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I. Goals

1. Systematic inclusion of interaction effects via per-
turbation theory.

� Scattering, lowest-order strong coupling cor-
rections: 2nd-order

� Fluctuations: fluctuation exchange approxima-
tion

� One-electron disorder: to within machine pre-
cision

2. Provide a numerical scheme that works for a broad
range of system parameters.

� � � , � � , random interaction strengths

� Arbitrary hopping, potential, and magnetic field

2



� “Larger” lattice sizes

– 12 � 12 for superconducting systems and 24 � 24
for normal systems so far.

– 20 � 20 (SC) and 40 � 40 should be attain-
able.

� Evaluation of spatially-dependent static response
functions, thermodynamic properties (entropy,
specific heat, ...), electronic excitations

�

3. Develop a perturbation theory algorithm for non-
periodic systems.

� Open boundary conditions

� Vortex configurations

� Impurities

� Interfaces (S/N, S/I, etc.)



II. Method

Lattice models with local interactions, i.e. the Hubbard
model
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Self-consistent perturbation theory algorithm

Dyson’s Equation:1 �32 4 � � 5 1 687:9 �32 4 ��;=< � > �32�4 �'?�;=<
1 �32 4 � @ 1 	A�B�C	EDF�GD �32 4 �

Second-order approximation: > H > 6 < 9 � > 6JIB9
> 6JI:9	A�B�C	 D � D �3K � � � � I:L 	��C	 D �3K � 1 	 D ; � D �C	 ; � �M� K �

L 	���	 D �3K � � 1 	E#N�C	 D # �3K � 1 	E%O��	 D % �3K � � 1 	E#O�C	 D % �3K � 1 	E%N�C	 D # �3K �

Computational issues:

� Scales as �QP RTSOU �WVYX �OZ[SNU �
( �QP SOU �\VYX �QP SNU �

for periodic systems ).� Parallelize by dividing data according to K or 2 4
values. Data redistribution occurs during Fourier
transforms.

� High frequencies are treated analytically.
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Analysis

The grand thermodynamic potential is
calculated via:
] ��U ^`_ � � � a b 5 > 1 � VYX �M� 5 1 687G9 ?�;=< � > �'? � c 5 1 ?

Electronic excitations are examined by using Padé ap-
proximants to continue the self-energy to the real fre-
quency axis.

> 	A�B�C	 D � D �ed � � f 4 g 	A�B��	 D � D � !h� d 4
f 4 i 	A�B�C	 D � D � !h� d 4

Density of states is evaluated by taking

j �32 � � � Zk P a b l�m 1 #O�C# �32 � npo �
and quasiparticle wave functions and eigenvalues are
obtained using

5q� rests � > �ed �'?vuxwpy � d uxwpy �
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III. Thermodynamics

Local superconducting order parameter for 12x12
lattice: A comparison of 1st and 2nd order

perturbation theory
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� Large disorder suppresses superconducting or-
der

� 2nd order results show less sensitivity to disor-
der effects in comparison to equivalent 1st order
results
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Local superconducting order parameter for 8x8
lattice at various temperatures
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Specific heat as a function of disorder
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� Reduction of a § with disorder. Reduction is inhib-
ited in the 2nd order calculations.

� Structure at a § is more persistent for 2nd order.
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� Weak configuration dependence for small disor-
der strength &

� Configuration dependence grows as & increases.
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IV. Electronic excitations

Properties of electronic excitations are obtained through
an analytic continuation of the self-energy from the
imaginary-frequency axis to the real-frequency axis.
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These self-energy results are used to obtain the elec-
tronic density of states.
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1st and 2nd order P.T. for & � -
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� Vertical lines in bottom graph indicate size of the
inverse participation ratio for that excitation.
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DOS vs. disorder strength (2nd order)
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� Gap persists to large disorder values.

� Analytic continuation problems for large & .
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Quasiparticle excitations
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� Increased localization (larger IPR) as disorder in-
creases.
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V. Summary

1. Self-consistent perturbation theory calculations are
computationally practical for non-periodic lattices.

2. Second order p.t. results are more robust against
disorder effects than first order p.t. results.

3. Disorder enhances correlation effects (as seen by
the enhancement of differences between 1st and
2nd order results).

4. Superconducting gap persists to large disorder
(as observed earlier with QMC and 1st order p.t.).
Excitations are localized even near the gap edges.
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