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ABSTRACT

We show that there is a symmetry transformation in the symmetric
Anderson model which consist of an electron-hole transformation applied
only for one spin-direction and the change of sign of the Coulomb energy
U. By using this symmetry it is possible to prove that both the electron-
electron and electron-hole correlation are of importance and several
quantities must he even function in U in the localized spin fluctuation
theory.

KIVONAT

Megmutatjuk, hogy a szimmetrikus Anderson modell esetében van
egy olyan szimmetria-transzforméci6, amely csupan az egyik spin alldsd
elektronokra alkalmazott elektron-lyuk transzformaci6obol és az U Cou-
lomb energia el6jelének megvaltoztatasdbol all. Felhasznalva ezt a
transzformacidot bebizonyitjuk, hogy a lokalizalt spin fluktuacié-modell-
ben az elektron-elektron é3 az elektron-lyuk korreldciéok egyarant lénye-
gesek és. tobb kulénbdz6 mennyiség U péros fliggvénye.

PE3IOME

B cTaTbe MoKa3aHO, 4YTO B CUMMETPUYECKOW Moaenn AHLEpCOHaA CY-
wecTByeT npeo6pas3oBaHWe CUMMETPUU, KOTOPOE COAEPXMUT 3/IeKTPOHHO-AbIPOY-
Hoe npeo6pasoBaHWe, MPUMEHEHHOE TONbKO ANA OAHOFO W3 CAMHOBbLIX Hanpas-
NneHUli U M3MeHeHWe 3HaKa KY/NOHOBCKO 3Heprum. C nomowbl 3Toro npeob6pa-
30BaHWA fOKa3blBaeTCsa, 4YTO B MOJAENM N0KalW3MPOBAHHOW CNUHOBOW (OKTya-
UMW KaK 3NeKTPOHHO-3/TeEKTPOHHbIE, TaK W 3MIeKTPOHHO-AbIPOYHbIE KOPpPensyuu
- 3HAUYMUTENbHbl, W HECKONbKO W3 BEAUUYUH SABASKTCA YeTHbIMU (QYHKLUUAMKU KY/O0-
HOBCKOW 3Hepruu.



Since long time the nondegenerate Anderson model® has provided
the base for studying the properties of one impurity in non-magnetic
host. In the treatment of this model the crucial problem is how to handle
the Coulomb repulsion between two electrons with opposite spins on the
localized orbital. This problem has been attacked on two different lines
depending whether the electron-electron or the electron-hole correlation
has been assumed to be the dominating one. The first case has been
worked out by Schrieffer and Mattisp who emphasized that the electron-hole
correlation can be neglected only in case of low electron /or hole/ den-
sity, where for the occupation of the localized orbital by spin-up and
spin-down electrons holds

<nd+> + <ds

<< 1

<ndt>+ <nd” « 1

or 1

respectively, as it is known since the early days of the many body theory”
Nevertheless, five years ago Suhl has suggested that in the opposite case
it is sufficient to consider only the electron—ch?]le0 correlation and
this idea has been followed by several authors *'» working on the
localized-spin fluctuation /LSF/ model. In the following one of the most
favorite limits of this model the symmetric case will be discussed.

The aim of the present letter is to exploit the consequences of
the electron-hole symmetry existing for a special set of parameter values
that in the non-magnetic limit the impurity level renormalized in Hartree-
Fock approximation and the density of states of the conduction band are
symmetric to the Fermi energy. It is important to notice that using such
parameters of the model our considerations are not restricted to the non-
magnetic case, but hold for the magnetic case, as well. As it is well
known, if one applies the electron-hole symmetry transformation for the
conduction electrons and for the localized electrons for both spin orien-
tations simultaneously, then one gets the following symmetry of the
scattering amplitude tx (to-i5) = -t (-m-i6). We suggest now the application
of such transformation only for e.g. spin-up electrons leaving the spin-
down electron states unaltered by which one obtains an other physical
system. However, in order to achieve a complete symmetry transformation



the sign of the Coulomb energy U should be changed, as well. This is
obvious, because applying this electron-hole transformétion restricted

to one spin-direction the repulsion of spin-up and spin-down electrons
on the impurity level goes into repulsion between spin-down tilectron-and
hole, which can be remedied by changing the sign of This symmetry
transformation let us to show that several quantities of the LSP model
should be even function of the Coulomb repulsion which may be interpreted
as a consequence of the comparable strength of the electron-hole and
electron-electron correlation.

The Anderson Hamiltonian can be written as the sum of the
following terms

H=H + H + HV+ HU 1M1
where
=X \(,ag(s aAs + bAs bAs) I1al
Ho=- 5+ (4 +Wdgdg +drg d) I1b/
H = J\s VAd ds(aAs + bA-s) * ¢-C I1cl
= VS ds iy (des des - 1) /d/

furthermore, a+ /b+ / is the creation operator of a conduction electron
above /or hole below/ the Fermi level with spin s /-s/, similarly ds
refers to the electron on the localized level with energy e** and V~d
denotes the transition amplitude of a conduction electron to the local-
ized level, finally, U is the Coulomb energy. By introducing the common
index A and energy for electrons and holes the electron-hole
symmetry is ensured in the conduction band.

furthermore, we assume a symmetric localized level position to
the Fermi level, thus the parameters satisfy the following equation

so the term given by Eq. (Ib) becomes a constant H*=-U/4.



Now we give the unitary operator of the canonical transforma-
tion by which the spin-up electrons and holes ax-e transformed into each
other

T = (d+ + d+) @ ~ axXt aX+ " bX4 bX+ “ aX+ bX+  bXi aX+)

This transformation acts on Heisenberg operators taken at time t=0 in
the following way

TH,(» t_1 -

and (4
T d+(o) T-1 = d+(0)

while the operators aht(°)* b’At(o) and dfr(o) are invariant#

It is easy to check that this transformation leaves invariant
the first three terms of the Hamiltonian given by Eqs. (la-c), but
changes the sign of the Coulomb term given by Eq. (id), i.e.

These mean that if one applies this canonical transformation and
simultaneously changes the sign of U in Hy the exact results of
the theory are unaltered. E.g. if one considei’es the statistical aver-
age of the product of some operators A2(t2)... with positive
U then this symmetry results in the following identity

RH iHti . H(-t,+t ) [iHt.
Tr'E e 1 Ax(0) e 1 20 A2(0) e cen)
<Ai(tD) A2(t2) ..#>" - n =
Tr ¢ %H

<AICTd) A2(t2)..#>.u 16/



where we used that the operation Tr is

tions and subscript U or -U
in the Hamiltonian, finally,
= TAMNoO T . It
and is completely

not.

First we apply our results

Egs. (4) and (6) one gets

<H0 * »V Vv,

the term
can be written

and considering
that the energy

E = <> :j
This result has been first derived
of perturbation theory in U for
considered to be valid only in the

no such restriction has been made.
sion of the energy

magnetic limit) can not be written

given by Eq.
in the general form

+ /terms even in

invariant under unitary transforma-

indicates the sign of the Coulomb term
the operator
is worth mentioning that this

independent of that the

A+ is defined as A (0) =
result is generally valid

impurity behaves magnetic or

to the thermal energy. Making use of

=<H +

0 »V \Y

(Ib) a.lso, one may conclude

u/ 171

by Yo3ida and Iamada’q in the framework
zero temperature, but is has been
non-magnetic limit. In our derivation
It may be mentioned that the expres-

in the Hartree-Fock approximation (assuming the

in the form proved above'l

Similar calculation shows that the free energy also exhibits

the same structure as given by Eq. (7).

Let us turn to the Green’s functions and it will be assumed that
definitions the average is made with a complete set of states
Applying the identity given by Eq. (6), e.g. to the down-spin one
particle Green’s functions. It follows immediately that the one parti-
cle Green’s function must be an even function of JJ , thus the self-
energy must be an even function, as well

in their

E(w)y = Z((0)_0 , 181

e.g. the self-energy of the localized electron must have a vanishing

At zero temperature in the magnetic limit some authors’Qdefine the
Green’s function as the expectation value of operators taken with one
of the two degenerate groundstate wave function. Thus in this case the
trace occuring in Eq. (6) does not correspond to a complete set of
states, therefore, this identity can not be applied to such Green’s
functions.



contribution
third order there are two aelf-energy diagrams given
thus the diagrams containing the electron-electron
ladders have opposite signs
in any higher odd-order there are more

cancel
and electron-hole
perturbation theory.

diagrams, but they should be completely canceled,

which the following

This

correlation with total
in any order of U, but

each other,

However,

Finally,

<d-s(t) ds » V *'*

5 -

in the third order of perturbation theory. Actually, in

in Fig. 1., which
in any odd-orders of the

as well.

we discuss the electron-hole correlation function for
identity holds as a consequence of Eqs.

(4) and (6)

19/

= <d_s (t) ds(t) d+(t') d+s(t")>

Self-energy diagrams in
third order of the per-
turbation theory. The
solid and wavy lines
represent the propagator
of the localized electron
and Coulomb interactions,
resp.

indentity means that the electron-electron and electron-hole
spin zero and one resp.
in odd-orders they have opposite signs.

are of the same amplitude

The discussion of the appli-
cability of the Schrieffer-Wolff'ls)
transformation to derive an s-d
Hamiltonian could be of considerable
interest. However, in the case of the
symmetric Anderson model in some approx
imations” where the electron-electron
and electron-hole channels were not
treated differently it has been found,
that some singular contributions can-
cel each other, therefore, a very care-
ful investigation is required which is
beyond the scope of the. present paper.

It may be mentioned that sim-
ilar conclusions may be drawn starting
with the other form of the symmetric
LSF model suggested by Lederer and
Mills”, but excluding some very special
model our results can not be general-
ized to the problem of the bulk para-
magnons. The difficulties arising in
this generalization are due to the con-
servation of the momenta.



Summarizing our results in the case of the symmetric Anderson
model the energy and free energy sire U/4 and even functions of the
Coulomb repulsion. Furthermore, the electron-electron correlation has
the same amplitude as the electron-hole correlation in any order of
the perturbation theory. This results in the vanishing of the self-en-
ergy in odd-orders. One may conclude that in the LSF theory the summa-
tion only of the electron-hole ladder diagram is not justified, because
e.g. they give finite contribution in odd-orders, as well* Our results
on the different correlations given by Eqg. <9) strongly suggest that in
a correct LSF theory the electron-electron and electron-hole correla-
tions must be treated simultaneously* which means in terms of diagrams
the summation of the "parquet" diagrams. To our knowledge until now no
succesful attempt has been made on this line. We should emphasize that
before a fundamental improvement or clarification of the localized spin
fluctuation theories the numerical comparision of the experimental data
with theoretical results is meaningless.
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