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From L to H »
= L(q, ) = |L;'(q) — E(q)]

D 0
= L,(q, w) = [( éq) D(q)) ' ((I) _OI)]

—1
Y i o) = Wy a(myr (1)

= 1(q, ) = — |H(qQ) — wA
A(q) ﬂﬁi))

H(q) =




The Bethe-Salpeter Hamiltonian
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Interaction Kernels

M(G,q) = (ik| e~ ® 94 j(k + q)) 4 5
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C. Vorwerk, B. Aurich, C. Cocchi, C. Draxl, Electronic Structure, (2019)



Screening
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C. Vorwerk, B. Aurich, C. Cocchi, C. Draxl, Electronic Structure, (2019)



POSt PrOCGSSing : Macroscopic Qielectric funct:ion
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C. Vorwerk, B. Aurich, C. Cocchi, C. Draxl, Electronic Structure, (2019)



Workflow In exciting

C. Vorwerk, B. Aurich, C. Cocchi, C. Draxl, Electronic Structure, (2019)
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xS
'xstype-"BSE"
ingridk="3 3 3" |
'vkloff="0.097 0.273 0. 493"\
}ngr1dq "3 3 3" |
' nempty="30"
lgqmax-"z 5"
pbroad—"@ 0O7"
lscissor="0.20947"
’tapp1nfo-"true"
(tevput-”tryef? e y
* Settings for @ “ﬁ’/<e:ne)rgyw1'ndow
intv=0,0 Lo '
: . 01nts—"120@"/>
e Settings for the screening LA —
f<screen1ng
| screentype="full"

. <nempty-"100"/> | ¢ |

input.xml

* (General settings

e Settings for the BSE

» Momentum transfer * g;i‘{gggziifgg}e;: />

.qu01ntset> ﬁ
| <gpoint>0.0 0.0 0.0</gpoint>|
\</qpo1ntset> |




Parameters y_p oy pw

@gmpty v|3@||

| ~p gOmax= " 2 5 m——
G =1, . nempty Or0ads ©. 60 e

tapp1nfd—"frue~—f

DO.O'”Z (6'_ 60‘500’5“+A tevout="true">

<energywindow
IG+q| intv="0.0 1.0"
e points="1200"/>

Vomaam = D, MiglG-0Vo(GM(G.0)
G

<screening
screentypejﬂfull"

|G+ql,,,
_ sk T / X
Woko'aw = GZGf,/ M gl G IEIR) (G) Wigag(G. G )M G. KISSTR)

<gpointset>
<gpoint>0.0 0.0 0.0</gpoint>

f( ) j%e 1°* </gpointset>
Z ’q ® | MG, | MylG @
ik Gj"q - eiD ) ) o

—P»1,7=1,...,nempty

eég,‘(q, ®=0)=0cq —




Parameters

/rb [ must be always first!!!
—1
L@® =- [H@® -0A

151 1F 1
:E: A, ﬂ, Al

'—_lzl'F'hg = '—_lz%'k'ﬂ§

intv

Macroscopic dielectric function

W”f points

Im €pm
© = N W & U1 O N ©
— 1T r T T

5 10 15 20
Energy [eV]

o

input.xml

<XS
Xstype="BSE"
ngridk="3 3 3"
vkloff="0.097 0.273 0.493"
ngridq="3 3 3"
nempty="30"
ggmax="2.5"
(broad="0. @07")
SC1550r="0. 2¢
tappinfo="true"

tevout="true">

<energywindow
intv="0.0 1.0"
points="1200"/>

<screening
screentype="full"
nempty="100"/>

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

[ <qpointset>
J <gpoint>0.0 0.0 0.0</gpoint>]

</gpointset>

</xXs>
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Features

» TDA and non TDA = B(q) # 0 \0\5\%\

o

o D1 & P
e X-ray excitations — XAS, XES, XANES, EELS h\v\.\q

o

e
s

rd

- . 4 '\ \@4 -
e Exciton analvsis tools L ,,

v BSE:

e Finite momentum transfer = q # 0

[b] Excited states from BSE
[a] Exciton analysis and visualization
w - [a] X-ray absorption spectra using BSE
* Additive screening ra)
[a] g-dependent BSE calculations
“\ [a] Additive screening for interface systems
e ®

e Fast solver — @(Nkngk"'Nez)V;@ "

X-ray emission spectra

* Detailed tutorials for everything
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Scaling problem

2

IJBSE | AA  — pAal
H /. ./ /A / E AOMk
o'u’k’

oukK,0u'k” “o'u’k"

Setting the Hamiltonian up:
NN N ONGNaN)
k
o | Diagonalizing the Hamiltonian:
ON;NN)




Scaling problem

Wauk,o’u’k’ —




ISDF

N,
Zn 1) = @) ~ Y & (0w, (r,)
u=1

(lka.]k,) f.,u
\ \
(ik, jK')
\ .y
N N | east squares
g | T Z ~ @ X C "r/"] “ approximation:
2
N NN ® = ZC*(CC*)™!
EE— —



F. Henneke , L. Lin, C. Vorwerk, C. Draxl, R. Klein, C. Yang Commun. Appl. Math. Comp. Sci. 15, 89 (2020)

Compressed Interaction Kernels
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Laneczos ﬂfm*
c&u&gov\aimaﬁmm = H.X = OWN,logN,+ N 2)
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iﬂpUt o xml <BSE
bsetype="singlet"”

solver: direct or fastBSE nstlbse="1 4 1 20"
solver="fastBSE" />

U ()it k(l’) ~ Z C (r)usz k(.

<fastBSE
NY rsampllng—“2® 20 2@"
; df="80 200)[200}')
Voukowk &~ ) wh (B )u(E, W u*® (F)u () nisdr= oY 299
ouk,ou'k N2 /“/ ok UV 'k o’ K\* v lanczoaX1"2@' -
Wik ok & Z Z 5 (B )10, 10 (F ) Wiy 05, (B 1t ()

Maximum Lanczos iterations



Thank you!

C. Vorwerk, B. Aurich, C. Cocchi, C. Draxl, Electronic Structure, (20719)

F. Henneke , L. Lin, C. Vorwerk, C. Draxl, R. Klein, C. Yang Commun. Appl. Math. Comp. Sci. 15, 89 (2020)



