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This book covers the theory of electronic structure of materials, with special
emphasis on the usage of linear muffin-tin orbitals. Methodological aspects
are given in detail as are examples of the method when applied to various
materials. Different exchange and correlation functionals are described and
how they are implemented within the basis of linear muffin-tin orbitals.
Functionals covered are the local spin density approximation, generalised
gradient approximation, self-interaction correction and dynamical mean
field theory.
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People we have to‘beat’
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New 2D materials
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Search criteria: Only high-symmetry compounds are considered
that yield square or hexagonal in-plane structures, packing ratios
in the range 0.15-0.50 are selected, large gaps (> 2.4 A) between
crystallographic planes along the c axis. Electronic structures of all
92 compounds provided. Examples: Graphene, BN, TM-halides,
TM-disulphides/selenides/telurides, Bi2Te3 and other Tl systemes,

PRX3,031002 (2013)



Possible high temperature
superconductors




Data-mining criterion-structure

UPPSALA
UNIVERSITET

Computational Materials Science 67 282 (2013)



Data-mining criterion-bands/bonds
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Ca,(CuBr,0,)

Cu d-character
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Computational Materials Science 67 282 (2013)



Correlation effects
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Dynamical mean field theory
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"The Hubbard model is mapped into an Anderson Impurity Model

The mapping is made with the condition of preserving the local
Green’s function and is exact in the limit of infinite nearest neighbors



Exact Diagonalization Solver

The finite size problem can be solved
exactly with a direct construction of all
the accessible many—body states.

o O

N=5 electrons in K=10 orbitals:

M corresponds to (IA(,)

Too large for standard
computational resources!

Block diagonalization —  Up to 30 bath states!

Local correlation effects in the electronic structure of Mn doped GaAs with LDA+ DMFT Igor Di Marco



Exact Diagonalization Solver

The finite size problem can be solved
exactly with a direct construction of all
the accessible many—-body states.

N=5 electrons in K=10 orbitals:

o

Once the many-body states have been determined, the one—particle
Green’s function can be obtained through the Lehmann representation

Local correlation effects in the electronic structure of Mn doped GaAs with LDA+DMFT Igor Di Marco
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Electronic structure of mixed
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Experimental XPS spectrum
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New correlated compounds

U>W 4f shell of RE, 5f shell of Ac
U-~W URuU2Si2, UPt3, ?

U<<W bce Fe, fce Ni, steel, alpha-U....
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Atomistic Landau-Lifshitz equation
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Magnetic excitations

ferromagnetic spin-chain spin-wave energy dispersion
ground state R } E(q) = hw,

TTTTTTTTT T ]

excited state
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Surface magnons
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From the time-dependence of the atomic moments,
calculate the spin-correlation function

CFr—1' t) =< mi(t)m5(0) > — < mi(t) >< mf(0) >,

where k=x, y and z-component of atomic moment

Spatial and temporal Fourier transform
gives the dynamical structure factor

1 . 0o
SF(q,w) = TN Z ezq'(rr,)/ e“rtCOR(r—r, t)dt
— 00

r.r’/




(meV)

(q)




Topological excitations in the Kagome lattice
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Topological excitations in the Kagome lattice
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SQRC Massive parallel implementation pre
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Two levels of parallelization OF TECHNOLOGY
- Ensemble averaging
- Domain decomposition (similar to Verlet-list approach)
- “automatic” load balanced

- all communications are overlapped with computations

Possible to run in hybrid MPI/OpenMP mode (and soon MPI/CUDA) |
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Time scales
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