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We describe method developments and their implementation in the WEST code; WEST is a massively parallel code for large-scale many-body perturbation theory calculations (GW
and BSE) with scalar and fully relativistic pseudopotentials.

Large-scale many-body perturbation theory Electron-phonon couplmg Verification

4 &
. — - ‘ . "G,W, for molecules
SRS . — - Efficient evaluation of e-ph self- | | I B R GoW, for solids: comparison between . (()3\/\(;100 test set
Distinctive features aaaledet s s ~' VO ' o energies using GW quasi-particle G . - G results obtained with \West and those
. . : . s el RWE ¥ WSO, g R b £ Z reported by D.Nabok et al, PBR 2016 « Compared All Electron and
* Low-rank decomposition of dielectric matrices v === ARl XA K g $ energies F F _ T .
e o BEi ¢ el W QR a7 - . (GoW, @LDA with the exciting code). Pseudopotential codes
(no explicit diagonalization and storage of the . .. ssntd B R AROR SO < B0y B * No virtual electronic states - A t bet MBPT
full matrix) e N Sl e & + Lanczos algorithm is utilized to T PO P S greement between
u o : : . T T e _ s . S NS N a2y b o Cde  756(143) 2.99(-294) 1055(10.38) 6.67(-658) 6.32(6.26) results is ~2x worse than in
* No explicit calculation of virtual electronic states Defects Solids w/ SOC  SiNP Janus NP compute all self-energies over the [’ 7 | | A\ Sidb TR LUCLID 6616E) 33N 2480245 DET
« GW with full frequency integration 1920 el. Upto 1152 el. 1344 el. 2816 el. full frequency spectrum Energy (eV) S Eemen | BNzb  1134(1128) -212(204) 1228(1232) -530(5.13) 64%647) gEmmE DFT(PBE) ====y
) . . AlP-zb  4.28(4.10) -0.77-078) 387(3.69) -2.14(-2.14) 2.61(2.41) 400S
- GW startlng from semi-local and hybrld DFT . GaN-zb  2213.00) -1.17(-094) 523(6.10) -3.15(-:2.64) 4.13(4.71) ( ABLO-CZVP '3005
. . . . ° GaAs-zb  071(1.16)  -1.30(-1.16)  1.26(1.60) -2.94(-2.71)  1.82(1.95) 20 ¢
_+ Parallelization demonstrated over 500k cores on ANL Mira and 200k cores on ANL Theta ) Combined Temperature dependent computational MgOrs 736763 074071 10751091) L4145 11861211 - . R
ZnS-zb  3.30(3.38 0.89(-0.85) 4.67(4.73 2.26(-2.16)  4.73(4.64 . - S
/ \ f Approach iﬁeftrosctop)t; d ) B |t CdS-zb l.‘)(::?..()‘): 1),82:-0.78; 3.95:4.14; .:.mf.x.«,u; 4.49:4.54; PSPW-(254 80Ry) 176 1 160 8
eLiTetimes 10 e yse 18] olInZzmann Ar-fee  13.57(13.20) -0.17(-0.17) 16.94(16.36) -0.5((-0.50) 16.68(16.06) . 80 g
New Features Software development | Nefoc 19910031 010009 25920606 021029 26932118 S—— I“:
Transport Equatlon (BTE) LiF-rs  14.10(14.09) -027(-026) 1587(15.90) -1.15(-1.10) 20.60(20.24) o g
\ /
 Electron-phonon self-energy evaluated A dedicated GitLab server is operational F | _ _ 3 K /
without computing virtual electronic states (http://greatfire.uchicago.edu) Electron_electron and electron_phonon Iifetimes OHQOIOQ work: impact .Of semi-core ======V\7=(é;EE)===’
« GW calculations with spin-orbit coupling * Public releases are mirrored on GitHub i o states in GyW, calculations f‘ﬂ- - =aR “
. - . . . . . €—€ - ro Vo 0 . VASP (QP-iin) 1 ~
 Novel hybrid functionals derived from GW - Continuous Integration is used to verify the (27°) " = 2[ImEoWo(Ex)| wol + T Two PP for WO;: PP1 (28 VE for W), PP2 (14 | I
- - . : : f f (7-0—1"1)“1 = 2|ImEeP(Et)| I VE for W) yield the same results at the DFT WEST (@P.in) | 285 " 18 2
* Implementation of k-point sampling integrity of the code at every step of the n 0. : level but different results for CBM and band |
* WEST-Qbox coupling for BSE and GWTI development Computation of electron-electron and electron- <., 4 gap at the G,W, level of theory
* Restructured 1/0O in JSON format, enabling * Documentation is automatically generated phonon self-energies are combined ™ : T T
seamless integration with WESTPy and using Sphinx Lifetimes can be efficiently computed in . : . BA102) — S41029) —4453T) 314D
L] g L] [ . . o et - - < - . - . .- - - -
\_ compatibility with Jupyter notebooks J L * Licensed under the open-source GPLv3 Y, nanoparticles with more than several hundred 0 e . R,  942(1027) 943(1028) 557(643)  587(6.45)
(€ = EvcmoWE gup R, 15.37(16.04) 15.21(15.88) 12.53(12.23) 14.25(12.07)
aj . . .25(0. : .72 2. k
) electrons and phonon modes R. McAvoy, M. Govoni, G Galli JCTC, under review (2018) = s s — M. Govoni, G. Galli, JCTC (2018)

WESTpy and REST API tutorials )
- WESTpy is a python package designed to assist users of Ju’py?; Liquids and SOIidlquUid interfaces Hybrid fu nCtionaI fOl' intel‘faces
N

the WEST code in pre- and post-processing operations

« REST API tutorials allow users to run the codes as-a- \( . . A » Dielectric properties of interfaces expressed in terms of those of

%
service, without learning how to install it http://www.west-code.org/doc/westpy/latest/ SOIVated WO3 Surface quU|d Water and sub- systems
\ . . gy Aqu eous S OlUti ons  Design of local hybrid functional for modeling heterogeneous systems

Local hybrid functional Dielectric constant evaluated using
it L — . ‘ > - a finite field method (with Qbox)
WEST porting to new platforms o e RS P [ il =i gt L E=-), / drdr’ ¢— |,. 5 Y JPIPRLL |

2 » Studied a realistic model of non- -
. _ i die , _ «FPMD (DFT & hybrid-DFT) ( [ _L] PBE[ (1]
WEST was ported to Intel Xeon Phi KNL platforms: & 100 b Bhvin i stoichiometric WO, surfaces with . GW calculations from snapshots * / | L | P ()]

= ZArzé(r —-r),
- Theta at ALCF 3ol i | i e ;
 Cori at NERSC i35Ha6 e gggg?n vacancies using FPMD (Qbox extracted from FPMD trajectories Self-consistent determination of dielectric constant

PBE
_ , converged
PBE ( Local hybrid |y =, Output

Code optimization & parallelization paves the way to
an efficient utilization of the Aurora platform at ALCF

Ongoing and future work
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accurate dielectric constants of solids and band offsets of interfaces.




