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INTRODUCTION

The electronic structure of actinide metals has been the subject of
several studies in recent years. 1,2 Actinfde metals are characterized by
the existence of two overlapping bands of d and f type and 3 strong hybridiza-

2. The magnetic properties arise fundamentally from the com-

tion among them
petition among kinetic and Coulomb terms, but in actinides, these properties

are also strongly connected to the amount of d-f mixing. ;n a previous
calculation 3 the magnetic instability conditions are discussed within the
Hartree-Fock picture which is expected to hold for large bands and relativel
weak Coulomb repulsions. In this work we discuss in detail the calculation

of the one-electron propagators for f and d electrons in the opposite case of 3,
namely a stron‘gly correlated limit. The strongly correlated limit was already
discussed 2 within Roth's vartational method for intra-band correlations or
inter-band correlations. Here we adopt a simpler prbceduré namely a Hubbard-

like approximation. This method has been previously used to discuss correla-
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tion effects in degenerate transition metals 4, and here we improve it to
take account of the hybridization effect, which seems to be one of the
most imporian; parameters in discussing actinide metals. The calculation of
the one electron probagators is the first step of the calculation of the
magnetic instabilities within a Hubbard 1ike approximation. The application
of this method to the instability probTem is the subject of a forthcoming
paper 3, The plan of this paper is as follows: firstly we derive the
equations of motion for these propagators within the Hubbard-like approxima-

tion. In the second part these equations are solved using Fourier trans-

formation and finally the self-consistency problem is briefly discussed.

11, FORMULATION OF THE PROBLEM

We start from the hamiltonian for the pure metal 2:

d (f | d) (d f) (f
= 1 ng) 4 djg + 1 ng)'f?o fio * Ud ; "$+) "§+) * Ug ? "$+) "$+)

1,3,0 15,0 L 1 1

-
*lgel {5&2) nfe) + P n{D ey {Vdf Ao Fio * Veg Tio di%} (M
i S I
where the notation is. the usual one (in the Wannier representation), and for
simplicity we took the mixing matrix elements as k independent.. The Jast
approximation may be easily removed as in 3. We intend to obtain the
equations of motion for the one-electron propagator <<dic3 dj;>>w and
<<fio3 f;c>>w. We consider here in detail only the first propagator since
the f propagator can be obtained just by replacing d by f in the equations
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of motion.

From (1) one can derive the following exact equations of motion:

+ 1 d
w <<d, s d. >, = 2; i3 + 21 T( ) <<d

+
; >>
ig? h 20 d

+
%o° "30 " w + vdf <<fio’ Qjc>>w

: df >>

(d) . dt ' (f)
Uy <niss dig djc>>w * Idf Mo digs jo" w (2)

and

. q* - (f) L4t . qt
w<<fob 457> = Ly Tig' <Foos 456770 + Ved <<digs 45077

(f) . <cn{9)
g <mills f1c’ d30>>w * g <o figs d Jc >>,(3)

Equations (2) and (3) involve four unknown propagators, which we label as:

dd od - (d) +
(w) = <«<n; d1c’ dj0>>w
fd d f :
63" (w) = <<n$ z di o d}c>>w : (4)

U d( ) = <<n(fz £ 3 db >

dfs d( cenld) £ gt

. 3 >>
) i-¢ io? djc_ w

Now contrary to the Hartree-Fock approximation 3 we do not decouple pro-
pagators (4) but instead we write down new equations of motion for them.

Hamiltonian (1) has translational invariance, the propagators are diagonal‘

in Bloch representat1on $O:

(w - el 6wy = __ 4 e 6 fdw) + g 634:9(u) + 1, 6f afddiyy  (5-a)

ff d df ,d

(- e{T) 6f%w) = Vpq 68%w) + U, 6T %w) + 1, 6870w (5-b)
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) DETERMTIATION OF THE PROPAGATOR G2%%(u)

The exact equation of motion is:

d d +
. d;c>>w+z£ T( )<<n( )d id, >>

dd,d,
U )G -0 %0 jo Tw

(w- (w)= »= <n(d)> 8; 5% Idf<<n(d) $ d.

f)
-g io?

(d) _ o F 7 + df d
* 22 d1 e} dz-o d£ -0 d; —qu1o dJc>>w M Vdf ij (w)

+ oL + ; dF
P Var <Ying fio digd 5077 7 Ved*<Tine dino dio? o™

(6-3)

The new terms that appear in equation (6-a) must now be treated in a certain

approximation; the kinetic like terms are Hubbard 6 decoupled:

zl ng) <<n$§g dg d R <n(d) 22 7{d) dd(w) (6-b)

(d) - +
22 Tig << -c dz-o 2-0 d -G d dJU w

= 2 T(d) d, > - «d* di_o;}egg(w) =0 (6-c)

1 -g -0 =0

where (6-c) follows from the existence of translational symmetry. Now, the
terms arising from the hybridization are of two types: the first one

df d(w) is not decoupled since it appears in equation (3) as generated

Var G
by the e]ectron correlation, and consequently is separately determined. The

second type of terms are the last two of (6-a); these are decoupled as:

+ + + Lot

- + + dd -
= {Vdf i Fi-o”> Ved Tio 4i0” }G j(w) = - (6-d)

where (6-d) follows also from the translation symmetry (cf. below).
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Then one obtain for (6-a):

- dd,d 1 (d) d f) . df d
(w Ud)Gij (w)= 5r <n’g >61j + Idf <<n$_; "S-c dio’ dt et vdf (w)

+ <"Sg)> Ly ng) Gdd(w) (7-a)

or Fourier transformed:

(m~ud) Gdd d(w)= <n(d)> + I <<(n(d) n(fg d1c)k’ 2t <n( )>e(d)Gdd(w)
‘ f,
+ Ve 63740 | (7-b)
Equations (7) still involve the propagator <<ﬂ(d) n(f) digs d;U>>w, we now

determine it completely. It satisfies the fol]owing equation of motion:

(w-ud-ldf)«n(d) (f) d. <n(d) (f)>5 +z T(d)«n(d) () 4 4% >>

io? 30 Ni.g %0’ jo %w

(d) __[,+ Lt (f) +
+ 22 Til <$_?i-o dl-o dz-o di-o d djc>>w

(f) o+ (d)
+ 22 T << fi-o fzrc z~o fi -g d1c Jc>>w

(d) (f) . gt
Y Vae <Mios Meo Tiod 95077
(f) - ntf) + :
+ vdf <<d1 c i-o d1c’dgo>>m vfd <<fi cdi-c d1c dJc %
- (d) ¢+ + - (d) +
+ vfd<<" 1-od1-od1o’d30 w Vdf<<n d} —of1-cdxo’dao w

(8-a)

The terms involving kinetic effects are easily decoupled; due to translational
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symmetry only the first term survives (cf. 6~c) and one gets:

T T <anl® nlfl g a5 Dl D) 6l (sn)

The last four terms, which involve d-f hybridizéfion can be handled exactly

Just using the properties of d and f operators. One may write:

v

Vdf<<d f1 -" sfg 1o;dgc>>m'%'vdf<<d1 Uf1 cd10 d;c w ﬁ"'(afpl'
df<<"(d) i-o fi-cdic;d;0>>w = Vdf <<d:-c.fiec dio;d50>>w (8-d)
where we used f, . ngfg = f,_sand nsdg d:_c = d:-o' One has also:
Vfd<<f1 od1-on$fgd1o d;c>>w = Vfd<<f1 -0 sfg 1-0d10 &jd >u= 0 ! (S‘E; 
fd<<"$dgf: cd'-cdwo djo w Vfd<<n(d) g :-Gdlc dj@ w=0 (&)

Then all the four last terms cancel out exactly and there is no need in

making approximations. The final eqUat1on of mot1on is ‘then:

o (d) (f o d f (d) (f (d)
(w Ud Idf)«nl -C g g ic d30>>w " ?? <n£c) ( )> 6 J NN 22T12 GZJ(w)
' ‘w w) 4t )
* ydf <<ng_ 1 -0 1c’djc>>w (9-a)

oy

or in Fourier transformed version:

(g Tgp)<<(n§nf e, st = 2= <l nlD)> o anlDnlTocld) 6ff(a)
\ +AYdf “("(d) “gf;,fio)k; ?:O>>w (9-b)
"dd,d "

To complete the determination of the G’ (w) one just needs to find out the

equation of motion for the last propagator in (9-b). One has:
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(w-Uf ~1 )<<n(d) (fg i ;o = 21 T(f) <<n(d) $f;f£°, 3&>>

(d) 4 () +
2 T << d1 -G R=G 2 cd1-o N ofio?d;

() clgt _f* n(d) +
+ 22 Tiz << fi-ofz-o fz-cvfi-c i- cf1c dJc 0

(d) (f) -
+ Veq<<ni g d10 dJo >w | (10-a)

In equation (10-a) we have dropped the terms in vdf which cancel out exactly

as in equations (8-c) to (8-f). The kinetic terms are Hubbard decoupled and

one gets:
d) (f d f
(w-Ug-1 e )<<n$ g $ gf1o d;c>>w = <n( ) (f) 2 T( ) GQJ( )
(d) (f) q. . ¢* )
* VegNieg Ni-o dic’ djc>>m-- (10-b)

Fourier transforming:

(w-Ug-1 df)<<(n(d) (f) f. = <ngg) n£;)> e&f) G:d(Q)

10)k’

( f . 4t
Veq <<(n{®) n{flai )i Gy D)

One sees that equations (7-b), (9-b) and (10-b) completely determine the

dd,d

propagator G (w) in terms of Gk (w) and Gk (w)

b)  DETERMINATION OF THE PROPAGATOR Gﬁj@'d(w)

This propagator satisfies:

fd d f d) (f a* d f +
df)G (w)— <n( )>6 +Ud<<n§ L $ Ld1o Jo>>m Z T( ) <<n$ gdzc’dj >
(f) ff d
+ 22 T <<[f1 -g' -0 2 -0 1 -0 d1c dJU w Vdf ij (w)
4
* Vfd<<fi-cd1 -o%40° jo>>w vdf<<d1-cf1 ~odig? dJO w (12-2)

j-g ig? Jo %
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The kinetic terms and the last two terms are decoupled exactly as in equations
(6-a, b, c); one gets:

-1aefdhdry e oo () (d) (f)
(w Idf) ij (w)= 7n N g Sij + U Mg N d10 dJc>>w+

+ <n(f)> ZQT(d) Gdd(“’) +. vdf Gf;’d(w) (12-b)

Fourier transforming:

(w-Idf)G:d’d(w) "5; <n£§)> +'<n£g)> Eéd) Gdd(w) + Vd fo d(d)

(d) (f) :
+ Uge<(ng. i-o dio)k’ Yo™w

—~~
(o]
et

<) DETERMINATION OF THE PROPAGATOR Gf§’d(m)

One has: . :

670w = v <l {0 05 dl s, v gy T cen@) ey

{
W Idf) i~-g 1-0 io 1-0 20" JO’ U-)

+ . gt dd,d
¥ Zz i <<[?1 o Y0 " Yo diﬁi]fic’djc>>w* Vsd G’j ()

+

- _ + +
+ Vye <<d1 -~ f1~o fic’djo>>w Ved<<Fig di-ﬁ fio dJo>>w
(14-a)-
Guite similarly to (12) one obtains: ‘
<m-1df)5$§’d(w) = Upcen{?) ngfg fig3di7, + (s g (D) Gfd(w)
dd d 1
+ Veg 655" (w) (14-b)

(v Fourier transforming:

i-c io)k’ ko Tw

(15)

(w14 63F9() = <n(d) elf) Qfd( w) + Veq 6209 w)sUec(nl®) n{f) £y sat >
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d) DETERMINATION OF THE PROPAGATOR Gﬁ'd(w)

The calculation is quite similar to the previous cases so we only quote

the result:

ff,d fd,d

(u-Ug) Gy (w)+Idf<<n(d) (e > (16-3)

f).fd
(wp=nl> 1, 1{DefS (0 vc TS afiaidie?

ig lJ
or in Fourier transformed form:

ff,d

(0-Ue)Gy *Ywmen( D> elF) 6Fduyy gfds *9(0)+1 gg<<(nfd) nff) ) g )l

(16-5)

ITI. SOLUTION OF THE COUPLED EQUATIONS

Since the propagators <<(n$fg ngfg L I d:c

<<(n$dg (f) f1o)k' dko>>w are present in almost all equations of motion

>> and
w

we firstly determine them in terms of ng(w) and G:d(w);

Combining equations (9-a) and (11) one gets:

| (d) L(F)
<n n >
1 - Wdflz 1 <<(n(d) (f) d. )k’ 'l: - _2‘__ o
{, (w‘Ud df)(w‘Uf df)vJ 1-0 Ho oW T ~Uy - Tg4¢
8 ol @ > o
i L P Var G %(w) (17-2)
w- Uy - Tge (w-Ug-Igg) (0-UgmTy¢)
and
(d), (f)
{ <n® /n‘’l>
- IVar|? ] <«<(nf® ol g ) 5 dt > =___°___°_____e'£f)G:d(w)
i (“"Ud"'ldf)(w"uf'ldf) r "-o Mo w w-Uf-Idf
d) (F d) (f). (d
: <n! 0) nfq)> <n£o). n °)>€|§ ) -
* 7w Ved + fd & (@) (17-p)

(wUg=Tge) (0-Up-Tyqg)  (w-UgmTge) (w-Uy-Tye)
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The solutions (17-a) and (17-b) can now be substituted in the pertinent

equations of motion. Now we completely determine the last two terms of

equations.(s—a).

a) DETERMINATION OF u, 6X%4(w)

Combining equations (7-b) and (15) one has:

( [Vasl® 1 oug (4 U
1 - Ug ng’d(w) = — N_ > —— <n£g)>e£d) Gsd(w)
iv (w'Ud)(w'Idf)‘j 2“ w-Ud w-Ud
@) 5 (F)
g 9k £d
+ Ve Gy (w)
(D-Ud w“Idf

1

U
+ __E_ Idf<<(n(d) n(f) d.

!
+
i-g i-0 1c}k’ dkc>>w

Ug Y
:b._—.—.

w'Ud w'Idf

vdf<<(ni-o "o fio) k%™

(d) ﬁf) b

(1)
L

Equation (18) together with equations (17) provide the complete determinati.

of’Uded’é(u9in terms of Gﬁd_ and sz. Now one determines the contributior

Ly Gfd’d(w) to equation (5-a)




b) DETERMINATION OF 1, ofh )

. One starts combining equations (13) and (16-b) to get:
[V, el? I
.- af 5fd.d

w-~U - I
1 df
Lv ( - f)(w-llf) df k (w) = __, df

eomt—— <n£:)>+ e . 1]
0-lye w-Ige

e g

). .(f
w A
+ v (w)
df
w"Idf N‘Uf
I
df
(d) (f)
t = Ugeelnig D) 4 dko ®
df
I I,o.
df df
d) (f
t = gy <<<"$ S AR AT MEE
w-lge w-lUe
(19)
Eouations ; ine 1. gfdsd dd
quations (19) and (17) conplete]y determ1ne Tgs G 7 (w) in terms of G

and G:d, and also complete the determination of the propagators appearing

in (5-a). Now we start calculating the propagators involved in (5-b).

) DETERMINATION OF U 6889 (w)

One combines equations (16-b) and (13) to.get:
. . S

|Vdf|2 U : ‘U <n(f)>V
4\}1- U 67 dw) = f — anlfel® 6fd(u) + L o "
| (wUg) (w-Tgg) w-Ug 2n (w-Uf)(w-Idf)
b (f d
by e ” dd( ) r (nf®) n{fe 5 .
-+ W)+ ——— ], << ny f.
fd df i-g io’k” kc
w-Uf W - Idf w- Uf

o “T" Vg <<("( i) 4 dip, (20)

>>
]
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Quite similarly, from equation (15) one has:

I I
df df |
adfs d(w) N <n( )y s(f) Gfd(u) . qdds d(w)
Lo Gy ol Veq G
O=ldf “ldf
I . |
df
d) o(f) ¢
+ Uf <(n (-c ni-a 1o)k’ d >>w (21)
w-l4¢

dd d

Since the propagator G (w) is completely defined in (18) equation (21)

defines Gdf d(w) Equat1ons (20) and (21) complete the solution of equation
(5-b).

d) LIMIT OF STRONG CORRELATIONS
In this paper we are interested in the limit of Coulomb repulsions much
larger than the band widths. We consider then the Timit 6f the above equa-

tions when Ud’ Uf and Idf are equal and tend to infinity.

From equations (17) one sees that:

(d) nif) - (d) (f) =0 . (22-3)
blz «<(njg N -0 d1c)k’dkc>>w bl$<<(n1 -0 f1c)k ko >0 =0 (2273
Showing that simultaneous occubancy with opposite spins is inhibited. Quite

similarly one derives from (18) and (19) that:
' dd,d fd,d

lim G, *%(w) = Tim 6, "*"(w) = 0 (22-b)
Usoo Yoo
and also that: : 1
in Uy 65w - fg_’> el - 1im 1, <<<n“’z n{T) a0, 5800,
(d) (f) (d) ,(f)
d Ny Mg d) dd N Mg (d) dd
= - §;,<n£°) E; __427;__Jl_ - <n( )>e( ) 6 (w) + ___25__-_- eld) G (w)

(22-c)
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in 1ge G %w)=- g7 en{Clo-anlDoel) 6 a)- m g <<(rf%d i) dighiids
<n.(_g) ng;)) <n£g) (f)
a - %; <n(_g)>+ .211;. > ‘ ) (d) dd(w) + ——E—F—-—-‘ E(d) Gdd(w)
' (22-d)

Using (22-d) and (22-c) and defining:

a"’; anld)s 4 <nlf), o () ntf),
-0 -0 -C ~g
one obtains for the last .two terms of (5-a) in this limit:
dd,d d, 1 1T - -g_(d) .dd
b.‘.'.?:["d Gl + Lgp G0 = - o - 0D g0 e
Equation (5-a) can be rewritten using these results as:
e e&d)(l-a-o{} 69%(w) =.%; (1-07) + Ve GF () (23)

~ Now from equafions (20) and (21) one derives that:

Tim 6T *9(w) = 1im 6T %w) = 0 (24-2)
Yoo Unseo
and that
- f, f) of
Lin Jug 6f %w) + 14, 62T d(w)j‘ o« ;& ) 6f4(w) (24-b)
Equation (24-b) enables us to write instead of (5-b):
{é - e{P(1-a” ;}G (@) = Vg 60%w) (25)
The final solution for the Gk (w) propagator is obtained cbmb1n1ng equations
(23) and (25) to get:
dd 1 1-0a7° 1 o\l (f) -0\ |=
G (w) = o - = 5= (1- a0 "Nu-gp (1~ a ) b9y (w)
Vg

(26)
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The propagator (26) is a clear genefa]ization of Hubbard propagator 6 for
two bands mixing and all Coulomb correlations. An expression for the
Gk (w) can be obtained from (26) Jjust rep1ac1ng dby fand f hy d.
Incidentally one notes that
v -c '
- , !
£d 1 Yrall-e ") -0y )
S (@) = 5= = Veg(1-a" )Gy (w)  (27-2)
2 el (12470 | [ (P (100 2 f
w-eg ' (1-a )Jle g (1-a )-lVde

and |

Vye(1- @)
Ew-el((d)('l- a-c):i@ -elgf)(kcx—o):,-lvdf[z

From equations (27) one concludes that:

- 1__ .
G () = o = Vye(1-00)G, () (27-D)

+ - 2,0 -0\ [= _ + .
vdf<dcr fo>‘ " lvd'lr'i (1-a )nggk(w)] - vfd <fo dc> (27-c)

Justifying then the result of equation (6-d).

IV.. SELF-CONSISTENCY CONDITIONS
The propagators ng(w) and G:f(w) contain the occupation numbers <n£g)>,
and <n(f)> and the correlation function <n£g) n£§)> . The first two

quantwt1es'can be self-consistently determined using:
(d). _ “dd, ||
<n0' > = Ek F(D ch( w)j»

<nc - I u){:ff(w{} (28)

It remains however to determine the correlation function <n£g) n£2)>. Since
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this quantity cannot be determined from the propagators discussed in
paragraph II, we use here a method due to Roth 7 to explicitly calculate
<nSd) nSf)>. One notes that defining Bis = g;) dJO’ and considering the

propagator <<d o B.

>> :
i, One  gets

+ (f)y ¢ »
<djo d;,, nie’> F, <<dw,6JU w (29)

from which taking i = j the correlation function can be determined. Since
the only modification is the choice of the operator on the right, the equa
tions of motion discussed in paragraph Il are unchanged, except for the
anticommutators ;E <[§i, si] + >. In appendix I we quote the 2quations of
motion necessary to determine the propagator <<d; 5 Bjc>>w . The solution
of these coupled equations follow exactly the same steps as in paragraph II.
One obtains in the limit of infinite Coulomb interactions the following

résult:

»GEB(N) = £;~{<n§f)>-<n$g)néf)? +

w-e&f)(1-a_U)J; h

.jw-eﬁd)(1- «™%)-

L

)

df i
d) (f) (f f).(f 1
r el (B0, L, 1 . [t -
weeg (1= a 7) L
N N () RN ) I ) B | (30)

-0 0 © -0 g ¢ "C"O'O'O';

The propagator (30) still involves correlation functions which now we connect

to propagators determined in paragraphlll. One has:

SRR SRS w{ | (31-2)

since 1im 67" *T(w) = 0 (cf. 22-b). quite similarly
Yoo .
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<n£g) ngg) ngf)? = <n£§) nSZ) f; fg) E F {<< n(d)n(f) )k; f >> } =0

i

1«0 1=0 10
(31-b)
f} - + ff d -
<"Sq) fy dy = Zk F {6 ° ( )} =0 (31-¢)
d
5 %5 d;> = I Fy {Ggf’d(w)} =0
(31-d)
1
SO AL AR AR DY
and finally:
: f +
oD 0 ¢, = 3 7, el nff) s ey 0
Using these results (30) can be written as: |
' N +
4 H Vv <d' f >
. | Vdfl? df, "o o
qumef ) 1-070) - iy - Ll ) o
| ‘ w-séf)(l-a—c) | (1-a7%)
| ) (32)

Now we recall from (27-a) that:

vdf<d f > = —— lvdfl (]-a’c) Zk Fw{gk(w } = lvdff 1- o ) N(? ) (33‘3)

N@©) =5 I F@ ()}~ | (33-b)

1
(33-¢)

elw) = = TS
el (1-0) [ o -V (167 - 1¥gel®

Using equations (33) one gets from (32):

f £),q_ - - 91 T (w
6w = 3 teanD>fure{P (100 ")} [Vgel 2(1-670) N(@™)} Gy ) (34)
Equation (34) enables us to determine the correlation function <n§d) ngf)>'

S .
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one gets: , _ .

ald) {0 . <l N (o) - [Vl 2(1-07%) tN(@™0)3° (35-a)
where

No(a™0) = 5= I, F.I @u—a,ﬁ”(va"’ﬁﬁk(w)} (35

Now from equations (28) one gets:

<n((7f)> = (1—(1-0) Nl(a-c) ‘ (36‘&)
where . : N

Ny (%) = 5h Fw<&w-e£d)<1'~a‘°yak<w> JL | (36-b)
and also: '

<néd)> = (1-a™%) N, (a™) {36-c)

The coupled equations (35-a), (36-a) and (36-c) solve the self-consistency
problem. Now if one is interested in the paramagnetic region (as in the case
of the conditions for magnetic instability 5 ) the coupled system can be

simplified to give:

an(d) (F) o nlf)s N, (a) - ]Vdf[2(1-a)[ﬁ(ai]z (37-a)
L Y N, (o) (37-0)
s < (1) N, (a)

This system can be solved to>give the self-consistency condition:

-]i"— = Ny(o) + N (a) = Ny(a) Np(a) + [Vyel2[N(@)]2 (38)
-Q

Given the band structure (eéd) and eéf)), the mixing Ivdfli equation (38)
must now be numerically solved in order to get the parameter a. It sould

be emphasized that the fesu1ts are to be expressed in terms of the number
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of electrons (d and f) as discussed in ref. 3.

DISCUSSION AND CONCLUSIONS

and G:f have

In the above pakagraphs the one-electron propagators ng
been calculated within the Hubbard model. This is a natural extension for a
two band problem, of the usual Hubbard approach for narrow bands. It
should be emphasized that the same type of inconvenients of a Hubbard Tike
picture are still present here, and some of these difficulties, if one
intends to discuss ferro-magnetic cases have been removed previously using
Roth's method 2. We want to stress that this calculation is intended to be
applied to non-magnetic cases {as the calculation of the suscepéibi]ity in
the paramagnetic phase) where many of the above problems disappear; The
formal expression for the propagator is the expected one; one Aas a narrow
band, through the factor 1-a™C and the hybridization correction where, say,
a d-electron is d-f admixed into the‘f-band, propagates within Jt and is
admixed back into the d band. The narrowing factor involves Ng>s <> and
a2 correction for simultaneous occupancy of a site by d and f states. This

correction arises from the existence of simultaneous interactions. Physical-

ly one can say that the d-band is narrowed by <nfq> due to Ud iqteraction, or

f

by <n_,

> if there were only Idf interaction. In presence of both interactions,

the band is narrowed by <nfo> + <nfc>- <nfc nf0>, -the last term accounting

for double occupancy of site i. Finally it should be stressed that higher

1
order propagators generated by d-f mixing were not decoupled when they cor-

responded to propggators generated by the Coulomb rep ulsions, énsuring then
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correct behaviour in the limit of strong interaction. In the last paragraph
the self-consistency problem was discussed, including the complete determina
tion of the correction <nfl0 nfc> to the band narrowing. The final self-
consistent relation determining o ® was calculated only in the paramagnetic
case, since it is the only one of interest in the determination of the
magnetic instabilities through the susceptibility. The magnetism conditions
as obtained from the poles of the susceptibility is the subject of the next

paper.

APPENDIX I
EQUATIONS OF MOTION FOR THE PROPAGATOR <<d£0; Bj0>>

One has:

(w’el((d))Ggs(w) = -2117 <n((7f)> + Vdf GkB(w) + Ud 9B(w) + Idf G ’B(w) (A-])

(el )6 (w) = o <fd® >+ Voy 688(w) 4 U GETBlw) + e 68ToB(w) (A-2)

1} Determination of the ng’BPropagator

(U6 B w)e g (@Dt pec(n{nfTa; ), 58y on ren Dol Ve +

£,
+ Ve GO 2B (y) (A-3)

(w-UyTyp<<tn{On{fla, ) st 5> = L anlBn{a (o (Dn(0), (d)edsyy)

(d) (f . -
+ Vd <<(n1 ni-% fio)k’ Bkc>>w (A-4)
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f 1 (d).(f d) (f)._(f).fB
(o-UpLyg)<<(ni g0 o)y gy 77 nfoan{ UfitirrenlEnDoe{ e o

#Veg <<nfD o a0 w2, (9)
!
i4) Determination of the GLo*B(w)
(w-Idf)G:d’B(w) = L_<n$fg (F)s 4 <n( )> s(d) GdB(w) + Ve Gﬁf’g(w)
d f -
+ Ud<<(n$_) ( ) f'!o')k’ BkO’ (A 6)
1¢%) Determination of the Propagator Gdf;s(w)
dd,
(w-14¢) 6 edf> fs(u))-- <n(d) f10d30>+<n(0)>s£f)6£6(w) + Veq G B(w)
d),(f) . -
* U <<(n$ g $ ofxc)k’ Bkc>> (A-7)
1v) Determination of’GiTBB(w)
(“"”f)G 8(w) = (f) fs d ot ‘"(o)> e(f) fB(w) + Vg Gﬂj B (w)
d) L(f) . -8
Idf<<("1(-o "i-a Fiolks Be™ (A-8)

Equations (A-1) to (A-8) determine completely the propagator <«<d; 5 Byo>>y
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