
Los Aiamos National Laboratory is operated by the University of California for the United States Department of Energy under contract W-7405-ENG-36. 

E az 5 f- - :$F:;pj 
L k  

Phonon Effects in the Two-Magnon Ramon Scattering in Spin-Peierls 
S y s terns 

Atuhors J. zang 
H. Roder 
J. Tinka Gammel 
A. Saxena 
A. R. Bishop 

To: Proceedings: '96 ICSM Conference, July 28-August 2, 1996, Snowbird, 
Utah 
To be published by Journal of Synthetic Metals (Elsevier Press) 

A 
By acceptance of this article, the publisher recognized that the U S Government retains b.jnonexclusive, royalty-free license to ublish or reproduce 
the published form of this contribution or to allow others to do so for U S Gove National Laboratory requests that the publisher icfentify this article as work performed 
the auspices of the U S Department of Energy. 

Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 Anamo8 

FORM NO. 836 R4 
ST. NO. 2629 5/81 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, recorn- 
mcnduion, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 
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Abstract 

The phonon assisted Fleury-Loudon two-magnon scattering in spin-Peierls systems is derived and its effect on the 
scattering processes is studied. We find that the phonon effects are important for two-magnon Raman scattering 
in both dimerized and uniform phases. 
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Recently discovered spin-Peierls (SP) transition in 
the compound CuGe03 [l] revived the interest in theo- 
retical studies of low dimensional spin systems and lat- 
tice spin coupling effects [2,3]. Special attention has 
been paid to the frustration effects and their conse- 
quence on the dynamical properties [a] .  In fact, it was 
pointed our earlier by some of the present authors that 
there are frustrated SP fluctuations in the MX mate- 
rials near the crossover region [4]. In the study of the 
excitations in the GuGeO3 compound, several groups 
have conducted two-magnon Raman scattering experi- 
ments [SI. In addition, several theoretical studies were 
carried out which: however, neglected the phonon ef- 
fects totally [B]. 
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FIG. 1. Lattice distortions related to magnetic excita- 
tions in the dimerized phase. (a) ground state; (b) magnetic 
excited state with one spin flip. (c) Since the above state is 
unstable, the lattice near the flipped spin relaxes. 

In the present study, we show that the phonon ef- 
fects are important in the two-magnon Raman scat- 
tering. The phonon effects enter the Raman scatter- 
ing process in two ways. First, there is a strong spin 
phonon coupling; naturally] the photon-magnon cou- 
pling has a phonon term; which has strength aJ/au ,  
where u is lattice distortion. Second, without frus- 
trated spin-spin coupling Jz  (see below), there is no 
two-magnon Raman scattering in the high temperature 
uniform phase, as the scattering term commutes with 
the Hamiltonian. However, since the lattice fluctua- 

tions (quantum or thermal) will introduce disorder in 
the spin-spin coupling, there is phonon induced two- 
magnon Raman scattering even without J2. 

Let us first derive the phonon-assisted two-magnon 
:ierls-Hubbard model: scattering coupling using I 

i j  

(1) 

where ti,i+l = t l [ l  + SI, -ao t .  %,1+2 . = t2, and otherwise, 
t j j  = 0. We have the lattice distortion ui = (-)iuo+zii 

with fii = [b] l'' (6, + b i ) .  In the limit ti << C; 
and half-filing, the system is in the insulating phase, 
the Hamiltonian (1) is equivalent to the frustrated SP 
Hamiltonian [7]: 

+-1i-u; ] (2) 
2 l l  

where J1.i = $[l + %] 
= 

e ' ( h c 2 / V ~ , ) ' i 2 ( a , + ~ ~ , ) ,  one gets a Peierls phase in the 
electron hopping term: t i j  + t i j  e x p ( i 5  L! Ai. d o .  Af- 
ter the expansion, we obtain electron-photon coupling 

Jl[l+ %] and J2 = $. 
With the presence of a photon field i ( q )  

where j t ( i )  is the current operator. Note that we have 
dropped the second order term in /i, which is unim- 
portant for two-magnon Raman scattering. The Ra- 



man scattering cross section is determined by tlie time- 
dependent second order perturbation, writing in the ef- 
fective spin operators, the two-magnon scattering can 
be calculated [a] using: 

There are phonon assisted processes (up to 2-phonon) 
included here in the tf,,-terms. The derivation of 
Eq.(4) is following Shastry and Shraiman for a Mott- 
Hubbard system [8].  Here we have included the phonon- 
spin coupling and next-nearest-neighbor (NNN) spin- 
spin couplings. Usually, one would not use NNN spin 
scatterings but use NNN spin-spin coupling in the spin 
Hamiltonian. Then, we will have a natural two-magnon 
scattering due to NNN spin couplings. However, this 
is not true if the NNK two-magnon term derived here 
is also included. Without phonon-spin coupling. there 
is no two-magnon scattering even if Jz  effects are in- 
cluded. Here. we have neglected the high order spin 
scattering effects, \Thich can contribute higher order 
( t / t 7 )  scatterings [8]. The most important two-magnon 
scattering terms come from the interchain coupling and 
phonon effects. The interchain coupling is neglected 
here and will be discussed elsewhere. The phonons 
can induce finite two-magnon scattering is because the 
phonons are three dimensional; otherwise, H R  com- 
mutes with Hamiltonian (2). 

In the spin-Peierls systems, the ground state is dimer- 
ized. The magnetic excitations are dressed with finite 
lattice distortions, the phonon assisted scattering has 
important contributions. If the photon is scattered by a 
soliton, soliton-antisoliton pairs, etc., there is no doubt 
that the phonon assisted two-magnon Raman scatter- 
ing is more important. Even if magnetic excitations in 
the statzc dimerized fat tice distortion background are 
responsible for the two-magnon Raman scattering, we 
can see from Fig.(l) that a relaxation of lattice distor- 
tions is involved. Because of the relaxation of lattice 
involved near the flipped spin, phonon assistant two- 
magnon scattering is important. 

.4t temperature above the spin-Peierls transition TSp,  
the ground state has uniform lattice distortion. How- 
ever. notice that if phonon effects are neglected, the 
scattering term commutes with the Hamiltonian (2); 
thus, there is no inelastic scattering. However, the 
(quantum and thermal) lattice fluctuations will induce 
randomness in the spin exchange couplings, which will 
induce two-magnon scatterings. In Fig.(2), we cal- 
culate the two-magnon Raman scattering using adi- 
abatic approximations by assuming that the lattice 
fluctuations induce random spin-spin coupling in J1 

(J1 + J1 + 6 J ) .  This approximation has been used 
successfully for Peierls systems [9]. 
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FIG. 2 .  Raman scattering for K=10 systems using Gaus- 
sian randomness of J I  due to phonon fluctuations. (a) 
Jz = 0; (b) J z / J i  = 0.1. 

In summary, we study the phonon assisted two- 
magnon Raman scattering in the SP systems. We find 
that the phonon effects are important in both dimerized 
phase and high temperature uniform phase. 
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