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Abstract

An alternative perturbation treatment for the Kondo Problem is developed using a doorway
state formalism for scattering process. Under this approach the behavior of resistivity is exam-
ined at the low temperature regime, below and above Kondo temperature, within the framework
of the s-d model for very dilute ZnMn alloys, where the single impurity scattering assumption
holds. The agreement with experiment is excellent in the entire low temperature regime.

Key words: Kondo problem, perturbation theory, low temperature resistivity, doorway

state. moment methods.

El Problema Kondo para aleaciones de ZnMn
muy diluidas en un acercamiento perturbativo
de Estado Compuerta

Resumen

Se desarrolla un tratamiento perturbativo alternativo para el problema Kondo empleando
un formalismo de estados compuesta para procesos de dispersion. Bajo este acercamiento al
problema el comportamiento de la resistividad es examinado en el régimen de temperaturas ba-
jas, por debajo y por encima de la temperatura Kondo, dentro del marco de referencia del mode-
lo s-d para aleaciones de ZnMn muy diluida, donde la suposicion de colisién con una impureza
es valida. E] acuerdo experimental es excelente en todo el régimen de baja temperatura.

Palabras clave: Formalismo de estado; métodos de momento; problema de Kondo,

resistividad a baja temperatura, teoria de perturbacién.

1. Introduction Above T, standard perturbation theory

works well and a major feature as the resis-

So far there is no single theory that can
describe the resistivity behavior for metallic
alloys (even at very low impurity concentra-
tion) below and above Kondo temperature T,
in the entire low temperature regime (1).

tivity minimum (Kondo effect) can be appro-
priately reproduced in this way (2). In the
standard s-d model (3) and for a single im-
purity (no interimpurity interactions) the
perturbation V is given by

* Trabajo presentado en el Primer Congreso Venezolano de Fisica, Facultad de Ciencias, Universidad de Los An-

des. Mérida, del 7 al 12 de diciembre de 1997.
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S, (é}'(v_é ~Cckﬂ (1.1]

where S, and S" =S, +iS, are the impurity
spin components and the coupling coeffi-
c1entJ < Can be written in a separable form
given by (N atoms in volume V)

J
Jk,k‘ EN (D—}ek ~Ep je(D—ak —E
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where ¢, is the Fermi energy and D is the
metal band width. The unperturbed Hamil-
tonian H is simply taken as the one for free

electrons and it is given by

Hy =& & [13]

k ks ks
ks

where s = T,{ labels the spin projection. The

calculated resistivity up to second order in
standard perturbation theory can be written
as

plT) =aT® + €,y — B ln(k“%‘j [1.4]

where the first term is the phonon contribu-
tion and the second term is related to the re-
sidual resistivity. There is a minimum for
this calculated resistivity located at

(R i l:_) Ls
Tmin - ‘\a Clmp

[1.5]

In the limit T — 0, Kondo approach un-
der perturbation theory breaks down and
several attempts using many-body te-
chiques to include leading order logarithmi-
cally divergent terms proved to be inade-
quate. In the antiferromagnetic case, when
J > 0, this summation leads to an unob-
served divergence at T,., which precisely de-
fines Kondo temperature. When T << T, in-
terimpurity interactions become important
and careful experimental work to eliminate

these effects revealed that impurity contri-
butions give T terms, aside a constant
term, when T — 0. Renormalization group
theory (4, 5) provides an exact description of
this behavior. In this work perturbation the-
ory is revisited under a doorway state ap-
proach for scattering processes and com-
parisons with experimental results for very
dilute ZnMn alloys within the framework of
a simple s-d model are going to be made.

2. The T Operator, Doorway
State formalism and moment
methods

The relaxation collision rate can be
written as (8’ angle between py p’)

1 2nc
r—(ij) (25+1(25+IZ-|.(2) ; n)
(1-coso")( B, nHp )| (2.1]

at impurity concentration ¢, and conduc-
tivity (or resistivity) can be estimated from

e,

di
o) =’ [ )[f

where A is a constant related to the lattice
symmetry for the particular metal,

< f)',n'm b 11> can be taken as the on-shell

matrix element for the T operator, n=(s,9)
denotes the spin degrees of freedom set
(electron and impurity), §. is the electron ve-
locity and f(e.) is the f“ermi distribution
given by (B=1/k,T)

1
Je))="m=— [2.3]
e p

In what follows a doorway state formal-
ism (B) for a scattering process is going to be
applied to calculate the matrix element
der a perturbation scheme where the T op-
erator can be written as

n> required in Equation [2.1] un-
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[2.4]

and where the Green's operator GO for the
unperturbed Hamiltonian I:IO is explicitly
omitted. The reason for this particular

choice is related to the fact that in standard
perturbation theory the integrals related to

the matrix elements <i)',n'|\7((:‘vo\7)"|i), n>

should be avoided since they are singular
when T — 0 and in the application of the
doorway state formalism very delicate limits
should be taken. Due to the particular form
given to the T operator in Equation [2.4], it is
convenient to combine the doorway state
formalism (6) with moment methods (7) suc-
cessfully applied to shell model calculations
in nuclear physics in order to obtain
(P, VG p, m), instead of (', n|TIp, n). The
initial states for the doorway basis can be
taken as

‘Do/fN Wp n and‘D V=N VM) n> [2.5]
and the rest of the basis can be obtained re-
cursively from

n-l

D)=, D, )-3(p

I O

JJAlD,,)\D, >j[2.6a]

B,)- NJLH

B,.)- Z<D b, , D>J[26b]

The relevant matrix element is given as
a continued fraction and at the first doorway
truncation level it can be approximated by

/ <P ‘p n/
(p, n[VGVip, n>———*<mp > [2.7]

(B V% B

provided that the following condition is ful-
filled (which is going to be the case indeed)

CANGRTR) _(<f)', e n>J2 3
(p. 2 pm)  \ (B\nV%pm)
[< , WIVAYp >}2 [2.8]
(P n1V?[B.m)

3. Resistivity at Low temperature
regime for a dilute ZnMn Alloy

In order to compare with experimental
results which are given in terms of relative
resistivities and to keep the analysis as sim-
ple as possible, it is useful to introduce the
Fermi energy as the energy scale and the
relevant dimensionless quantities are de-
fined as

=P £=Df

PV E FkT’ aE%F

[3.1a]
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[3.1Db]

The contribution from impurity scat-
tering to the total relative resistivity can be
obtained from Egs. [2.1] and [2.2] and it can
be added to the phonon contribution and re-
sidual resistivity to give

_p('/ ) A G,

===l
p(y()) ,YJ+ (0] JHE ng 7 6 (c-1)
‘T'z\ gttt 4 ]

where A, Byand C, are constants to be de-
termined and ply ;) is the reference resistivity
value measured at a temperature ofy ;'. One
interesting feature of the relative resistivity
given by Equation [3.2] is that it reaches a fi-
nite value given by
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Figure 1. <‘T‘ > for different temperatures

and within therange \1-§ <{ < {1+E&.

o\

pld }‘1 (3.3]

M B +elr
p(Y()) 0+ 0\\!

wheny — o(orT — QJand where the on-shell
scattering contribution from the Fermi level
(=1 is the only one that counts. The quan-

2\ -1
tity <‘T‘ > is bound for all temperatures

within the ¢range of interest, which includes
¢=1, and its zeroes are located at the effec-

tive poles for <<§’, n'[ﬂ@’, n> as it can be ex-
pected (Figure 1).

Comparison with experimental results
for a ZnMn dilute alloy (0.00576%) is made in
Figure 2 where the phonon contribution an
residual resistivity are included. Assuming a
Fermi energy of 9.47 eV (almost pure Zn), the
parameters defined by Equation [3.1a] give
o=0.4 (J=3.79 eV) and &= 0.00051 (very
narrow band, D =4.83 meV) and it can seen
that provide an excellent agreement with
measurements. The minimum around
T = 10K can be reproduced as well as the be-
havior in the T — Olimit. In Figure 3 the cal-
culated curve in the absence of a phonon
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Figure 2. Comparison with experimental re-
sults for a dilute ZnMn alloy
(0.00576%). The solid line represents
the relative resistivity (resistivity at
T =273 Kis the reference value) calcu-
lated from Equation [3.2] and data

were taken from ref. (8).
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Figure 3. Calculated dimensionless relative re-
sistivity in the absence of phonon con-
tribution and residual resistivity, for
the same dilute ZnMn alloy (0.00576%)
depicted in Figure 1 (A, =B, =0,
C, =1). The expected round top be-
havior asy "' — 0is clearly observed.
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term and residual resistivity is depicted to
show in more detail the expected low tem-
perature behavior.

4, Conclusion

A modified doorway state perturbation
scheme at the first truncation leven can be
applied successfully to a simple s-d model to
describe the resistivity behavior in the entire
low temperature range for ZnMn very dilute
alloys, where the single impurity assump-
tion clearly holds. In a forthcoming article
all the available experimental data is going
to be analyzed within the framework of this
formalism and the effects of interimpurity
interactions are going to be weighed for low
concentration problems.
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