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We have developed a new sparse (N) k-spaced based Electronic Structure Method differential that is capable of treating large scale systems ranging from thousands to tens of thousands of atoms.  This new method uses a screening technique that produces a sparse formalism where for even moderate size systems ~98-99% of the matrix elements are zero.  This new method opens up the possibility of using preconditioned nonsymetric sparse iterative methods.  An important aspect of this work is the future development of reliable preconditoners.  In addition, to take advantage of the computational efficiency of spherical based methods, we have derived a new reference energy that produces a kinetic energy that closely reproduces the full potential kinetic energy leading to highly accurate results.  Thus, providing a important step towards developing computational efficient and highly accurate approximate full potential (N) electronic structure method based on spherical potentials.

The development of (N) first principles electronic structure methods that are highly accurate, efficient and are capable of treating large scale systems is of critical importance for studying large scale nanosystems and they play a central role in any multiscale method. The two primary goals of our research is to develop (N) method that is highly accurate and an approximate (N) full potential method that is both accurate and efficient. The latter goal will extend the range applicability beyond methods based on spherical approximations.  The only demonstrated method (N) method that can treat large scale systems is the real-space based, locally self-consistent multiple scattering method (LSMS) which lacks the necessary accuracy for addressing the physical properties of many systems (figure 1).  This loss of accuracy is due to the use of a finite size cluster to calculate an atom’s scattering path operator which lacks the correct boundary condition. To address this issue we have developed a multiple scattering theory based screened Korringa-Kohn and Rostoker method that takes into a account the correct boundary condition for the scattering path operator (figure 1).  
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The screening approach leads to a sparse matrix representation that produces an algorithm that scales linearly with memory, and between N and N2 in floating point operations with increasing system size, N (figure- 2).
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This new method incorporates a direct sparse solver based on the SuperLU package and preconditioned non-symmetric iterative techniques. Currently we are working on developing better preconditioners and implementing several parallelization strategies. We are able to treat 2048 atoms on a single processor which is the size of systems typically used on an entire massively parallel processing machine (figure 2).

Full potential methods (no shape approximations to the charge density or potential) are computationally demanding.  Multiple scattering theory is difficult to implement and control numerical errors. We have developed a new local density energy functional that produces a spherical muffin-tin zero (energy reference) that results in a kinetic energy (eigenvalue sum) that approaches full-potential results (see table).    In addition, this reference energy has an additional shift that arises from the boundary condition for the full-potential Poisson equation .vs the spherical approximation.  This additional shift produces even better energetics.  In fact, we have been able to obtain highly accurate results for hexagonal closed pack (HCP) Zn that for previous methods based on spherical approximations were unable to even obtain the ground-state structure (they were unable to obtain a minimum for the total energy .vs volume calculations). In addition, we have excellent results when comparing HCP Al (see second table). This new reference energy provides a reliable starting point for developing an accurate full-charge density method based on spherical potentials. The next step in this approach is to calculate the Green’s function for the system using a spherical potential.  The full charge density would then be obtained from the Green’s function. The full charge density is used to calculate the Coloumb energy integrals within the correct Voroni polyhedron along with that part of the wavefunction which is outside the muffin-tin sphere.  This requires highly accurate determination of the Voroni polyhedron coupled with an efficient integration scheme for evaluating the Coloumb integrals and wavefunction tensor products. Currently, the new integration technique has only been implemented for the Coloumb integral (see table).  
	E(mRyd.)=fcc-bcc

	
	Cu
	Zn
	Al

	ASA-v0MT-VP+VP-Coloumb 
	-2.9
	-4.6
	-5.9

	Full potential LDA
	-3.2
	-4.8
	-7.0


	E(mRyd.)=hcp-fcc

	
	Zn
	Al

	ASA-v0MT-VP+VP-Coloumb 
	-4.7
	-2.2

	Full potential LDA
	-1.5
	-2.0


For further information on this subject contact:

Dr. Gary Johnson, Program Manager

Mathematical, Information, and Computational  

   Sciences Division

Office of Advanced Scientific Computing Research

Phone: 301-903-5800

garyj@er.doe.gov
For SCF


10mRyd) = 1.0





Figure 1: Error comparision between Scr-KKR and LSMS





For spectral properties,  1mRyd) = 1.84.





Figure 1: Error comparision between Scr-KKR and LSMS
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Scaling for different values of  imag. part of the last energy point on the complex energy contour). 





Figure 2: Scaling of  Scr-KKR 
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