

spectra l  densi ty o f  states f o r  the d i f f e r e n t  p a i r s  o f  atoms i n  the .pr i -  

m i  t i v e  cel l a t  the surface. As we move from the ins ide  o f  the step (pa i r  

(1,2)) t o  the edge ( p a i r  (5,6)) the weights o f  the surface s t a t e  and 

resonance increase, reducing the weight o f  the continuum. No divergence 

o f  p (w) i s  observed a t  w = 8 (2JS) . Thi s  i s i n accord wi t h  the reduced 



I., 

Fig.2  - Total  spectra l  densi ty  o f  states on ta) surface layer;  (b) layer  

imnediately below i t ;  (c) second l a y e r  b e l w  surface. Motice disappea- 

rance of surface structures below the edge o f  the continuum. 





Fig.3 - P a r t i a l  spèctral density of states f o r  (a) p a i r  ( 1 . 2 ) ;  (b) p a i r  

( 3 . 4 ) ;  (c) pair  (5,6); fd)  pa i r  (7.8); (e) p a i r  (9.10); ( f r p a i r  (11.12). 

Notice the predominance o f  the surface features fo r  p a i r  ( 5 , 6 ) ,  which i s  

a t  the edge of the step. 

coordinat ion number o f  the atoms on the surface. The spectra l  densi ty 

f o r  p a i r s  (7,8), (9,10) and (11,12) does not  show prominent surface fe-  

atures, bu t  shows a divergente a t  the top o f  the band. This i s  due to' 

the fac t  t ha t  exc i t a t i ons  w i t h  p o s i t i v e  frequencies have a much la rger  

weight on the up sp in  sub la t t i ce .  For these pa i rs ,  however, the up spin 

atoms do not  l i e  on the surface and have-the bulk coordinat ion numberof 

e igh t .  The informat ion concerning the surface scate i s  sumnarized i n  

Fable 1. We see from i t  tha t  t h i s  s t a t e  i s  concentrated on the f i r s t  

three layers, t o  w i t h i n  the p rec i s i on  o f  our numerical ca lcu la t ion .  

I n  conclusion, we have reported resu l t s  f o r  the spectra l  densi ty o f  one 

magnon s ta tes  near the (105) surface o f  a bcc anti ferromagnet. Even wi-  

thout  re laxa t i on  o r  reconstruct ion,  stepped surfaces present a much r i -  

cher v a r i e t y  o f  surface associated features thah f l a t  ones. I n  magnetic 

systems t h i s  i s  due mainly t o  the existence o f  atoms w i t h  d i f f e r e n t  co- 

o rd ina t i on  numbers on the surface. I n  a f u tu re  work we w i l l  repor t  on 

the e f f e c t  o f  anisotropy, re laxa t i on  and reconstruct ion on the spectra l  



Table 1 - Veight o f  the d e l t a  f unc t i on  (surface state)  a t  w s  = 2.425 

( 2 ~ s )  a t  various pa i r s  o f  atoms and layers. The t o t a l  weight ins ide  the 

p r i m i t i v e  c e l l  i s  a l so  shown. 

densi ty o f  states.  Unfor tunately,  contrary t o  the s i t u a t i o n  o f  e lec t ro -  

n i c  states,  t heq re t i ca l  inves t iga t ions  o f  magnetic surfaces seem t o  be 

more abundiint than experimental ones. We hope tha t  t h i s  s i t u a t i o n  w i l l  

be corrected i n  the near fu ture .  
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