
1 Dynamical CPA () DMFT

1.1 Hubbard Alloy Analogy

Naturally generalizes to to a dynamical, eg. quantum alloy, analogy

The Hubbard Model:
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1.2 Hubbard III Approximation=CPA:
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It may turn ou to be the case that

ni;*(�)� ni;+(�) 6= 0 this means band spliting.
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1.3 Dynamical CPA=Dynamical Mean Field (DMFT)

(Kakehashi ,Phys.Rev.B 45 7196,1992 A.Georges and G.Kotliar Phys.Rev.B 45,
6479, (1992))
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2 First principles Alloy analogy

2.1 FLUCTUATIONS

in Density Functional theories can be described as fallows:

Using Constrained Density Functional Theory force the potential wells at each
site to be either va(�!r �

�!
R i) or vb(

�!r ��!R i) :



THEN summ over the sconstraints.



2.2 Summing over CONSTRAINTS

In KKR
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and the summ over STATIC CONSTRAINTS can be done by KKR-CPA .

2.3 Missing from this discussion:

Short range Order



and

Dynamics

3 Dynamical (quantum) Alloy Analogy

3.1 Dynamical versus quantum

description of �uctuations:
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Quantum alloyV Trfe��Heff(bSx;bSy bSz)g

3.2 Internal Two Level Systemes

External TLS in metals, like an atom tunneling between two equivalent posi-
tions in a metallic glass,have been studied for a long time.As was �rst pinted
out by J.Kondo their physics has much in common with magnetic impurities in
transition metals ,such as Fe in Au. A good review of the theory is by Kondo
himself in "Fermi surface E¤ects" by J.Kondo and Yoshimori (Eds.) (Springr
Series in Solid-State Sciences 77 ,Springer -Verlag 1987)Here I propose to pos-
tulate that the local potential v(�!r ��!R i; �i) seen by an electron depends not



only on �!r but also a new ,local, INTERNAL variable � which describes the
state of an �atom�on the site concerned. Such state of the �site�is described
by
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3.3 Classical TLS

bSz;i commutes with cHTLS;i for all sites labeled by i. Thus the collective state
of the internal TLS s (one TLS for each site) can be de�ned by assigning an
eigen value of bSz;i , namely Mi = �1; to each site.If
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Evidently this is the usual, classical, alloy picture.When �a = �b all con�gura-
tions have equal wight. Interstingly,it is also the beginning of the �agmented
space formalism�of Mookerjee.



3.4 Quantum TLS

To �quantize�the above (Ising) spin system we introduce,as well as bSz; the
other components, bSx and bSy, of the spin (1/2) operator �!S .
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Equivalent but more usefull in the present context are bSz; S+; S� where
S� = bSx � i bSy
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The collective state of the TLSs is
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Thus the full Hamiltonian is

cH = cH0 + cHTLS + bVa + bVb + bV+ + bV�
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3.5 Many-Particle Single Scatterer Theory

A single (mu¢ n-tin type) potential well scatters a degenerate system of non-
interacting electrons:
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Perturbation theory::

bT (E) = bV + bV 1
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3.5.1 Particles and holes
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Diagrammatically



3.5.2 Scattering from a static potential v�!
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This happens to all orders and hence T�!
k 0;
�!
k
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k
) is given by the convetional

Born series for one particle scattering.If the target can change ist state and
therefore, in general,its energy the scattering electon will be knocked o¤ the
energy shell .Namely, electron hole pairs will be created resulting in the famous
Kondo divergences.





3.5.3 The break down of the Born peturbation series
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If, for a noncommutative model, (non spherically symetric potenials)
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Evidently the perturbation series diverges.A way to summ up such loga-
rithmically divergent series is to use scaling arguments as fallows

3.6 Poorman Scaling:

T (�;V1 + �V1; V2 + �V2; V3 + �V3;D + �D) = 0

In the case of magnetic impurities
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So KBTK is a scale invariant low energy scale



As the temperature is lowered

nJ(T)= 1
ln T
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For the internal TLS, fallowing Zawadowski and Vladar , �92he we �nd that
Scattering Aplitude scales to the strong couplig regime:
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4 The chalange is to �nd a material speci�c,

quantitative theory of the low energy scale
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