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Overview  

1.An electronic structure data-base 
2.DMFT implementation with examples 
3.Calculation of exchange parameters 
4.Spin-wave excitations 
5.Cohesion and spectra of rare-earths 



Electronic structure database

 

http://gurka.fysik.uu.se/ESP/
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Possible high temperature 
superconductors 



Data-mining criterion-structure
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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 



FP-LMTO
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Correlated basis 



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 



Valence band of Mn-doped GaAs

LDA+U



Paramagnetic NiO

P. Thunström et al. PRL 109 186401 (2012)

Experiment

Theory (DMFT)

DOS

Ni-3d 
O-2p



A two-step approach to model 
excitations

1. 
DFT calculation and extraction of the exchange parameters 

2.  
Solution of a parameterised Heisenberg Model.  

 Finite-temperature magnetism. 
 Simulations for the magnon spectra, Curie Temperature
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Ab initio exchange parameters from DFT

E

DOS(E)
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Inter-site Green’s functionLocal exchange splitting

Table 1:

State M
S

(Ni) (µ
B

)

FM 1.80

AFM 1.77

ˆH
ij

= hinlm� | ˆH | jn0l0m0�0i (22)

⇠ 2µ
B

(23)

�2 ˆH =

1

2

X

ij

�1

4⇡

Z
Ef

�1
d" Tr

L


�

i

·G"
ij

(") ·�
j

·G#
ji

(")

�
· | ~�'

i

� ~�'
j

|2 (24)

J
ij

=

�1

4⇡

Z
Ef

�1
d" Tr

L


�

i

·G"
ij

(") ·�
j

·G#
ji

(")

�
(25)

J
ij

=

1

4

Tr

!


⌃

i

(i!
n

) ·G"
ij

(i!
n

) · ⌃
j

(i!
n

) ·G#
ji

(i!
n

)

�
(26)

Table 1:

State M
S

(Ni) (µ
B

)

FM 1.80

AFM 1.77

ˆH
ij

= hinlm� | ˆH | jn0l0m0�0i (22)

⇠ 2µ
B

(23)

�2 ˆH =

1

2

X

ij

�1

4⇡

Z
Ef

�1
d" Tr

L


�

i

·G"
ij

(") ·�
j

·G#
ji

(")

�
· | ~�'

i

� ~�'
j

|2 (24)

J
ij

=

�1

4⇡

Z
Ef

�1
d" Tr

L


�

i

·G"
ij

(") ·�
j

·G#
ji

(")

�
(25)

G
ij

(z) =

⌧
i

����
1

z � ˆH � ˆ

⌃(z)

����j
�

(26)

J
ij

=

1

4

Tr

!


⌃

s

i

(i!
n

) ·G"
ij

(i!
n

) · ⌃s

j

(i!
n

) ·G#
ji

(i!
n

)

�
(27)

⌃

s

i

(i!
n

) =

✓
ˆH"
i

� ˆH#
i

◆
+

✓
⌃

"
i

(i!
n

)� ⌃

#
i

(i!
n

)

◆
(28)

�

i

=

✓
ˆH"
i

� ˆH#
i

◆
(29)

j i

Lichtenstein et al JMMM 67 65 (1987)

�2Ĥ =
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FM
AFM

Hubbard U: 
U=2.3 eV 
J=0.9 eV 

bcc Fe: Jij’s

Dynamical Mean Field Theory (DMFT)

LDA+U (Static Mean Field)

Y. Kvashnin et al. PRB 91 125133 (2015)
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Finite temperature exchange interactions
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(a) (b)

Figure 4: Spin wave dispersion spectra from ASD simulations of Gd-hcp at T
= 78 K, 23 NN exchange interaction and damping constant (a) ↵ = 0.001 (b)
↵ = 0.01

(II) NN exchange interaction for T = 78 K:

(a) (b)

Figure 5: Spin wave dispersion spectra from ASD simulations of Gd-hcp at T
= 78 K, damping constant ↵ = 0.001 and number of exchange interactions (a)
23 NN and (b) 52 NN.
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Simulated magnon spectrum at T=78 K

Theory: Y.K. & D. Rodriguez 
Exp: Koehler et al. PRL 24 16 (1970)

hcp Gd: magnons
Results: Atomistic spin dynamics (UppASD software)

Solving  
the equation of motion:
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Magnetic properties of NiO

J2

J1

ONi

LDA+U already provides a good description of the Jij’s
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NiO: J2 as a function of U

 t2 

U
Does          hold ?

Hopping changes too!
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