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ABSTRACT- We consider a solvable model of a one dimensional electron gas interact-
ing with an array of dynamical scattering centers, whose state is specified by a pseudospin
variable. In the dilute limit, for frequencies w and temperatures 7' below the single-center
Kondo scale but above a coherence scale A, the physics is governéd by the fixed point of
the single-impurity two-channel Kondo problem. In that region, the physical properties are
governed by composite (or odd-frequency) pairing fluctuations and they are reminiscent of
the normal state of high temperature superconductors. As w and T' — 0, three suscepti-
bilities are equally divergent: 1) conventional, spin-singlet even-parity pairing 2) composite

spin-singlet odd-parity 5-pairing and 3) odd parity pseudospin.

The consequences of frustrated phase separation in high temperature superconductors
[1] may be explored by studying the behavior of an electron gas interacting with an array
of dynamical scattering centers.[2] The model is an orbital analog of the Kondo problem,
in which the scattering center is specified by a pseudospin variable which couples to the
orbital states of the electron-gas, rather than to their true spin. It has been solved exactly
in one dimension for a particular value of one of the coupling constants [2] and, among other
things, it has been found that the behavior of the dilute array is remarkably reminiscent of
the observed normal state of high temperature superconductors. [3] In this regard, the most
striking feature is a T-linear (for 7' > w) or w-linear (for w > T') contribution to the resis-

tivity, which we identify as a paraconductivity associated with composite (or odd-frequency)

pairing fluctuations extending to temperatures of the order of the Kondo scale I'. This
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contribution is insensitive to all other details, including scattering from ordinary impurities
and phonons, as one might expect of a paraconductivity. We know of no other explanation
for fact that the T'-linear resistivity of optimally-doped high temperature superconductors is
undisturbed by phonons up to 1000K.[4] On the other hand, as we shall see, the (coherent)
superconducting state of an array of such scattering centers in higher dimensions may have
conventional even-frequency pairing and may be granular.

The Hamiltonian for the field-theory version of the model [2] is given by:
H=H,+ H, ’ (1)
where Hj is the kinetic energy:

Hy = ivFZ/dr [¢I,aar¢1,a " w;,aar"/)?,d] o (2)

Here 1/){0(7') and ¢§a(r) create respectively a right and left moving electron at position r
and with z component of spin ¢ = £1/2. H; is the coupling between the electron gas and

the dynamical scattering centers:

= X [810 (R)r,0(R) — 0], (R)¥s0(R)]

+ Jla:z: [rre* 7Rl (R)th1 o (R) + H.c] (3)

where 74 are pseudospin-half operators repesenting the degrees of freedom of the scattering
center at position R, a is a lattice constant, and kg is the Fermi wave vector. Since 7}
couples to the local electronic current, it must be odd under time reversal and parity. This
coupling is an important feature of our modél, and it is responsible for some of the unusual
consequences.

There are two important energy scales in the problem; the single-center Kondo scale I'
and a coherence scale A, which characterizes the induced interactions between neighboring
pseudospins. A is a calculable function of J, /vp and the concentration of pseudospins, c.

We shall focus on the dilute limit ¢ < ¢; in which " > A. Such a limit must exist since

A — 0 as ¢ — 0.. There are three distinct regimes of temperature: 1) 7' > T', where the
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scattering from the pseudospins is weak; 2) A < T <« T, where universal single-impurity
Kondo physics is observed; 3) T < A where the pseudospins form a state with long-range
coherence, in which the critical fluctuations associated with a single impurity are cut off
and, as we shall see, long-range pairing fluctuations are enhanced.

In the dilute incoherent limit (A <« T,w < W), the different pseudospins are essen-
tially independent and the behavior is governed by the same fixed-point as the isotropic
(Jy = J.) two-channel Kondo problem.[2,5] The low-frequency, low-temperature prop-
erties depend on a single, nonuniversal energy scale, I' (the Kondo scale) and there
is a strong enhancement of the correlation function of a composite pairing operator
Tﬁr(t)[z,b;,l(r, t)zbh(r,t) — w;’T(r,t)be,l(r,t)], where R, signifies the pseudospin site closest
to position r. (At long times, the correlation function is proportional to t~!, whereas it
varies as t~2 for noninteracting fermions.) In the same limit, there is an anomalous contri-

bution to the conductivity:

oo(w, T) = (

%ﬂ)%@,,b tanh(8w/2) (@)

Evidently, as mentioned above, 0,(w,T) ~1/Tif w K T < T and ~ lJwif T K w K T. It
is important to note that o,(w,T') is directly proportional to the impurity concentration c: it
is a paraconductivity reflecting enhanced composite (or equivalently odd-frequency) pairing
correlations over a wide range of temperature and frequency.[2,5] We also have shown that
o.(w,T) is insensitive electron-phonon scattering and to various other perturbations which
may be added to the model.

The low-temperature (T < A) (cohererllt) behavior of the system may be characterized
by the correlation functions of three order parameter fields: 1) conventional singlet, even
parity superconducting pairing, Ogs = [‘/’I,Td’;,  + ¢;,T¢I, 1J» 2) composite, spin singlet, odd
parity superconducting pairing, O.opmp(r,t) = ¢;il(r,t)gb;"T(r,t)Tgr(t), 3) the orientation of
the pseudospins, O, = 7. It has been shown [2] that, as T — 0, the dominant long-time,
long-distance contributions to all three correlation functions are proportional to 1/|r| and

their Fourier transforms diverge like 1/T as T' — 0.
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Since two distinct pairing operators are substantially enhanced at low temperatures,
the physics of the orbital Kondo lattice may lead to different kin(is of superconducting
order parameter in higher dimensions, where the crossover becomes a true phase transi-
tion. The nature of the order will depend on the parameters of the model and possibly
on additional interactions, not included in the Hamiltonian studied here. For example, in
a three-dimensional system composed of orbital Kondo chains coupled by weak hopping,
phase coherence would be most easily attained for conventional singlet pairing: composite,
or odd-frequency pairing then would be no more than a fluctuation effect.

Finally, we note that the behavior of annealed scattering centers will depend on the
interaction between the impurities. Possible low-energy states are dimers or clusters, (which
would lead to “granular” behavior) or a lattice with a period that maximizes the interaction
with the conduction electrons, via commensurability. At the same time the coherent low-
temperature physics is the same in the dilute and dense limits, and is insensitive to the
precise distribution of the scattering centers. A more extended discussion of the method of
solution and the consequences is given in references 2 and 5.
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