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Abstract

The GOWO approach is an accurate method to give a physical meaning to the
eigenvalues obtained in adensity-functional theory (DFT) calculation.However,
the calculation of such corrections with plane wave codes is currently prohibitive
for systems with more than a few hundreds of electrons. What limits calculations
to this system size is the need in current implementations to invert the dielectric
matrix and the need to carry out summations over conduction bands. This talk
presents a strategy to avoid both of these bottlenecks. In traditional plane wave
implementations of GOWO, the dielectric matrix is expressed in a plane wave
basis, which needs to be relatively big to properly describe the matrix. Here, we
will explain how a Lanczos basis can be generated to substantially reduce the size
of the matrix. Also, the number of conduction bands needed to reach convergence
in the summations is usually an order of magnitude larger than the number of
valence bands. Here, the calculation of t...
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Why GoWo computationally expensive?

2=I1GW
i Nc : number of conduction states
W=e¢ev wo~N,
_ N e
e=1—vP G =
n=1 W — gn
P=—-1GG

e Nc ~ 10 Ny to 100 N, for g; at £0.05 eV

e inversion of € = N3 operation (N = basis size)
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Why GoWo computationally expensive?

Nc¢ : number of conduction states

* Nc ~ 10 Ny to 100 Ny for € at £0.05 eV
e inversion of € = N3 operation (N = basis size)
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The case of antracene

QQQ N, = 33

® Nc ~ 300 tO 3000 and Nbasis ~ 200 OOO
= 1 to 10 Gb of RAM usage to store {
= 100’s hours of CPU time to obtain {

e ¢ matrix ~ 7000 x 7000 planewaves
= 1 Gb of RAM usage to store ¢
= 10’s hours of CPU time to €
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Why GoWo computationally expensive?

3) T =iGW

Nc : number of conduction states
2) W =& G=n><n|

=]1—-vP
€ V — a)_gn

1) P=—iGO
e Nc ~ 10 Ny to 100 N, for ¢ at £0.05 eV

e inversion of € = N3 operation (N = basis size)
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Sternheimer equation

|
+ rly)= S| Te)——! Lol )

T w—(g,—¢€) w+(E.—E) y

e \We define :

67)=3 Ny -—L 7

~W—(E.—€)) w—-H+E€, W
R=1-7,

V>‘l//> Sternheimer equation

6, )=-F.
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Sternheimer equation

|
+ rly)= S| Fe)——! Lol )

NG, w—(E.—€) W+(E.—E)) y
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Sternheimer equation

( 1 1 A

o P p—

V) zv"‘ \%‘C>w—(sc—8v) w+(8c—sv)<c‘<v‘/‘w>
* We define :

: Plv)w)
a) (€ — a)—H+£v C\A
P=1-P

(H — &, —a)) qbv_> = — >‘l//> Sternheimer equation
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Sternheimer equation

|
+ rly)= S| Fe)——! Lol )

NG, w—(E.—€) W+(E.—E)) y

e \We define :

>2£) v)=——P

6, )=-F.

(H-¢,-)
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Sternheimer equation

|
+ rly)= S| Fe)——! Lol )

NG, w—(E.—€) W+(E.—E)) y

e \We define :

12y e> w@+e

6;)=—P

7>_1 P

(H — &, — a)) V>‘l//> Sternheimer equation
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Sternheimer equation

\

+ Flu)=3)| 2\ —

a) (8 —-£) w+(e —¢€) y

e \We define :

0.)= 2> 8) ) = w@‘gv@f\w

> P=1-P
0.)=-"

C 1%

(H-¢,-)

V>‘l//> Sternheimer equation
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Sternheimer equation

\

+ ply)= 3| e Lol )

NG, w—(E.—€) W+(E.—E)) y

e \We define :

Jvlv)

R=1-7
736. V>‘l//> Sternheimer equation
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Sternheimer equation

\

+ ply)= 3| e Lol )

NG, w—(E.—€) W+(E.—E)) y

e \We define :

X —)  Solving A‘ > ‘ >
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Lanczos algorithm

o ¢ |y)=A-vP)"|y)=> (vP)|y)

k=0

e Lanczos algorithm...

- builds a basis spanning the same subspace as {(vP)k\t//>}
- where (vP) is tridiagonal
- at the same cost as using the power serie expansion

oo o0
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Lanczos algorithm

Calculation of screened exchange for HOMO of silane

Lonvergence : Lanczos basis vs power serie expansion
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Sternheimer’s equation

e Same idea as for P:

X — Solving A‘ x> = ‘ b>

* But requires {|q, )}

o)=Ly

gk> = —1‘ qki> Sternheimer equation
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Sternheimer’s equation

e Same idea as for P:

X — Solving A‘ x> = ‘ b>

* But requires {|¢,)}

)= D)

(H — €& — a)’) gk> = —1‘ qki> Sternheimer equation
<i ; i>:2L dw'Z(l_T):k' <(qu’)i‘gk>
Y/ kK
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Sternheimer’s equation

e Same idea as for P:

X — Solving A‘ x> = ‘ b>

* But requires {|q, )}

( — &, — a)’) > = —1‘ q, > Sternheimer equation
(i[2e)li)= - [ dor 3,(1-T) (g0 )il g,)
oo k .k
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Sternheimer’s equation

e Same idea as for P:

X — Solving A‘ x> = ‘ b>

* But requires {|q, )}

)= D)

( —€ -0 ) gk = —@qki Sternheimer equation

(1| Z(e))l7
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Conclusion

e Bottleneck assessed :
- no knowledge of conduction states required
- no inversion of € in cumbersome basis

* Implementation under way

Thank you!
Université f”'l
Fonds de recherche de Montré al

w e aﬁgi;sec y. Photovoltaic®

Calcul Québec Innovation Network

o compute «calcul m CRSNG
“id  RQMP

March Meeting 2012, T7.00010




