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Introduction



GW approximation

/ G=GO+GOZG \
o

L. Hedin, Phys. Rev. 139, A796 (1965)
L. Hedin and B. I. Lundqvist, Solid State Phys. 23, 1 (1969)




G W, approximation

Kohn-Sham (KS) eigenvalues DFT exchange -correlation potential

,L,IE @"’ <’;[/nk (I‘)| s})\[ r, r'; E”k ‘(I’ —Tr ) | ’Jlnk (I' )>

KS eigenfunctions

M. Hybertsen and S. Louie, PRB 34, 5390 (1986)



G W, approximation

Non-interacting Green's function

wnk(r)’yb:k(r,)

w_gnk

Go(r, 1" w) = Z

nk

gnk = €k T ”7 Sgn(EF - Enk)



G W, approximation

Polarizability in the random phase approximation (RPA)

PO(ra I',; U-)) — Z f(Erfk) [1 _ f(Emk")] ’;bnk(r)’ybzlkf (r)’;b,:k(r’)’;bmk’(r’)

nk,mk’

| |
X — — .
W — €k + €k T m W+ €k — €k — [

f(€,x) — Fermi distribution function



G W, approximation

Dynamically screened Coulomb potential

Wo(r,r"; w) = fe‘l(rarl;w) v(ry,r’) dr,

Dielectric function
a(r,r’;w)=6(r,r’)—fv(r,rl)Po(rl,r’;w) dr

v(r,r’) = 1/[r — r’| - (bare) Coulomb potential



G W, approximation

Wy, r';w) = Wo(r.r'; w) —v(r, 1)

/ Exchange self-energy:
*r,r) = ZL f Go(r,r’; ' W', r)e "dw’
T

z - 7 Z ﬁzk'ybnk(r)v(r,: l‘)wf;k(r’)

nk

\

Correlation self-energy:

/ l ! / / ! 4
>(r,r’w) = ng[}(I',I' w4+ W)W, 1 0) dw



GW approximation
GOWO

Ef,l}lz = €k T <'.vynk (r) | Pat [Z (1‘, 1"; E,;IE)] -V (r)o (1’ _ 1”) | ’.vynk (rf)>

Think of self-consistency?
- Partial: G \W, GW,
- Full (e.g. QSGW):

1 / / -
[_5‘72 + Vet (1) + Vi (l‘)} k(1) + f 2 (vt Eyge) Wi (£)dr’ = Epye Wi (r)



Implementation



Program flowchart

Groundstate X;-l (I') G 0
LAPW basis functions / -—
Kohn-Sham i k q 1/3] ( )

eigenvalues/
eigenfunctions

\ /fqu

Tce T
nk




Product-basis representation

r.65) = 303 Fon (s G B ool

nk(0) Wi g (®) = > M, (K. q) x ()

Matrix form:

i(q,w) // P(r,r"; w)x§ (x")drdr’



LAPW basis

Yo Ak + Gy (r®, Ey) + ... ] Y (r®) 7 < RSy

L pillcrG)r rel

Prra(r) = {




Mixed basis

MT region

o Useonly Uy /(7") with (1 < M8

s Neglect (1)

o UoNL (") = ugi(r Y ugr(r®) - 1=V < L<I+T

» Form orthonormal basis + eliminate linearly dependent products

» Take in account the translational symmetry

Yanru(T) = —F= Z e'(retR) VaNL(T") YL (%)

F. Aryasetiawan and O. Gunnarsson, Phys. Rev. B 49, 16214 (1994)
T. Kotani and M. van Schilfgaarde, Solid State Comm. 121, 461 (2002)



Mixed basis

Interstitial region

@ Overlap matrix

1 —r
©GG" — f 91(1‘) e!((x—(r )T d3r
Q Jo

» Diagonalize

I
Z Oce'Sci =4; Sai
@ Build an orthonormal basis set:

Plr)= — Z Scie"*T VTG, (r) , where S, = S6i

‘/_ Y

!



Mixed basis

i) =yl . Pl

V

;m;(k (l) — L[X?(r) wmk—q(r)r lybnk(r)dgr




(D)

mKk

*

,ybﬂk(r) 'vb

Mixed basis

Completeness test: MT region
Si, k=(0,0,0),k-q=(0,0,1), n=5, m=4
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Mixed basis

Completeness test: Interstitial

Si’ k=(o’0’0)’k-q=(07011)’ n=5, m=4

. G, ,=0.6
G,_.=0.8
. G_=1.0
. G =1.2
— exact

i
u

N

GMB

max

— GGLAPW

max



G, W, equations in matrix form

Coulomb potential

vii(q // DG ()] v(r, )G (x") dredr’

Special treatment for the case q — 0

Exchange part of the self-energy

Yk = Z Z Vfa] Z (k q)] Mvg,m (k,q)



G, W, equations in matrix form

Polarizability
BZ\ occ funocc | |
P, ) } > Fom (K, o) M, (k, q) [M],,,(k,q)]"

/input/gw/@nempty

Generalized tetrahedron method (LIBBZINT library):
/input/gw/@ngridg + /input/gw/@vqloff



G, W, equations in matrix form

Dielectric function

€ij(q,w) = 055 — Z V@?(Q)Bm(qyw)’/fzj(@

lm

Correlation term of the screened Coulomb potential

We(a,w) =S w2 (@) [6, (@,w) — dm] v2,(q)

lm



G, W, equations in matrix form

Correlation part of the self-energy

Xnm(k,q;mzZ[Mzm(k,q)] W (q.w)M? (k. q)

. BZ occt+unocc k q. w,)
e dio’ nm i b
(< T o Z Z / W+ W — €Emk—q

/input/gw/freqgrid

Integral over imaginary frequency: @ = iu

¢ (i) = — ZZ f A kg i)

2
m L£ - + (E,r”k (l llt)

\,V Analytic continuation onto the real frequency axis

2 (Emk q i”)




G, W, quasi-particle energy

@Jrznk Lo+ RYE @—
L=

KS energies

)
Zuc= |1 = - REp ()

QP renormalization factor

T_l

N

Diagonal matrix
elements of the
exchange-correlation
potential



Usage



Input file
Groundstate

<groundstate

rgkmax="8.0"
ngridk="8 8 8"
gmaxvr="14"
xctype="LDA PW”

>
</groundstate> Quality of the starting
("zero order”)
potential,
eigenvalues,
eigenvectors



GW

<gw

Input file

taSkname="ng0"

<mixbasis

Imaxmb="3"

epsmb="1.0d-4"

gmb="1.0"
></mixbasis>
<barecoul ... ></barecoul>
<selfenergy ... ></selfenergy>
<freqgrid ... ></freqgrid>

</gw>

Type of calculations:
"pand" - QP band-
structure plot
"dos" - QP density of

states



GW

<gw

Input file

taskname="g0Ow0"”

<mixbasis
Imaxmb="3"
epsmb="1.0d-4"
gmb="1.0"

></mixbasis>

;Bérecoul ... ></barecoul>
;éélfenergy ... ></selfenergy>

;%;qurid ... ></freqgrid>

</gw>

Quality of
the product basis



GW

Input file

<gw
taskname="g0Ow0"”

<mixbasis
Tmaxmb="3"
epsmb="1.0d-4"
gmb="1.0"

></mixbasis>

<barecoul
égelfenergy
;¥rqurid

</qw>

Parameters for more
“advanced” usage

></barecoul>
></selfenergy>

></freqgrid>



Output

GW_INFO.OUT

= Main GW output file =

3K 5K 5k >k >k 5K 5K >k >k K 5k 5K >k >k 5k 5K >k >k 5Kk 5K K >k >k 5k 5k >k >k 5k 5k K >k 5Kk 5k K >k >k 5k 5K >k >k 5k 5k K >k >k 5k >k >k >k 5k 5k >k >k >k 5k >k %k >k 5k >k >k >k >k 5k %k %k >k 5k >k %k >k >k >k %k % >k >k %k %k %k

& GW input parameters &
3K 3K 3k 3K 3k 3K 3k 5k 3k 5k 3k 5k 3k 5K 3k 3K >k 3K 3K 3Kk 3K 3k 3K K 3K >k 5k >k 5k >k 5k >k 5k >k 5k K 3K >k 3K >k 3k 3K K 3K >k 5k >k 5k >k 5k 3k 5k >k 5k K 5K K 3K >k >k K >k 3K >k 5K >k 5k %k 5k %k 5k %k >k %k >k %k >k %k >k %k

GW taskname:

goOwl - GOWO run

Frequency integration parameters:

Number of frequencies: 16
Cutoff frequency: 1.00000000000000
Grid type:

gaule2 - Grid for double Gauss-Legendre quadrature,
from 0 to fregmax and from fregmax to infinity
Convolution method:
imfreq : weights calculated for imaginary frequecies

Correlation self-energy parameters:



EVALQP.DAT

k-point # 1:
state E KS
1 -0.24974
2 0.19048
3 0.19048
4 0.19048
5 0.28272
6 0.28272
7 0.28272
8 0.30752
9 0.47138
10 0.47467
k-point # 2:
state E KS
1 -0.16372
2 -0.06718
3 0.14633
4 0.14633
5 0.24226

0.000000
E_HF
-0.48679
0.09502
0.09502
0.09502
0.48340
0.48340
0.48340
0.54184
0.68975
0.69897

0.000000
E_HF
-0.36830
-0.21348
0.04672
0.04672
0.44139

0.000000

E GW
-0.46467
-0.00819
-0.00856
-0.00861
0.11444
0.11444
0.11493
0.14817
0.29754
0.31363

0.000000

E GW
-0.37099
-0.27030
-0.05214
-0.05241
0.07439

Output

0.000000

.69023
.59347
.59347
.59347
.23178
.23178
.23178
.32549
. 12737
.16335

0.500000

Sx

-0
-0
-0
-0
-0

.68347
.58829
.58597
.58597
.26439

Sc

0.125000
Vxc
.21961 -0.45318
.09863 -0.49801
.09817 -0.49801
.09811 -0.49801
. 15909 -0.43246
.15912 -0.43246
. 15857 -0.43246
. 18035 -0.55982
.18501 -0.34573
.17396 -0.38765
0.500000
Vxc
.19693 -0.47889
.14380 -0.44199
.10306 -0.48636
.10271 -0.48636
.15708 -0.46352

DE_HF
-0.23704
-0.09546
-0.09546
-0.09546
0.20068
0.20068
0.20068
0.23433
0.21836
0.22430

DE_HF
-0.20458
-0.14630
-0.09961
-0.09961

0.19912

DE_GW

.21493
. 19867
.19904
.19909
. 16828
. 16828
.16779
.15934
.17385
.16104

DE_GW

. 20727
.20312
. 19847
. 19875
.16788

[cNoNoNoNoNoNoNoNoNo)

[cNoNoNONO]

Znk

. 78986
. 78709
. 78439
. 78417
. 79071
. 79120
. 79254
17472
.81888
. 79701

Znk

. 79924
. 78162
. 77887
. 17972
. 79173



Convergence control

Product basis

/input/gw/mixbasis/@Llmaxmb /input/gw/mixbasis/@gmb

nempty="17", ngridk="2 2 2"

083 gmb="1.0" 083  Lmaxmb="2"
0.80 0.80
E 0.78 E 0.78 —a—— 5
X Pl
0.75 0.75
T T
~ (.73 - 2 0.73
Tl L°0.
0.70 0.70
0.68 0.68
0.65 1 2 3 4 5 06535 0.8 1 1.2 1.4

lmaxmb gmb



Convergence control

k/ q -point ngdS /input/groundstate/@ngridk

lmaxmb="3", gmb="1.0", nempty="17"

1.15
1.10

1.05

1/3



Convergence control

Number of unoccupied states: /input/groundstate/@nempty

E o [0V
0 52 92 132
| l |
1.15
1.10
1.05
2 1.00
X
0.95
T
~ ©0.90
1
0-85 ‘_. ngridk="2 2 2"
mam ngridk="4 4 4"
0.80 ngridk="6 6 6"
0.75
0 25 50 75 100 125 150

Number of empty states



BSEQGW

<gw
taskname="skip”
</qw>

<XS>
Xstype="BSE"
ngridk="4 4 4"
ngridg="4 4 4"
nempty="100"

<BSE
bsetype="singlet"
nstlbse="1 51 4"
nstlbsemat="1 5 1 4"
/>

</XSs>

Signal to use QP
spectrum in XS
calculations



How exciting”?

Home

Documentation
Tutorials

Input Reference
Template Market

Downloads

exciting
Other Packages

How to reach us

Contact
Forum

Development

Developers Space
Manage Wiki
Internal

edit this panel | recent changes

B2 DmitriiNabok | My account | v |

\ | Search

Electronic Bandstructure From GW

by Dmitrii Nabok for exciting carbon

Purpose: In this tutorial you will learn how to perform a basic GgWy calculation. As an example, the electronic
bandstructure of bulk Si is calculated. Notice that self-consistent GW is not yet implemented in exciting.

Fold
Table of Contents

0. Define relevant environment variables
1. Theoretical background: GOWO approximation.
2. Ground-state calculation + GW "single-shot" run
3. Quasiparticle band structure

i) Bandstructure plot

i) Density of states

Converging results

Exercise
Literature

0. Define relevant environment variables
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