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LECTURE OUTLINE:

Operatorial Formulation Rotationally Invariant Slave Boson (RISB)

 The Single-Band Hubbard Model

 Slave Boson representations Hubbard Hamiltonian

 Slave Boson Mean Field Approximation

Algorithms and Implementation RISB mean field theory

 Functional Formulation

 Stationarity Equations and Numerical Implementation

DFT + Slave Boson Approximation (DFT+RISB)

 The correlated orbitals

 DFT+RISB: Solving iteratively Kohn-Sham-Hubbard model

 Examples: low-symmetry systems (UO2), polymorphism 
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Introduction (what is DFT+RISB useful for?)



Introduction
Kohn-Sham-Hubbard “Reference System”

Role RISB mean field theory in context of ab-initio calculations

Reference system to describe strongly-correlated materials (determined from K.S.)

Generic multi-band Hubbard Hamiltonian

R = label unit cell

k = Fourier-conjugate of R

,  = orbitals in R, i

(Example: i = 0: uncorrelated orbitals; i = 1: d orbitals atom 1 

i = 2: f orbitals atom 2 …) 4



RISB (mean field) Theory / GA

 Non-perturbative many-body technique which can 

be viewed as a (“good”) approximation to DMFT.

 Largely complementary to DMFT because it is 

much less computationally demanding.

The general RISB theory (before mean-field    

approximation) is an exact reformulation of the 

many-body problem.

Introduction
Kohn-Sham-Hubbard “Reference System”

Role RISB mean field theory in context of ab-initio calculations

What is RISB/GA good for?
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RISB (mean field) Theory / GA

Introduction
Kohn-Sham-Hubbard “Reference System”

Role RISB mean field theory in context of ab-initio calculations

What is RISB/GA good for?
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

Quadratic part correlated local orbitals included in

The Hubbard Hamiltonian 

Hloc

R = label site

 = spin = ;

U = Hubbard strength

= hopping coefficients
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

Focus on the local space at given R

Local Hilbert Space

(Scope: derive equivalent reformulation of the Hubbard 

model more suitable to define a mean-field 
approximation)
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

Defining mapping onto subspace of infinite-dimensional Hilbert space

Slave-Boson Local Hilbert Space
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

Quadratic part correlated local orbitals included in

Slave-Boson Local Hilbert Space

Hloc
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

Gutzwiller constraints (introducing definition Fa matrices)

Operatorial Gutzwiller Constraints
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

Slave Bosons = “Local Modes” (interaction becomes quadratic)

The Hubbard Hamiltonian
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

The Hubbard Hamiltonian

SB representation hopping (non-local) term
We look for SB representation Ladder operators
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

With no loss of generality, 

we can search for solution represented as:

One of the possible solutions is ( PRB 76, 155102 (2007) ) :
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

15

arXiv:1606.09614 (2016)



Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

Summary SB reformulation: quadratic interaction, “renormalized” hopping

The Hubbard Hamiltonian
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

Mean Field theory as a variational approximation

The Slave Boson Hubbard Hamiltonian

Assuming following variational ansatz:
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

We need to calculate average: 1) interaction, 2) constraints, 3) hopping

The Slave Boson Hubbard Hamiltonian

Assuming following variational ansatz:
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

Expectation value Local Interaction ( local reduced density matrix)

The Slave Boson Hubbard Hamiltonian

Assuming following variational ansatz:

Local interaction:
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

Expectation value Gutzwiller Constraints

The Slave Boson Hubbard Hamiltonian

Assuming following variational ansatz:

Gutzwiller constraints:
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

Expectation value Renormalization Operators

The Slave Boson Hubbard Hamiltonian

Assuming following variational ansatz:

Renormalization factors:
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

Mean Field renormalization factors

Consequently, in summary:
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

Observation: number of independent SB amplitudes (ignoring symmetry)

Number of independent complex parameters  is

22  22

Impurity Bath
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

Quadratic part correlated local orbitals included in

Generic Hubbard Hamiltonian 

Hloc
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The Single-Band Hubbard Model

Slave Boson representations Hubbard Hamiltonian

Slave Boson Mean Field Approximation

Constrained minimization problem, 2Mi  2Mi independent SB amplitudes

The variational energy

where

to be minimized satisfying the Gutzwiller contraints:
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

Functional Formulation

Stationarity Equations and Numerical Implementation

Step 1: promoting p, to independent variables using Lagrange multipliers

Functional formulation SB

R

where
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

Functional Formulation

Stationarity Equations and Numerical Implementation

Step 2: Eliminating (formally)          and E

Functional formulation SB

where
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

Functional Formulation

Stationarity Equations and Numerical Implementation

Step 2: Eliminating (formally)          and E

Functional formulation SB

where
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

Functional Formulation

Stationarity Equations and Numerical Implementation

Step 3: Re-interpretation i using Schmidt decomposition

Functional formulation SB

Elements i can be viewed as coefficients Schmidt decomposition:

Impurity Bath 30



Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

Functional Formulation

Stationarity Equations and Numerical Implementation

Step 3: Re-interpretation i using Schmidt decomposition

Functional formulation SB

where
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

Functional Formulation

Stationarity Equations and Numerical Implementation

Stationarity equations: , R, p; &c; D, c

SB stationarity equations

where
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The correlated orbitals

LDA+RISB: Solving iteratively Kohn-Sham-Hubbard model

Examples: low-symmetry systems (UO2), polymorphism 

“Adding interaction” to KS (only for selected correlated orbitals)

The Projector: Definition of the Correlated Orbitals

where

33K. Haule et al., Phys. Rev. B 81, 195107 (2010)



Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The correlated orbitals

LDA+RISB: Solving iteratively Kohn-Sham-Hubbard model

Examples: low-symmetry systems (UO2), polymorphism 

LDA+SB as solving iteratively Kohn-Sham-Hubbard Hamiltonian

Functional formulation LDA+SB for non-linear

double-counting
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

The correlated orbitals

LDA+RISB: Solving iteratively Kohn-Sham-Hubbard model

Examples: low-symmetry systems (UO2), polymorphism 

LDA+SB as solving iteratively Kohn-Sham-Hubbard Hamiltonian

Functional formulation LDA+SB for non-linear

double-counting

35



UO2 (arXiv:1606.09614 (2016))

Cubic fluorite 

structure

Point symmetry U atoms

“double O point group” (low symmetry)

Self Energy  non diagonal (less symmetry  less selection rules)

Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

Kohn-Sham-Hubbard “Reference System”

Role RISB mean field theory in context of ab-initio calculations

Examples: low-symmetry systems (UO2), polymorphism 

An example: Orbital Differentiation with Crystal Field Effects in UO2

36



UO2 (arXiv:1606.09614 (2016))

Eigenvalues of the 5f quasi-particle matrix Z and corresponding orbital occupations 

for LDA+RISB calculations. Theoretical results obtained by taking into account the 

crystal field splittings and by neglecting them.

Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

Kohn-Sham-Hubbard “Reference System”

Role RISB mean field theory in context of ab-initio calculations

Examples: low-symmetry systems (UO2), polymorphism 

An example: Orbital Differentiation with Crystal Field Effects in UO2

Crystal Field Splitting essential in order to capture 

the correct pattern of orbital differentiation in UO2
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UO2 (arXiv:1606.09614 (2016))

Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

Kohn-Sham-Hubbard “Reference System”

Role RISB mean field theory in context of ab-initio calculations

Examples: low-symmetry systems (UO2), polymorphism 

An example: Orbital Differentiation with Crystal Field Effects in UO2

38



 Carbon: Graphite, Diamond (different mechanical, 
optical, electronic properties)

 TiO2: Anatase, Rutile (enhance photocatalytic
activity in Anatase with respect to Rutile)

 White and Grey Tin (different electronic and 
mechanical properties)

LDA-like functionals lead systematically to wrong 

predictions for correlated materials, e.g., involving 

transition-metal atoms.

Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

Kohn-Sham-Hubbard “Reference System”

Role RISB mean field theory in context of ab-initio calculations

Examples: low-symmetry systems (UO2), polymorphism 

An example: Polymorphism in Strongly Correlated Materials

Polymorphism
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Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

Kohn-Sham-Hubbard “Reference System”

Role RISB mean field theory in context of ab-initio calculations

Examples: low-symmetry systems (UO2), polymorphism 

An example: Polymorphism in Strongly Correlated Materials

Ground state structures and equilibrium volumes predicted by LDA and LDA+GA/RISB
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MnO energy – volume curves DFT + GA/RISB 

Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

Kohn-Sham-Hubbard “Reference System”

Role RISB mean field theory in context of ab-initio calculations

Examples: low-symmetry systems (UO2), polymorphism 

An example: Polymorphism in Strongly Correlated Materials

Energy Profile MnO

41



MnO energy – volume curves DFT + GA/RISB MnO energy – volume curves DFT + U

Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

Kohn-Sham-Hubbard “Reference System”

Role RISB mean field theory in context of ab-initio calculations

Examples: low-symmetry systems (UO2), polymorphism 

An example: Polymorphism in Strongly Correlated Materials

Energy Profile MnO
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Phys. Rev. Lett. 111, 196801 (2013), Phys. Rev. B 90, 161104(R) (2014), 

Phys. Rev. Lett. 113, 036402 (2014)

Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

Kohn-Sham-Hubbard “Reference System”

Role RISB mean field theory in context of ab-initio calculations

Examples: low-symmetry systems (UO2), polymorphism 

An example: The - transition of Ce

Experimental data at 

room temperature



Actinides Transition

Operatorial Formulation Slave Bosons (RISB)

Functional Formulation and Implementation

DFT + Slave Boson Approximation (DFT+RISB)

Kohn-Sham-Hubbard “Reference System”

Role RISB mean field theory in context of ab-initio calculations

Examples: low-symmetry systems (UO2), polymorphism 



HANDS-ON SESSION 

(assistant: Tsung-Han Lee)

Using RISB Code Developed with Yongxin Yao (Iowa) 

and Gabriel Kotliar (Rutgers):
N. Lanatà, Y. Yao, C.-Z. Wang, K.-M. Ho, and G. Kotliar, PRX 5, 011008 (2015)

N. Lanatà, Y. Yao, X. Deng, V. Dobrosavljevic and G. Kotliar, arXiv:1606.09614 (2016).

Implementation of LAPW interface with the DFT WIEN2K code adapted 

from DFT+DMFT code of: 

K. Haule et al., see Phys. Rev. B 81, 195107 (2010).



For details, please refer to CyGutz user guide:
http://ykent.public.iastate.edu/cygutz/

CyGutz User Guide

http://ykent.public.iastate.edu/cygutz/


Fundamental object encoding material structure processed by our symmetry-

analysis codes:

ASE (Atomic Simulation Environment, GNU LGPL license) class “Atoms”

ASE “Atoms” 

class
Used by our codes 

for symmetry 

analysis

Wien2k

(.struct file)

Vasp

(POSCAR file)
…..

In our DFT (Wien2k) + X (GA/RISB, DMFT,…) “Atoms” class automatically 

created from Wien2k structure file

But our symmetry codes elaborate the ASE (GNU LGPL license) “Atoms” 

class (which does not depend on Wien2k)

Can be also  

defined manually 

in principle



Example where “Atoms” class is created manually

Manual preparation “Atoms” class of MnBi

Corresponding Wien2k structure file automatically written in proper format 



Example where “Atoms” class is written/read from 

different structure files 

Creating “Atoms” classes from existing Vasp POSCAR files 

Corresponding Wien2k structure files automatically written from 

“Atoms” classes 



Work done by our symmetry code: Part 1 

Detect: (I) symmetry group lattice, (II) equivalent atoms in 

unit cell, (III) point symmetry groups of inequivalent

correlated atoms (3x3 matrices representing 3-dimensional 

space isometries). 

“Easy”: Essentially real-space geometry. 

Automatically done by “pymatgen” (ASE-based open-source 

software)

Starting point for actual symmetry analysis (see the next slide).



Work done by our symmetry code: Part 2 

Use theory of group representations to split single-particle 

space and many-body local space of strongly correlated 

electrons in irreducible representations.

More complicated: Depends on whether we treat “d” or 

“f” electrons, whether we neglect or not SOC/CF, single-

particle space or many-body space, etc… In general. It 

depends on how the quantum configurations considered 

transform with respect to the group transformations. 

Additional complications of “double groups” (2 rotations 

not identity for half-integer J).

This enables us to obtain: (I) “symmetry basis” in which 

the local self-energy and the many-body local density matrix

of the correlated electrons are as simple as possible (block 

diagonal, inequivalent representations not coupled, ecc…).



Interactive user interface 

Given a folder with a completed DFT job, the python script “init_ga.py” asks 

questions to the user concerning the desired approximations.

(The symmetry analysis depends on whether the correlated shell is “d” or “f” and 

whether the SOC or the CFS are negligible)

Examples:

 If SOC is neglected a rotation within the single-particle (or many-body) space is 

represented as exp(iL), where L is the orbital angular momentum. If instead both 

SOC and CFS are important, a rotation within the same space  is represented as 

exp(iJ), where J=L+S is the total angular momentum.

 If J is half-integer a rotation of 2 is not the identity (but the identity multiplied 

by -1). This requires to duplicate the group (double groups). For instance, the 

Koster symbols in our paper about UO2 [arXiv:1606.09614 (2016)] correspond to 

irreducible representations of a double group.

Our code can deal with all of these possibilities automatically. The user does not 

need to know anything about group theory, but simply describe the physical 

problem and the desired approximation scheme.



Initialization UO2: 

LDA 



Initialization UO2 : LDA



Initialization UO2 : LDA



Initialization UO2 : LDA



Initialization UO2 : LDA



Initialization UO2 : LDA



Initialization UO2 : LDA



Initialization UO2 : LDA



Initialization UO2 : LDA



Initialization UO2: 

LDA + RISB 



Initialization UO2 : LDA + RISB

Running script “init_ga.py” in folder with completed DFT run 



Initialization UO2 : LDA + RISB



Answer “y” only if looking for solution breaking local spin/orbital 

symmetry spontaneously (e.g., we may need it for URu2Si2)

Initialization UO2 : LDA + RISB



Pymatgen detects automatically equivalent atoms (information used to 

avoid solving repeatedly equivalent impurity problems)

Initialization UO2 : LDA + RISB



Code asking user if atom with label “0” (which is U) is 

correlated or not

Initialization UO2 : LDA + RISB



U atom has f correlated electrons

Initialization UO2 : LDA + RISB



SOC and CFS not negligible: System 

not spin rotationally-invariant. 

Discrete group with rotations 

generated by J=L+S 

Initialization UO2 : LDA + RISB



Code asking user if atom with label “1” (which is O) is 

correlated or not (it’s not)

Initialization UO2 : LDA + RISB



Other questions not related 

with symmetry analysis

We choose Slater parametrization local 

interaction (consequently values of U,J 

will be asked)

Initialization UO2 : LDA + RISB



We generally choose standard 

(quadratic) double counting in all of our 

calculations

Other questions not related 

with symmetry analysis

Initialization UO2 : LDA + RISB



Question specific for GA/RISB solver 

(precision requested for self-energy self 

consistency, which is formulated as a root 

problem)

Other questions not related 

with symmetry analysis

Initialization UO2 : LDA + RISB



Question specific for GA/RISB solver 

(solver used for root problem, basically 

better to use default option in all cases)

Other questions not related 

with symmetry analysis

Initialization UO2 : LDA + RISB



The cluster impurity (option 1) is not even 

implemented. Answer “0” to apply standard 

single-site approximation scheme

Other questions not related 

with symmetry analysis

Initialization UO2 : LDA + RISB



Option “5” is basically a robust 

implementation of Lanczos (best option 

for now).

Currently testing new solvers (DMRG, 

CISD, etc.…). Big room for 

improvement with respect to Lanczos. 

Other questions not related 

with symmetry analysis

Initialization UO2 : LDA + RISB



Provide U,J parameters for atom 

indicated (U in this case)

Other questions not related 

with symmetry analysis

Initialization UO2 : LDA + RISB



Relevant valence range of U atom. 

Embedding problem computationally 

challenging when CFS and SOC both non-

negligible. Valence truncation necessary 

with Lanczos (and fortunately licit for this 

system).

Other questions not related 

with symmetry analysis

Initialization UO2 : LDA + RISB



Initialization completed.

Corresponding information 

given (and part of the 

processed information) 

dumped in file 

“init_ga.slog”.

Initialization UO2 : LDA + RISB



Block structure of self energy of f electrons of U 

atom in symmetry basis accordingly to Shur

Lemma (calculated by our symmetry code)

Initialization completed.

Corresponding information 

given (and part of the 

processed information) 

dumped in file 

“init_ga.slog”.

Initialization UO2 : LDA + RISB



Hands-on Session: Outline

 α-Ce LDA+SB calculation:
density of state, multiplets histogram, band structure.

 α-Fe LDA+SB spin polarized calculation:
density of state, band structure.

 (Optional) Energy-Volume scan for α-Ce.



Hands-on Session: α-Ce

Folder structure:



Hands-on Session: α-Ce

 Perform a LDA+spin orbit calculation with vxc=5(LDA), 
numk 5000, rkmax=9.

 Copy the converged LDA folder to LDA+SB and 
perform a LDA+SB calculation.

 Plot density of state(using plot_dos.py in ./scripts).
 Plot multiplet histogram(using 

multiplets_analysis_soc.py in ./scripts).
 Perform one shot calculation for band structure with 

fcc k-path.
 Plot band structure(using plot_bands.py in ./scripts ).

Please refer to the README files or 
http://ykent.public.iastate.edu/cygutz/tutorials.ht

ml#ce-with-spin-orbit-interaction for details

http://ykent.public.iastate.edu/cygutz/tutorials.html#ce-with-spin-orbit-interaction


Hands-on Session: α-Fe

Folder structure:



Hands-on Session: α-Fe

 Perform a LDA calculation with vxc=5(LDA), numk
5000, rkmax=8.

 Copy the converged LDA folder to LDA+SB and 
perform a spin ploarized LDA+SB calculation.

 Plot density of state(using plot_dos.py in ./scripts).
 Perform one shot calculation for band structure with 

bcc k-path.
 Plot band structure(using plot_bands.py in ./scripts).

Please refer to the README files or 
http://ykent.public.iastate.edu/cygutz/tutorials.ht

ml#ferromagnetic-calculation-for-fe for details

http://ykent.public.iastate.edu/cygutz/tutorials.html#ferromagnetic-calculation-for-fe


Hands-on Session: (optional) α-Ce E-V plot

 Change the RMT in Ce.struct to 2.3.
 Create structure files for different volume using 

gen_struct_folders.py in 
${WIEN_GUTZ_ROOT}/tools/WIEN2k/.

 Perform LDA+SB for each volume.
 Plot EV curve using analysis_total_energy.py in 

${WIEN_GUTZ_ROOT}/tools/Gutzwiller/.

γ-α Isostructural Transition in Cerium, N. Lanata et. al
http://journals.aps.org/prl/abstract/10.1103/PhysR

evLett.111.196801

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.196801


Extract important quantities

 Total energy: grep :ENE case.scf.
 Quasiaprticle weight: grep -A 26 daggerR GUTZ.LOG.
 Magnetic moment: grep MOMENT GUTZ.LOG.
 Quasiparticle occupancy: grep –A 26 NKS-UNSYM 

GUTZ.LOG
 Physical occupancy: grep -A 26 NCP_RENORM 

GUTZ.LOG.
 Check convergence: grep :ENE case.dayfile
 Check CyGutz convergence: grep MAXERR GUTZ.LOG.

NOTE: One can grep either GL_LOG.OUT or GUTZ.LOG for 
CyGutz information.
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