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DYNAMICAL MEAN FIELD THEORY OFCORRELATED HOPPING�Andrij M. ShvaikaInstitute for Condensed Matter Physi
s Natl. A
ad. S
i. Ukr.1 Svientsitskii Str., UA-79011 Lviv, Ukraine(Re
eived July 10, 2002)The general Dynami
al Mean-Field Theory approa
h based on the ex-pansion over ele
tron hopping and lo
al nature of the irredu
ible parts (
u-mulants) of the Green's fun
tions in in�nite dimensions is developed for thedes
ription of 
orrelated hopping. In order to 
al
ulate the thermodynami-
al fun
tions the new grand 
anoni
al potential fun
tional is proposed thatallows to build the �-derivatible theory without introdu
ing self-energy.PACS numbers: 71.10.Fd, 71.15.Mb, 05.30.Fk, 71.27.+aIt is known that 
orrelated hopping in in�nite dimensions leads to thenonlo
al self-energy [1℄. This result breaks the basi
 statements of the Dy-nami
al Mean Field Theory (DMFT), whi
h is exa
t in the limit of in�nitedimensions, about the lo
al (single-site) nature of the self-energy [2℄. In ourreport we present an alternative approa
h to build Dynami
al Mean FieldTheory of systems with 
orrelated hopping that is based on the expansionover ele
tron hopping around the atomi
 limit, keeps the DMFT lo
al ide-ology and allows to 
al
ulate the thermodynami
al fun
tions.In general, the hopping term of the Hamiltonian with 
orrelated hoppingfor the Fali
ov�Kimball models 
an be writtenHt = 1pDXhiji dyi tijdj; di = �P+iP�i � di; tij = �t++ij t+�ijt�+ij t��ij � ; (1)where the proje
tion operators P+i = nif and P�i = 1� nif are introdu
ed.For the Hubbard model the hopping part of the Hamiltonian 
an be rewrittenin terms of the Hubbard operatorsHt = 1pD Xhiji� ayi�tijaj�; ai� = ��X ��2iX0�i � : (2)� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(803)



804 A.M. ShvaikaThe total Hamiltonian of the ele
troni
 system with lo
al 
orrelationsand 
orrelated hopping H =PiHi+Ht in
ludes, besides the hopping termHt that is not lo
al, also the single-site 
ontributions Hi and it is 
onve-nient to start not from the Dyson equation, that 
onsiders the terms with
orrelated hopping as some kind of many-parti
le intera
tions, but from theLarkin equation [3, 4℄ in 
oordinate representationGij(!) = �ij(!) +Xlm �il(!)tlmGmj(!) ;Gk(!) = [1��k(!)tk℄�1�k(!) = ���1k (!)� tk��1 (3)that treats all hopping terms in a same manner. Here, an irredu
ible part(irredu
ible 
umulant [5℄) �ij(!), that 
an not be divided into parts by
utting one hopping line tlm, is introdu
ed.For the models with 
orrelated hopping all quantities in (3) are matri
esand for the Green's fun
tions Gij(!) we have the following 
omponents
onstru
ted by the proje
ted (Hubbard) operatorsG�
ij (!) = �DTP�i didyjP 
j E! = � Æ
Æt
�ji (!) ; (4)where 
 is the grand 
anoni
al potential fun
tional.In the D ! 1 limit it 
an be shown (see, e.g. [5℄) that all irredu
ibleparts be
ome lo
al �ij(!) = Æij�(!), �k(!) = �(!) and su
h matrixrepresentation allows to reformulate the DMFT of 
orrelated hopping in theterms of lo
al quantities. Indeed, the lo
al irredu
ible part �(!) dependson the ele
tron hopping only through the lo
al 
oherent potential J(!) =Plm tolG[o℄lm(!) tmo, where G[o℄lm(!) is the Green's fun
tion for the latti
ewith the removed site o, and both �(!) and J(!) are solutions of thefollowing system of equations1N Xk ���1(!)� tk��1 = ���1(!)� J(!)��1 = Gimp(!): (5)Here Gimp(!) is the Green's fun
tion for the e�e
tive single-impurity prob-lem with the statisti
al operator�̂imp = e��HoT exp8<:� �Z0 d� �Z0 d� 0dyo(�)J(� � � 0)do(� 0)9=; : (6)One 
an see that the presented above DMFT system of equations is amatrix generalization of the known equations with the repla
ement of the
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al Mean Field Theory of Correlated Hopping 805self-energy by the irredu
ible part: �(!) = ! + � � ��1(!). But now,the total Green's fun
tion Gk(!) =P�
 G�
k (!) = [! + ���k(!)� �tk℄�1
an be written in the Dyson representation with nonlo
al self-energy andHartree renormalized hopping in agreement with [1℄ and it is impossible toderive the grand 
anoni
al potential (free energy) fun
tional in the same wayas it was done for the systems without 
orrelated hopping [2℄. In order tosolve this problem we 
onstru
t the Baym�Kadano�-type fun
tional withoutintrodu
ing the self-energy starting from the expressions for the Green'sfun
tion (3) and (4):
lat = � 1� X�k �ln det [1��k(i!�)tk(i!�)℄ + Tr ��k(i!�)~tk(i!�)�	+ ~�: (7)Here ~tk(i!�) = tk(i!�) [1��k(i!�)tk(i!�)℄�1 (8)and ~� is the Luttinger�Ward type fun
tional� Æ ~�Æ~t
�k (i!�) = ��
k (i!�): (9)In the limit of in�nite dimensions the irredu
ible part be
omes lo
al andby writing down the grand 
anoni
al potential fun
tional for the impuritywe obtain the expression for the grand 
anoni
al potential of the latti
e interms of the quantities for the impurity model
latN = 
imp � 1�N X�k �ln det [1��(i!�)tk℄� ln det [1��(i!�)J(i!�)℄�: (10)Expressions (7) and (9) are very similar to the one known in the Baym�Kadano� approa
h [6℄, but now instead of the 
onjugated quantities theGreen's fun
tion Gk(i!�) and self-energy �k(i!�) we have the renormalizedhopping ~tk(i!�) and irredu
ible part �k(i!�). Su
h formal analogy allowsto build the �-derivatible theory starting from the fun
tional (7) in the sameway as it was done by Baym and Kadano�.First of all, for the ele
tron 
on
entration we haven1 = � 1N d
latd�1 = �d
impd�1 ����J=
onst = � 1N � ~���1 ; (11)where the partial derivative is taken over � not in 
hains ~tk(i!�) (8). Next,for the 
orrelation fun
tion (dynami
al sus
eptibility) we get an expressionthat 
an be presented diagrammati
ally as [7℄�12 = � 1N d2
latd�1d�2 = - +1 2 1 12 2; (12)



806 A.M. Shvaikawhere the full four-vertex is a solution of the Bethe�Salpeter type equation
= - : (13)Here the thi
k wavy lines represent the renormalized hopping ~tk(i!�) and

1 2 = � 1N �2 ~�lat��1��2 = �n1��2 = �n2��1 ;
1

2

3
= � ���1 Æ ~�latÆ~t32 = ��23��1 = Æn1Æ~t32 ; (14)

1

2 3

4 = �� Æ2 ~�latÆ~t21Æ~t43 = �Æ�12Æ~t43 = �Æ�34Æ~t21are irredu
ible verti
es that 
an not be divided into parts by 
utting twohopping lines. In the D !1 limit all irredu
ible verti
es be
ome lo
al [7℄.In this arti
le we presented the general DMFT approa
h to the des
rip-tion of 
orrelated hopping. It is based on the Larkin equation (expansionover ele
tron hopping) that 
onsiders all hopping terms in a same man-ner. Another starting point is the lo
al 
hara
ter of the irredu
ible parts(
umulants) of the Green's fun
tions in the D ! 1 limit that is a moregeneral statement than the lo
al 
hara
ter of the self-energy. Su
h approa
hkeeps the DMFT lo
al ideology and allows to 
al
ulate the thermodynami-
al fun
tions. To do this a new grand 
anoni
al potential fun
tional of theBaym�Kadano�-type that allows to build a �-derivatible theory withoutintrodu
ing the self-energy is proposed.This work was supported by the S
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