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People we have to ‘beat’



 

New 2D materials

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 Å) 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 TI systems, 
...Cu S.....

PRX 3, 031002 (2013)
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Possible high temperature 
superconductors 



Data-mining criterion-structure

 

Computational Materials Science 67 282 (2013)

Ca (CuBr O )2 22



Data-mining criterion-bands/bonds
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      Correlation effects 



F. Lopez-Aguilar and 
J. Costa-Quintana, PRB
29, 5986 (1984).

U( r) = U  Σ  (1/2-<n >)ν >< βνβν



Dynamical mean field theory

  

FICTITIOUS  
SYSTEM  

REPRODUCING  
THE DYNAMICS  

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 

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

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: 

M corresponds to 
𝑲
𝑵

 

Too large for standard 

computational resources! 

Block diagonalization         up to 30 bath states! 



Exact Diagonalization Solver 

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

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: 

Once the many-body states have been determined, the one-particle 

Green’s function can be obtained through the Lehmann representation 



  

NiO – ED 



Valence band of Mn-doped GaAs

LDA+U



Electronic structure of mixed 
valent materials-YbInCu
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      New correlated compounds 

U >> W 
 
U ~ W 
 
U << W 

4f shell of RE, 5f shell of Ac 

bcc Fe, fcc Ni, steel, alpha-U.... 

URu2Si2, UPt3,   ?    



hcp Gd
fcc Ni



Atomistic Landau-Lifshitz equation
Separate fast variables (electrons) and slow 
(atomic spins) and the EOM together with Landau-
Lifshitz damping term gives:

The effective field B is given by

Precession Damping



Magnetic excitations 



Surface magnons
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experiment
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Topological excitations in the Kagome lattice
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Topological excitations in the Kagome lattice
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Multiscale simulations 



Massive parallel implementation 
UppASD 4.0

Two levels of parallelization
- 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

Atomistic Spin-Dynamics
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