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THE FLOW EQUATION STUDYOF FERROMAGNETISM IN THE DOUBLEEXCHANGE MODEL�T. Doma«ski and R. Tuszy«skiInstitute of Physi
s, M. Curie Skªodowska UniversityPl. M. Curie-Skªodowskiej 1, 20-031 Lublin, Poland(Re
eived June 21, 2001)The Double EX
hange (DEX) model for ferromagnetism is studied bymeans of the �ow equation method. The initial Hamiltonian is lead througha set of the in�nitesimal unitary transformations whi
h eliminate from itthe part responsible for violation of the magnon number. Basi
 propertiesof the e�e
tive Hamiltonian are dis
ussed.PACS numbers: 71.70.Gm, 75.10.�b, 75.30.EtColossal magnetoresistan
e whi
h has been observed in the doped man-ganese oxides R1�xAxMnO3 (where e.g. R =La, Sr, Nd and A =Ca, Sr, Ba)near their transition to ferromagneti
 state is often attributed to the doubleex
hange me
hanism [1�3℄. It is the Kondo type intera
tion between 
ondu
-tion ele
trons and spins of the lo
alized Mn ions (�JHPi;�;� ~Si
yi;�~���
i;�,where here JH denotes the Hunds 
oupling) whi
h leads to maximization ofele
tron kineti
 energy when spins (of immobile Mn ions) are ordered ferro-magneti
ally. Despite the intensive studies of this model ranging from thestandard mean �eld [4,5℄, the QMC simulations [6℄ and the dynami
al mean�eld approa
h [3℄ there are still some un
lear issues like for instan
e estima-tion of transition temperature T
 into ferromagneti
 phase, determinationof magnon dispersion, life time e�e
ts for magnons et
. Here we would liketo present some results obtained for the DEX model with a novel approa
hof the 
ontinuous 
anoni
al transformation whi
h is known in the literatureas the �ow equation method [7, 8℄.We start from introdu
ing the Holstein boson representation for the lo-
alized spin operators ~S whi
h, at su�
iently low temperatures, are given� Presented at the XII S
hool of Modern Physi
s on Phase Transitions and Criti
alPhenomena, L¡dek Zdrój, Poland, June 21�24, 2001.(3405)



3406 T. Doma«ski, R. Tuszy«skiby S�i ' ayip2S, S+i = (S�i )y, Szi = S � ayiai. In terms of the magnonoperators a(y)i one 
an express the DEX Hamiltonian asH = Xk ���k � JHS2 � 
yk"
k" +��k + JHS2 � 
yk#
k#�+ JH2N Xq;p;k ayp+qap �
yk�q"
k" � 
yk�q#
k#��JHr S2N Xq;k �ayq
yk�q"
k# + h:
:� ; (1)where �k = "k��. The �rst term des
ribes kineti
 
ontribution of the splitele
tron band, the se
ond one refers to density�density intera
tion betweenele
trons and magnons and the last term represents intera
tion whi
h vi-olates number of magnons. The standard 
anoni
al transformation knownfrom literature [9, 10℄ is able to eliminate su
h non
onserving (in magnonnumber) part V � �JHr S2N Xq;k �ayq
yk�q"
k# + h:
:� (2)but in turn it generates many other types of intera
tions. Unlike [9, 10℄we want to renormalize (1) via the sequen
e of 
anoni
al transformationsH(l) = U y(l)HU(l) su
h that the Hamiltonian stru
ture shall be kept assimple as possible. In the limit l ! 1 the part (2) would disappear. A
ontinuous way of transforming the Hamiltonian gives us more 
ontrol onpreserving the needed stru
ture of that operator.In pra
ti
e, it is not ne
essary to spe
ify an expli
it form of the unitaryoperator U(l), but one 
an instead 
hoose the generating operator � (whi
his related to U(l) through � � dU y(l)=dl)U(l)). The generating operator �governs a �ow of the Hamiltonian via dH(l)=dl = [�;H℄ (and similar �owequation 
an be written for any other operator like 
(y)i;�(l), a(y)i (l)). Wegner[7℄ has proved that with � = [H;V ℄ one 
an proje
t out the perturbationV (l) in the limit l !1 unless the degenerate states are en
ountered.In a separate paper one of us [11℄ gave a detailed derivation of the �owequations for parameters of the e�e
tive Hamiltonian of this model. Tosummarize we present below the �nal form of the DEX HamiltonianH(l =1) = Xk ���k � JHS2 � 
yk"
k" +��k +�"#k + JHS2 � 
yk#
k#�
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yk#
yq"
q0"
k0#+�M"k;k0;q;q0
yk"
k0" �M#k;k0;q;q0
yk#
k0#� ayqaq0i: (3)One noti
es renormalization of the kineti
 energy of � =# ele
trons (�"#k),modi�
ation of the initial density�density intera
tion between ele
trons andmagnons (now it is labelled with three momenta and depends on spin ofele
trons) and, �nally also generation of the e�e
tive intera
tion betweenopposite spin ele
trons. To 
hara
terize quantitatively e�e
t of renormal-izations we solved numeri
ally the set of 
oupled �ow equations using one-dimensional tight binding dispersion for ele
trons and some realisti
 valuesfor the model parameters. We 
hose the initial Hunds 
oupling JH = 2W(W stands for ele
tron bandwidth) and set temperature T = 0.In �gure 1 we show the resulting density of states �(!) =Pk;� Æ (! � "�k).Ele
troni
 spe
trum 
onsists of two subbands whi
h are roughly split by JHS.Due to the 
orre
tion �"#k the upper band be
omes narrowed and pulleddown. This e�e
t 
an be important if ele
tron 
on
entration approa
heshalf-�lling n = 1.
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ωµFig. 1. Density of states of the DEX model for T = 0 and hole 
on
entrationx = 0:25. Ele
tron spe
trum 
onsists of the partly �lled lower band (of spin � ="spe
ies) partly and the upper one whi
h is empty.The other quantity whi
h is modi�ed in a 
ourse of 
ontinuous 
anon-i
al transformation is the strength of magnon ele
tron intera
tion. Thise�e
t is thoroughly dis
ussed in the quoted paper [11℄. Let us remark herethat su
h intera
tion a�e
ts the ex
itation magnon spe
trum. In the low-est order estimation (the bubble diagram) one obtains for magnon energy



3408 T. Doma«ski, R. Tuszy«ski!q = 1=NPk hM"k;k;q;qn"k �M#k;k;q;qn#ki. From the numeri
al investigationwe found 
onsiderable softening of the magnon sti�ness limq!0 !q=q2 as
ompared to predi
tions of the standard 
anoni
al transformation [9, 10℄.This result (being sensitive to both JH and hole 
on
entration x = 1 � n)seems to agree with re
ent results by Shannon and Chubukov [12℄ who usedthe modi�ed large S expansion method.Finally, we present in �gure 2 strength of the indu
ed attra
tion betweenele
trons of opposite spins. E�e
t of su
h intera
tions would perhaps benot mu
h important deep in the ferromagneti
 phase (where only � ="exist) but with an in
reasing temperature and/or approa
hing the ele
tron
on
entration n � 1 its e�e
tiveness would in
rease.
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Fig. 2. The intera
tion generated between ele
trons in the BCS zero momentum
hannel (left �gure) and density 
hannel (right �gure).In 
on
lusion we reported the results of the �ow equation method appliedto the DEX model. Method enables us to obtain true magnons (their 
on-
entration being 
onserved quantity) while res
aling other parameters of themodel Hamiltonian. Future studies are needed to determine the 
orrelationfun
tions whi
h would help to determine e.g. the transition temperature T
.Su
h 
al
ulations are in progress and the results will be published elsewhere.This work was supported by the Polish State Committee for S
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