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Due to its applications to the manganites, the double-exchéDgg model has been intensively
studied over the past ten years. An especially promising approach to investigate the DE model is
dynamical mean-field theoryfDMFT), which becomes exact in infinite dimension but accurately
describes local quantum fluctuations in three dimensions. In this article, we use DMFT to solve the
Bethe—Salpeter equation for the electronic susceptibility abbye Assuming a semicircular
density-of-states, we obtain an analytic relationTegrin the limit of large Hund’s coupling from the
condition that the inverse electronic susceptibility vanishes. Our expressidn: fagrees with an

earlier result based on the local-moment susceptibility and corrects a mistake in a result based on the
self-consistent equation for the magnetization beloye © 2003 American Institute of Physics.
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Wlth the rediscovery of the manganites almost 10 yearsyW?) \W?/4— e?, where W= 4t\/Z is the full bandwidth.
ago; the double-exchangédE) model has been the subject For large coordination number the hopping energyscales
of many theoretical studies. At least qualitatively, the DEgas 14/z.
model describes the electron-mediated interactions between |n imaginary time, the full susceptibility of the DE
Mn moments in ferromagnetic manganites. For example, thenodel is given by
DE model accurately predicts the colossal drop of the resis-
tivity below the Curie temperatur&.. One of the most . B T g (R —
promising avenues to study itinerant systems is dynamical (q 'wm)“[’_J dr €om 2 e IR
mean-field theoryDMFT), which becomes exact in the limit
of infinite dimension but accurately describes local quantum X(T, Sioei (1) H1(0)), 2
fluctuations in three dimensioAsHowever, most applica- . .
tions of DMFT to the DE model have been restricted to the\€"€ @m=2MT, T is the time-ordering operator, and

ferromagnetic phase beloW .>~° Although recent DMFT So,i=Sts is the total spin at sitei. Notice that
studies have provided analytic results for the sme(q tom) 5= X(0,1 wm) qp CONtAINS three sets of terms: the
conductivity and spin-diffusion” coefficieAtaboveT¢, no local-moment susceptibility, the electronic susceptibility, and

theory exists for the full magnetic susceptibilipyof the DE the goss telrmst luate the static electroni tibilit
model. In this article, we evaluate the electronic portiory of urgoal s to evaluate the static electronic susceptibriity

el_; el P _ i
to obtain an analytic expression fai. from the condition X — IMa—0w—0 X" (Ql@m=w+ie), where
that 14*'—0. 178 ‘
The Hamiltonian of the DE model can be written as x(qion) = Zj dr eem>, e 19 (Ri~Ry)
0 i

(T, CiTa( 7)Cigl( T)dﬁlﬁ"fm"ia )

= _th (CiTaCJaJFC;raCia)_z‘]HEi Si'S @D As shown in Fig. 1), we may write x°(q,iwp)

=2 wxin(diwg), where v ,=(2n ,+1)7T are Fermi—
Matsubara frequencies. For aﬁxex;L1 the matrix(in Mat-

Wherec andc;, are the creation and destruction operators,SUbara spagey(a,i wy) obeys the Bethe—Salpeter equation

for an electron with spirv at sitei, s;= (1/2)c «OapCip IS . O

the electronic spin$ is the spin of the local moment, adg X(Qi o) =x (A o)

is the Hund’s coupling between the local and electronic +X(O)(q [ 0m) L (i 0m) (G @), (4)

spins. As is customary, the local moments are treated classi-

cally. We shall study the DE model in the limit of large wherel'(iw,,) is the vertex function anct(o)(q iwy) is the

JuS for the semicircular density-of-statepo(€)=(8/  pare susceptibilitd. This relation is sketched in Fig.(t),

where summations are performed over the internal Fermi fre-

3Electronic mail: fishmanrs@ornl.gov quenciesv, and vy, .
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RN e (Gup(a,in))=8pli v+ p— €= (InS)*Golinv)] ™4,
(a) 9
where G(iv)=11iv+pu—WG(ir))/16] plays the
role of a “mean field.”?
When J,S is much larger than botiW and T, it is
em e straightforward to show that the susceptibilities with,

(b}
@ ’“ ST =0 beeomedtO= ~ aiT2id, xk=(1- 5T Ty, and
BT ERCRILICY .

©) T 8 1 -1
Xin (q=0)=W5|n 1_an Zn'|'§fn ) (10

v, k v, k'

(c} l+m | n )
° oo = _<_l— 5 4 5 where f,=z,+ \/zﬁ—W2/8 and z,=iv,+éu. Here, du
L S }*C e =pu+JyS for band filling p less than ¢) or greater than

(=) 1, corresponding to one electron per site or a completely
FIG. 1. Diagrams representin@ the full susceptibility,(b) the Bethe—  fijlled lower band.

Salpeter equation, ar(d) the local susceptibility with dashed lines connect- loc(0) 0)(y— ; i
ing the center of each Green’s function to the local moment that is averaged O.f course, bOthX a”‘,j X (q 0) can be Immedl .
over. ately inverted because each is proportional to the unit matrix.

If x'°¢is a 2n,x2n, matrix with |y ,|<(2n,—1)7T, then

- . ) its inverse is given by
Within DMFT, momentum conservation at the internal

vertices of irreducible graphs is disregarded so that internal oc-1_ 3] P fify 11
Green’s functions are replaced by their local values. Conse- Xl —T In i 2n,—1J" 1D
quently, the vertex function in Eq4) and Fig. 1b) is inde- _ . _—
pendent of momenta and may be evaluated from an identicé‘i follows that the inverse of the full electronic susceptibility
Bethe—Salpeter equation whegéd,iwy,) and x(©(q,iwy) matrix with w,=0 is
are replaced bjocal susceptibilities at site 1, obtained from 1 W
the g-dependent susceptibilities by summing over all Xin (A=0)=5|dn| 7~ —2fi(z+ 1)
In other words, T'(iwy)=x"(q,iwm —x (0iwm)
:)_(Ioc(O)fl(i wml) _)_(Iocfl(i wm)_8

Defining G/5(iv) as the local Green’s function for a . _ e
fixed orientationrh of the local moment, we obtain the local that deby *(q=0)]—0. With R,=(Vz,—W*/8-2,)/2, Tc

2

3
+ —an_lﬁfn}.
(12)
The condition forT; that Xe'=2|,nx,n(q=0)—>oo implies

susceptibilities is implicitly given by the relation
loc(0),; T loc, 2 Rﬁ —
Xin (Tom) == 78 Ga(in)) 2 m—l- (13
X<G',§’,f(i VtHion) om0, (5  Also in the limit of largeJyS, the band filling is given by
o T o e 1 1
Xin (fom) = = 7{8in(G3a(1v) Ggi(iv +iwy)) p=1+§sgr(p—1)+2T§n: R Tl (14)

_5m,O<G|OC(i ) G(i v ol s0hs,  (6) These results agree with Furukdiexcept for a corrected

@ Ok
_ g N . definition of R,.° Notice that Eq(13) is independent of the
where expectation values denote averages GveEquation loc

_ > v Y size of y°°.
(6) is represented graphically by Fig(cl, where " de- In the limit Tc<W, replacing the Matsubara sums in

terms of theg-dependent Green's functio@,4(q,iv|), the
bareqg-dependent susceptibility required in Eg) is W2

__{ Ji—y2— ‘%tanlx/S(l—y?)], (15

) T _ C8xw
XA wm) == 715802 (Gaa(kiin))
k —1+1 1+1 1—y?+sint 16
X (G K+ 0 vy +i )02 502 5. W p=1tzsop— D+ Z{yVi=y+sinyl, - (19
In the bare susceptibilities of Eq&) and (7), the averages wherey=2v25u/W. These results are identical to those of
over rh are performed separately for each Green’s function.Auslender and Kogatf, who evaluated the local-moment
The local andg-dependent Green’s functions were first susceptibility by integrating over the Fermionic degrees of
derived by Furukaw4: freedom.
1. _ s Results forT- /W from Egs.(13) and(15) are plotted in
Go ('2)_5“5 JHSO'“Z'B m, (8  Fig. 2 for O<p=<1. Symmetric results are obtained for 1
Go “(iv) = (InS) <p=2. Since the maximunT¢ at half filling (p=1/2) is

G(iv)=
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002577 T T T T T T T T the quantum corrections due to the local mutual precession
: === of the electronic and local magnetic moments. These quan-
0.02p 1 tum corrections persist even in ttze-c limit when S is
: ] finite.
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FIG. 2. Results forTo/W from Egs. (13) (solid) and (15 (dashed vs
band-filling p.
K. Chahara, T. Ohno, M. Kasai, and Y. Kozono, Appl. Phys. 1&8}.1990
1993.
2I(:ogrgaareview of DMFT, see A. Georges, G. Kotliar, W. Krauth, and M. J.
about 0.022 W, the approximation-<W is certainly justi- Rozenberg, Rev. Mod. Phy88, 13 (1996.

fied. Hence, we have established that the Curie temperatur?’:l‘- EUful':awav J@Ehy_s- SC;CMJFM ?7545_1935?)- A Keol is D
- - - . Furukawa, inPhysics of Manganite®dited by T. A. Kaplan and S. D.

can be evaluated con5|stentl_y from the divergence of either ;- onii (Plenum, New York, 1999

the local moment or electronic portions of the magnetic sus-5a. chattopadhyay, A. J. Millis, and S. Das Sarma, Phys. Re&31R.0738

ceptibility aboveT - as well as from a self-consistent relation  (2000.

. "A. L. Chernyshev and R. S. Fishmémnpublishea
In future work, we shall generalize the present approache,, Jarrell, Phys. Rev. Let69, 168 (1992.

to include all sets of terms in the full susceptibility of EQ. °Equation(46) of Ref. 4 contains an error in the solution fa,
(2). However, our calculation, like all previous ones, ignores®™m. Auslender and E. Kogan, Phys. Rev.6B, 012408(2007).

Downloaded 11 Feb 2004 to 129.137.4.15. Redistribution subject to AIP license or copyright, see http://jap.aip.org/jap/copyright.jsp



