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Perturbative Theory of The Lattice Anderson Model
Wer Yeu Chen' . Hai Qing Lin® and Ming Ju Chou!

Department of Physios, Tamhang University, Tamsur 23137, Taiwan, R.O.C.

“Department of Physics. the Chinese University of Hong Kong. Shatin. Hong Kong.

Abstract
Fhe perturbative caleulation ol the lattice Anderson model has been carried out tor

both the weak coupling and strong coupling hmit. We study in great detail the degenerate
perturbation theory of second order in strong coupling limit. The interaction due to the
hy bridization of the d and forbits do not splits all the degencracy. The encrgies and their
cizenstates are obtained. For the weak coupling limit the perturbation expansion has been
carried out to the fourth order. For higher orders. they must be solved by computer

programming.



I. Introduction

[U1s believed that the Tattice Anderson model can be used to explain mans
micresting phenomena in the transition metals. There is no exact solution available for
this madels none of them gives satistied answers. The usually so called 1N expansion
methods therr divergent can not be effectively controlled. Quantum Monte Carlo
calculation gives some numerical values. it is very lmit. because at low temperature
ONMC 15 unstable and suffers the so called ~ negative sign = setback. The exact
diaconahization studies has been explored and obtained some interesting results. But
the sign of the lattice 1s limited (N < 8 ). The perturbation expansions for the weak
couphing limit. have been carried out only up to second order in literature. [n this
paper we shall investigate the degenerate perturbation theory of second order in strong
coupling Iimit and obtained the fourth order perturbation expansion in the weak
coupling limit. In scction [ a brief review of lattice Anderson model is given. In
section HI the degencerate perturbation caleulation of second order for strong coupling
limit 1s carried out. Insection IV the fourth order perturbation expansion for weak

coupling fimit is obtained and finally in section V a conclusive remark is given,

1. \ brief review of lattice Anderson model

Fhe Tatiee Andersen model s detined by the Tamiltonian

-



where ¢ e vand £z rvare the ereation tannthilation) operators for the electrons

B

indand forbits onsite i with spin o and »., = £ 7. The d electrons hop with

amplitude . thus forming a conduction band ¢, = =2rcos& . The telectrons hybridize

with d electrons with amplitude V. and have the usual Hubbard interaction U between

=

spin up and spin down [ electrons on the same site. The site energy £, defines the
relative positions of fsites with respect to the Fermi energy of the d electrons. When

r , : . . :
/= the model is called the symmetric Anderson model. For the non-mteracting

case. i.e. (7= 0. one can diagonalize the above equation and obtain a two-band

structures with band energies

o T .
El= e v EE (e, - oy +4 ] (=)

he energy cap  \ that separates the two bands is given by

2N=0 f\..';J/Z L4l =y

[he maonitude of the ratio £\ detines the strong and weak coupling regions.

When 70 v 1 itis called the strong Timitwhile 770 v o1 called weak coupling

fimat,



I Second order degenerate perturbation caleulations

Fhe Thamiltonian for the symmetric Anderson model in the strone coupling

it is viven by

=11, 11, . (3)

where

and

th

o= St e eeey (

where 7, s the position for the f-orbital clectron on the site i, V is the volume of the
sample. and N is the total number of electrons in the f-orbital. The non-interacting
ground state is obtained when cach site i is filled in with exactly one f electron
together with the Fermi sea of the d electrons. There are 2% folds degeneracy. The
fiest order perturbation is clearly zero. To find the second order degenerate
perturbation. we regroup the cigenstates of the unperturbed degenerate ground states

=

and define

| AT
N v(fl)'!TmlJ.w--'v_-i/‘.\' . (0)
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where I indicates permutation of all spins. From equation (3) we have
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Nextletus study the effectof 777 on £ LS owe order the spin on the same site

as r. i .ilthere are felectrons on the same site. and order the spins of the same k
value on the Fermi scaas 4. &, . I we concentrate on the subspace of the degenerate

ground state. we have
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By using the identities

_ (N = 1) , A
Rt (L WY/t | P L
(N 2w L NN 2Ly (N2 L-DUN 2L +1)

and
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we obtain

{ Dol 2
L A ' 2Nt by

(9)

S~ (10)

(L



For N vl wa
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[.et the cigen state of 777 be the form

IV FS = 1Y S LLFS
/.

Then 717N GRS = (B = E,)Y S LVES) (14)

, Iy . C : .- ‘ .
where 7, - -7 qassume the energy of the Fermi-level 1s 0 ). The equation (13)

becomes
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Fet ooy =divr v= - we have i»-—ﬁ—f——- = f—j;—; . Equation (17) becomes
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I'his is identical with the quantum mechanics harmonic oscillation with the mass and

. ve . . . :
spring constant v/ = - — k=8 ~.and #=1. Therefore the energy spectrum is
-
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wherem — 00102000 -m = 0 1s the new ground state.



IV The forth order perturbation expansion for weak coupling limit

In the weak coupling Himitwhere 7 v is small. we can expand the ground state
Cherey per site ina power series of Coulomb interaction U, Now the unperturbative

Hamiltonian is

s

I .o
" \ Z(L'A’T foo=he) . (21)

where 7., is the Fourier transform of  f_ . Note that in equation (21). there is no
cross term between different k values but the interaction ( the [Hubbard U term)
will mix them. Detining the Green's functions for the localized f-electron. the
conduction electron. and their mixture as. respectively.

QT = =<l (e () >

- 2k
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=g (0 =0 (23)
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where T 15 the time ovdering operator. A(r) = 7! A= and < s defines therial average. In the
ollowing we drop o indices for stmplicity. Tt s also easv to see that D (7D =0 for L = 4 bocanse ot
f':ll. (3).

o the mupertirbed state, we write the cauation of motion for the Green's function. by nsing the tacr
that,

1A(F
’“/L) = (. A(r)] (25)

to obtain,

’/1/2/\:(”) . ) -« 0
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dr FIkk Lk
r/])gk(r)

dr

Fourier transforming to frequency variables,

= —ex DY) = Vgl (7) (26)

1 i
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S(r) ==Y e iwnt (27)

where w,, = (2n + 1)a/3. We have,

(Twy — Ef).‘]?k(“'Vl) - V*ng(wn) =1,
"V.(]?:k(“"n) + ("u"n - ek)ng(wn) =0, (28)
and we get,
1
0 /Ly _ 29
!]kk(‘**n) = - = ) (29)
twy — By — ;j:v—le—k
Similarly,
1
Glwy) = - 30)
L icu,, - e — ;:I_‘lj%‘f (

Equations. (9) and (10) can be rewritten as
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kg 20



Note that i may simplif computations when one keeps o-function hefore performing final sunnuations.

Following standard procedure. we Lave

_\_‘ - “Th T
77 =14 S (n-u"/ «/r,,/ (/,—,,_1.../ A7
hel 0 70 J0
< [[[{7r1>[{1('71:~l)-“[1/("_1) > (34)

54 . ! PN :
where o= Frte Iy i o s denotes the expectation value for the unperturbed gronnd stare wive
hinction.

Forthe semmetrie case. i.o.. Ep = ~0"/2 one may incorporate the chemical potential term into interac-
flon ferm as

L‘A‘f Z Ilf,g + L’-Znﬁ[llf,‘l

; 1 1 NU
=0 Z(nvf” - 5)(;3‘;,1 - ;2—) - 395
and mse the fact that :{f S f;f,,./i-n = :E to make calculation easy.
Tothe second ovder in 17 {13, . the ground state energy is
2 U
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The fth ovder tepms tn the pertwrbation theory is:

’,‘7” (_1 n cid -3 .3 . ‘
ool [ [ [ < T U ) 0 HR)) >
b J0 S

with

. , 1 ) 1
H(n) =1L Z(”m(ﬂ) - 5)('%1(71) -3)

4

The <~ in above equation is taken over unperturbated states so it is spin independent. For stmplicity,

we will rescale all Z, by Zy. For the Jth order. we have,

. [s" 3] -1} J 3 . ) ) ) )
/‘1 = .. / 7y / 1[7'.7; / (/7‘3 / l[T] Z Di(ll,Tl;12,7'2;7,3,7'3;?4,7‘,1)
0 40 J 0 7

24 .
’ 11,412,314

For the svmmetric ease, i.e.. p = 1/2. we have(omit spin indices here)

, I
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Psine Fourter transformation, we also have,
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Auequadite 1o he nsed s,

Svietry of the Green's funetion.

ga(m =) = (=) g (- )

By using above symmetry, we got,

2 . 3 I 2 2
Di = 9ty — bg13giays3021 + 673914933954 — 12912913914923924934
3 3 4 4 3 3
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‘ Py =1 2 2 ia—Ti 2 2
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By exchanging dinnmy indices, we finally get,

AR R 33 2 2 2 9 2 2
D7 = 3a)s00y = 20y1390,903920 + 1897397103393, — 36979913914923924934

The Ist term is cancelled ont with éZj
3 ol 3
Z_y = —[/* (l’T‘? flTl Z D2
2! o Jo
i,
where
2
Dy = gy,

So we are left to obtain the remaining three integrals:
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Fourter transformation. we could rewrite the integral over
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The final vesult is (taking 3 in the integral to be ).
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The final result is (taking 3 in the integral to be o).
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We have,
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V. Conclusion

In this paper. we have study the perturbation theory of symmetry Anderson
model in great detail. In the strong coupling limit, we calculate the second order
energy splits and degeneracy by using the degenerate perturbation theory. In the weak
coupling limit, we obtain the express for the fourth order perturbation. Higher order

calculations must be solved by computer programming.
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