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Quantum ESPRESSO

QUANTUMESPRESSL

HOME PROJECT DOWNLOAD RESCURCES PSEUDOPOTENTIALS CONTACTS NEWS&EVENTS

NEWS
10.05.18
THE WALTER KOHN PRIZE

Nominations are now being accepted for the
second Walter Kohn Prize for quantum-
mechanical materia...

30.01.18
QE DEVELOPERS MEETING 2018

Agenda
February 1st 2018

9:30 - 9:55 -- Paolo Giannozzi: Introduction.
slides

10:00 -...

11.12.17
QUANTUM ESPRESSO V.6.2.1

Version 6.2.1 of Quantum ESPRESSO is

available for download from GitLab and on ge-

forge..

QUANTUM ESPRESSO

is an integrated suite of Open-Source computer codes for electronic-structure calculations and
materials modeling at the nanoscale. It is based on density-functional theory, plane waves, and
pseudopotentials.

https://www.quantum-espresso.org
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Welcome to OpenMX

pen source package for Material eXplorer

Contents

What's new
International Summer Workshop for July 2nd-12th, 2018
Patch (Ver. 3.8.5) to OpenMX Ver. 3.8 (June 12, 2018)

What is OpenMX?

Download

Manual of Ver. 3.8

Manual of Ver. 3.7

Technical Notes

Video Lectures

Publications

OpenMX Forum

OpenMX Viewer

Workshop

Database of VPS and PAO
Ver. 2013

ADPACK

Miscellaneous informations

Contributors

Acknowledgment

Opening positions

Links

OpenM X

http://www.openmx-square.org
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LDA/DFT+DMFT  G. Kotliar ef al., RMP 78, 865 (2006)
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http://hauleweb.rutgers.edu/tutorials/Overview.html

A E 7 =7 B

N. Marzari and D. Vanderbilt (1997), 1. Souza et al. (2001)

PR WE IR
L7 — &

SrVOs: M. Imada and T. Miyake (2010)

« DFT 2 — N2l 9 BRI L 72\
« U = 7RSO DB

Pro J ectors http://hauleweb.rutgers.edu/tutorials/Overview.html
M. Aichorn et al., PRB 80, 085101 (2009)
https://trigs.github.io/dft tools/master/ downloads/TutorialDmftproj.pdf
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Quantum (Anderson) impurity problem

Huie= Y Via] 5+ hee
k7a7/3

Continuous-time QMC, Hubbard-I approximation, exact diagonalization, efc.
A

Exact but expensive




Continuous-time Monte Carlo method

Review: E. Gull ef al., RMP 83, 349 (2011)

BT

Hybridization

ay, ,Ca+h.c expansion (CT-HYB)

Huie =y, V}
k7a7/8
7\
Hloczz ty, 56;265—'_ Z U&’ﬁ,%éé\a/\gé\yé\é
a’/B &7/67,7/76

Interaction expansion (CT-INT)

A. N. Rubtsov ef al., PRB
72, 035122 (2005)

P. Werner et al., PRL 97 076405 (2006)
P. Werner et al., PRB 74 155107 (2006)

Bath

A

7_(bath: § : ek,a&\g,ad\k,a

k,o

» Exact: A serious expansion of partition function

 Sign problem in solving multi-orbital model

* Parallel computing 1s necessary!



Hubbard I approximation

J. Hubbard, Proc. Roy. Soc. London A276, 238 (1963)

* Insulating solution at integer fillings
° Multl_orbltal Systems @ ...................... h

» Real-frequency data
 Can be ran on a laptop



Moy 7927

¢ TRIQS: A Toolbox for Research on Interacting

Quantum Systems
https://trigs.ipht.cnrs.fr/
» Green’s function libraries

» Quantum impurity solvers
» Interface with ab-initio codes

https://alpscore.org

¢ ALPSCore project

» Continuous-time quantum impurity solvers
- Hybridization-expasion algorithm

HS, E. Gull, P. Werner (2017)
- Interaction-expansion algorithm
HS, Y. Nomura, E. Gull (2018)

PythonT7 4 7 7V ZflAGHE T, ¥

i
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¢ DFT + Embedded DMFT Functional

http://hauleweb.rutgers.edu/tutorials/
Rutger’s university

» Quantum 1mpurity solvers
» Charge self consistency with Wien2k
» License issues

Solver Toolkit)

¢ iQIST (Interacting Quantum Impurity

https://github.com/iqist/iqist
» Quantum impurity solvers

¢ w2dynamics

M. Wallerberger et al., arXiv:1801.10209v 1
» Quantum 1mpurity solver
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Development of DCore ver. 1.0
D CO'”Q Efgsgrgir;t HOf s[:,?r?;kvﬁf, 2017. Released in April 2018

Openness:3 k&% Document quality:3 k%

A tool for performing quantum many-body simulations based on dynamical mean-field theory. In addition to predefined

models, one can construct and solve an ab-initio tight-binding model by using wannier 90 or RESPACK. We provide a post-
processing tool for computing physical quantities such as the density of state and the momentum resolved spectral

function. DCore depends on external libraries such as TRIQS and ALPSCore.

\ ref.) https://ma.issp.u-tokyo.ac.jp/en/app/1004

4 Predefined models

(a) chain (b) square (c) cubic (d) bethe
Density of states

Energy

DCore

DMFT calculations
using TRIOS and ALPS

&

i
RESPACK

-~ Pure Python implementation
GPLv3

\_




DCore v2 : ZENIER

» DCore p¥EE (HT1IFR )

Okayama univ.

J. Otsuki N. Takemori

 DOEBRIE
- Python2.7
- TRIQS 1.4 or 2.1+

Released in May 2019
ISSP

M. Kawamura

Acknowledgmentso T. Kato and Y. Motoyama

C++14 (1.4) or C++17 (2.14), geecd L < ldclangDh3ZE

SR ONNN 2Ty FEOT. ETHHEERELE !

y=

» HhFERRES
- Linux , OS X COHEITEMEZEE



DCore v2 B 5L

» ETI
(i S WIZIN
- EEHEN 7o %~ ¢ Bethe, chain, square, cubic lattice
- Wannier90/Z2\ : DFT calculations with/without spin-orbit coupling

- MHALER

- Slater-Kanamori interaction, efc.

» H MRS TR @
- JRWEMEGTEL., IR RS
» PHE

- HOxFAF— Hio,) VBRI SEENTE
- A7 PVEEC A(0), Ak, o) PISEE & LTOSMERD |
» MPIiE%I]
» WD E - AFY Y VN —DE
ALPS/CT-HYB, TRIQS/cthyb, TRIQS/Hubbard-11Z /i1 2T, XLPS/CT-

HYB-SEGMENT, pomerol % & Il Y ILIN— DB e B |
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https://github.com/issp-center-dev/DCore

issp-center-dev / DCore @uUnwatch~ 6  uUnstar 20  YFork 3
<> Code ') lssues 3 Pull requests 0 Actions Projects 0 Wiki Security Insights Settings
DMFT software for CORrelated Electrons https://issp-center-dev.github.io/DCo... ) * Edit
hubbard-model dmft guantum Manage topics
D 761 commits ¥ 15 branches (1 0 packages © 8 releases 4 1 environment 42 7 contributors 5z View license
—_—
Branch: master v New pull request Create new file  Upload files  Find file
k-yoshimi Merge pull request #72 from issp-center-dev/develop - v Latest commit c012167 on 18 Nov
B .travis_scripts Fixed typo in deploy_docs.sh 4 months ago
B8 cmake Reintroduced option TRIQS_PATH 8 months ago
s doc Fixed bug: *.dat was not install last month
BB docker Experimental support for computing chi0. Some minor updates. Docker f... 10 months ago
B examples Added version check for irbasis-utility, measurement of timing of fit... 4 months ago
B note Fixed implementation of sparse QMC sampling in ALPS/CT-HYB 7 months ago
B python Fixed a bug in loading self-energy from a HDF file created using triq... 2 months ago
i shells Removed dependency on TRIQS from build, ctest and doc 8 months ago
i test Removed duplicate cmake option: MPIRUN_COMMAND 5 months ago

| tools Fixed a bug in parsing knode, and a bug in w90tool.py 3 months ago


https://github.com/issp-center-dev/DCore
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https://issp-center-dev.github.io/DCore/master/index.html
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DCore documentation »

DCore

Table of Contents

DCore

= Whatis DCore?

= License

= Authors & Quotation
itHub repository
= Disclaimer
Installation

Tutorial

Reference Manual

Support

Previous topic

Table of contents

Next topic

Installation

Quick search

Go

DCore

integrated DMFT software for Correlated electrons

What is DCore?

DCore is aimed at model calculations and ab-initio calculations by the dynamical mean-field theory (DMFT). This package
consists of programs with text-based and hdf5-based interface. These programs enable users to perform DMFT calculations and
analyze results without writing computer code.

License

The DCore package is published under the GNU General Public License, version 3.
The following files are from the TRIQS (Toolbox for Research on Interacting Quantum Systems).

« https://github.com/issp-center-dev/DCore/blob/develop/python/impurity _solvers/trigs_hubbard_|_impl.py
« https://github.com/issp-center-dev/DCore/tree/develop/python/converters

We would like to express our sincere gratitude to TRIQS’s developers.

This package of ver.1.0 was developed under the support of “Project for advancement of software usability in materials science”
by The Institute for Solid State Physics, The University of Tokyo. The copyright of DCore ver.1.0 belongs to The University of
Tokyo.

Authors & Quotation

Developers:


https://issp-center-dev.github.io/DCore/master/index.html

B

https://issp-center-dev.github.io/DCore/master/index.html#authors-quotation

Authors & Quotation

Developers:

e ver.2.0

H. Shinaoka, J. Otsuki, K. Yoshimi, M. Kawamura, N. Takemori, Y. Motoyama
e ver. 1.1 (released on 2019/1/25)
e ver. 1.0 (released on 2018/3/24)

H. Shinaoka, J. Otsuki, K. Yoshimi, M. Kawamura, T. Kato

Related papers: This package depends on TRIQS libraries and applications. Please cite relevant papers for these original
libraries.

o TRIQS libraries
o TRIQS/DFTTools

In addition to the above two libraries, yofi may use impurity solvers listed below.

TRIQS/cthyb
TRIQS/hubbard|
ALPS/CT-HYB
ALPS/CT-HYB-SEGMENT

For some of them, they provide a BibTex entry for each paper in the above cites.

DCore v2 D g GEm D HEJHH !


https://issp-center-dev.github.io/DCore/master/index.html#authors-quotation
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https://issp-center-dev.github.io/DCore/master/basicnotions/structure.html

A7 740

426 DblockD> H R I L 4

[model] : BN BIY % e [impurity_solver] : A1) LN —DE%E
fe5 TRIQS/hubbard-I, TRIQS/cthyb,

B D% - FEHH ALPS/CT-HYBZ: £

T3

HH A7 DA
HAEEHDORE X

[control] : DMFT il RS D% E
RD AT v 7 HELFEDmixing’ S T X — %
DMFT-loop D iix KV — 7 4%

BAGuE FIC T 5 8E FEME 7 5 VA

IR D47 M DB

R IRHREY LD 71 L DEL
BULMTY5ES
LR T vIb

etc...

[mpi] : MPDIEAIG R D% E
mpirun2 Y FHRE

[tool] : A ULBRIKF DE¥E
N o e/ NIEIRENEL
kDGR « 8 5L E TR
IREBDIBTHED S 7 i

etc.
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https://issp-center-dev.github.io/DCore/master/reference.html

DCore

Table of Contents

. DCore
Installation
\ Tutorial
Reference Manual
= Programs
= |nput-file format

= Output-file format
= Impurity solvers

Support

Previous topic

SI'VO3

Next topic
Programs

Quick search

Go

Programs

o

o

o

o

o

Reference Manual

Pre-processing : dcore_pre 270 75 D AT
Main program : dcore — L
Convergence-check : dcore_check Hjj] 7 7 /f 4
Post-processing : dcore_post -
Online help

Input-file format

o

Q

Q

Q

o

o

[model] block
[system] block

[impurity_solver] block <)\j]/€ SA— 4 }

[control] block
[tool] block
[mpi] block

Output-file format

e A T

o dcore_check

o dcore_post

Impurity solvers

o

o

o

o

CT-QMC: ALPS/CT-EYB

CT-QMC: TrRIQS/cthyb

CT-QMC with segment implementation: ALPS/CT-HYB-SEGMENT
Hubbard-| approximation: TR1Qs/hubbard-I

Hubbard-l approximation: pomerol <Z:%IE 'F@ VLN —
ik

Non-interacting limit: nu11

How to integrate your own solver


https://issp-center-dev.github.io/DCore/master/reference.html

Imodel] block

dcore_pre dcore dcore_check dcore_post
[model] Yes Yes Yes Yes
[system] Yes Yes Yes
[impurity _solver] Yes Yes
[control] Yes
[tool] Yes Yes

[mpi] Yes Yes



https://issp-center-dev.github.io/DCore/master/reference.html
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[model] block

This block includes parameters for defining a model to be solved.

Name Type  Default Description

seedname String dcore Name of the system. The model HDFS file will be
seedname.h5.

lattice String chain Chosen from “chain”, “square”, “cubic”, “bethe”, “wannier90”,
and “external”

t Float 1.0 Transfer integral (Nearest neighbor)

t Float 0.0 Transfer integral (Second nearest)

nelec Float 1.0 Number of electrons per unit cell.

norb String 1 Number of orbitals at each correlated shell (ncor integers
separated by commas or spaces.)

ncor Integer 1 Number of correlated shells in a unit cell (for lattice =
wannier90).

corr_to_inequiv String None Mapping from correlated shells to equivalent shells (for lattice
= wannier90)

bvec String  [(1.0,0.0,0.0),(0.0,1.0,0.0), Reciprocal lattice vectors in arbitrary unit.

(0.0,0.0,1.0)]

nk Integer 8 Number of k along each line

nkO Integer O Number of k along b_0 (for lattice = wannier90, external)

nk1 Integer 0O Number of k along b_1 (for lattice = wannier90, external)

nk2 Integer 0O Number of k along b_2 (for lattice = wannier90, external)

spin_orbit Bool False Whether the spin-orbit case.

interaction String  kanamori Chosen from "slater_uj", "slater_f", "kanamori”, “respack”
(See below)

density_density Bool False If true, only the density-density part of the interaction is used
(See below).

kanamori String  None U (Diagonal Coulomb pot.), U’ (Off-diagonal Coulomb pot.)
and J (Hund coupling) (See below).

slater_f String None Angular momentum, Slater integrals F (See below).

slater_uj String None Angular momentum, Slater integrals in U and J (See below).

local_potential_matrix String None dict of {ish: ‘'filename’} to specify local potential matrix of ish-
th shell

local_potential_factor String 1.0 Prefactors to the local potential matrix (float or list with

len=ncor)




lattice

For model calculations, the following preset models are defined:

e chain

* square

e cubic

* bethe (semicircular DOS with energy ranges [-2t:21])

(a) chain (b) square (c) cubic (d) bethe
Density of states

b —

—2t 2t
Energy

For DFT+DMFT calculations, hopping parameters in the Wannier90 format can be imported by
e wannier90
Place the Wannier90 file in the current directory with the name seedname _hr.dat.
For experts, the lattice data may be prepared by your own. In this case, use
« external

In this mode, you should make all necessary data in dft_input group of seedname.h5. The data structure follows
DFTTools. For details, see the reference manual of DFTTools.

The pre-process dcore_pre does not touch the data in dft_input group, and write only additional data such as
interactions into pcore group.



Correlated shell & inequivalent shell

3fE - 2J5 1% (spin_orbit=False) 7Y —
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[model] [model] 1 #0 0
ncor = 2 ncor = 2 d o B
norb =3, 3 norb = 3

corr_to_inequiv =0, 0

' bit = Fal ! |
. . spin_orbit = False

- A
Corr. shell 0 \ Corr. shell 0
(inequivalent shell 0)| | 3¥LE (inequivalent shell 0)
- > » »
@ N 5 O 2L ¥F—
~ .
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Correlated shell & inequivalent shell

» . . ") — x
3MLIE - 2J7 5% (spin_orbit=True) 7 B
T l
[model] [model] Mo#0 | #0
_ ncor = 2
ncor = 2 b= 3
norb =3, 3 norb =2 . 1 # | #0
corr _to mequiv =0, 0
Corr. shell 0 i Corr. shell 0 i
(inequivalent shell 0) (inequivalent shell 0)
Corr. shell 1 1 Corr. shell 1 1
x (inequivalent shell 1) x (inequivalent shell 0)
. .S
$= Uncorrelated orbitals 3= Uncorrelated orbitals
S VoS v
:é Corr. shell 0 ¢ 4’_5’3 Corr. shell 0 i
J%r (inequivalent shell 0) = (inequivalent shell 0)
2 2
S Corr. shell 1 | S Corr. shell 1 l
= (inequivalent shell 1) = (inequivalent shell 0)
Uncorrelated orbitals Uncorrelated orbitals
v \ 4 \/ v
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Slater-KanamorifH A4 H

Uoaaa = U,

Uopap = U’ (a # p),
Uappa = J (a # p),
Ugapp = J (a # p),

where U, U’,J at each correlated shell are specified by the parameter
kanamori as

interaction = kanamori
kanamori = [(U 1, U' 1, J 1), (U2, U' 2, J2), ... ]

Slater 1 72 EDRD /N7 X =4, 7 7 A NVATTHH R — |



[system] block

dcore_pre dcore dcore_check dcore_post
[model] Yes Yes Yes Yes
| [system] Yes Yes Yes
[impurity _solver] Yes Yes
[control] Yes
[tool] Yes Yes
[mpi] Yes Yes



https://issp-center-dev.github.io/DCore/master/reference.html

[system] block

This block includes thermodynamic parameters and some technical parameters such as the number of Matsubara frequencies.

Name Type Default Description

beta Float 1.0 Inverse temperature. This parameter is overridden, if T is given.

T Float -1.0 Temperature. If this parameter is given, beta is overridden by 1/T.
n_iw Integer 2048 Number of Matsubara frequencies

fix_mu Bool False Whether or not to fix chemical potential to a given value.

mu Float 0.0 Initial chemical potential.

prec_mu Float 0.0001 Threshold for calculating chemical potential with the bisection method.
with_dc Bool False Whether or not use double counting correction (See below)

If the parameter with_dc is specified to True, the following part of the self-energy is subtracted to avoid the double-counting error
of the self-energy.

dc—i 7 %
ZI,GO’;;:? = 660' Z Ua}’ﬁé (0761 Céo, >0 - 2 Uay&ﬂ(cmr céo)O’

yoa, 70

where (- ), indicates the expectation value at the initial (Kohn-Sham) state.


https://issp-center-dev.github.io/DCore/master/reference.html

[1mpurity solver]| block

| dcore_pre dcore dcore_check dcore_post
‘[model] Yes Yes Yes Yes
[system] Yes Yes Yes

Q_Limpurityﬂsolverl Yes Yes
‘[control] Yes

[tool] Yes Yes

[mpi] Yes Yes



https://issp-center-dev.github.io/DCore/master/reference.html
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General interaction
(non density—
density)

Spin—orbit coupling
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https://issp-center-dev.github.io/DCore/master/impuritysolvers.html
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https://issp-center-dev.github.io/DCore/master/impuritysolvers.html

[impurity _solver] block

This block specifies an impurity solver to be used and necessary parameters for running the solver program.

Name Type Default Description
name String null Name of impurity solver. Available options are null, TRIQS/cthyb, TRIQS/hubbard-I,
ALPS/cthyb, ALPS/cthyb-seg, pomerol.

basis_rotation String None You can specify either 'Hloc’, ‘None’, or the location of a file..

» TRIQS/hubbard-I

[impurity solver)

name TRIQS hubbard I

» ALPS/CT-HYB AF ) WS—=[EH DR T X =8 %
[impurity solver] Tﬁﬁﬁ‘l‘ﬁg (@Tgﬁﬁi\;\\%)

name ALPS/cthyb
timelimit{int} 300

exec path{str} SHOME/opt/CT-HYB/bin/hybmat


https://issp-center-dev.github.io/DCore/master/reference.html
https://issp-center-dev.github.io/DCore/master/impuritysolvers.html

|control] block

dcore_pre dcore dcore_check dcore_post
[model] Yes Yes Yes Yes
[system] Yes Yes Yes
[impurity _solver] Yes Yes
| [control] Yes
[tool] Yes Yes
[mpi] Yes Yes



https://issp-center-dev.github.io/DCore/master/reference.html

[control] block

This block includes parameters that control the self-consistency loop of DMFT.

Name Type Default Description

max_step Integer 100 Maximum steps of DMFT loops

sigma_mix Float 0.5 Mixing parameter for self-energy

restart Bool False = Whether or not restart from a previous calculation stored in a HDF file.

initial_static_self energy String None dict of {ish: ‘filename’} to specify initial value of the self-energy of ish-th shell. The
file format is the same as local_potential_matrix.

initial_self_energy String None Filename containing initial self-energy in the same format as sigma.dat generated
by dcore_check.

time_reversal Bool False If true, an average over spin components are taken.

symmetry_generators String None Generators for symmetrization of self-energy.
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[tool] block

dcore_pre dcore dcore_check dcore_post
[model] Yes Yes Yes Yes
[system] Yes Yes Yes
[impurity _solver] Yes Yes
[control] Yes
| [tool] Yes Yes
[mpi] Yes Yes
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[tool] block

This block includes parameters that are solely used by dcore post.

Name Type  Default Description

nnode Integer 0 [NOT USED] Number of node for the k path

nk_line Integer 8 Number of k along each line

knode String [(G,0.0,0.0,0.0), The name and the fractional coordinate of each k-node.

(X,1.0,0.0,0.0)]

omega_min Float

-1.0

Minimum value of real frequency

omega max Float 1.0 Max value of real frequency

Nomega Integer 100 Number of real frequencies

broadening Float 0.1 An additional Lorentzian broadening

eta Float 0.0 Imaginary frequency shift for the Pade approximation

omega pade Float 5.0 Cutoff frequencies for the Pade approximation. Data in [-i omega_pade, i
omega_pade] is used.

omega_check Float 0.0 Maximum frequency for dcore_check. If not specified, a fixed number of

Matsubara points are taken.
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[mp1] block

dcore_pre dcore dcore_check dcore_post
model] Yes Yes Yes Yes
[system] Yes Yes Yes
impurity_solver] Yes Yes
control] Yes
tool] Yes Yes
{ [mpi] Yes Yes

[mpi] block

This block includes parameters which are read by dcore and dcore_post.

Name Type Default Description

command String mpirun -np # Command for executing a MPI job. # will be relaced by the number of processes.

dcore, dcore postNHB CMPIZEE] T % & T IZflib i3
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