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BSE

* e-h eigenvalue problem (effective electron-hole
Hamiltonian)
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* macroscopic dielectric function including excitonic effects
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The BSE Hamiltonian

 Three parts
Heff _ Hdiag + H:{ 4+ Hdir

* Repulsive exchange interaction
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o Attractive direct interaction
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« Diagonal part
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The BSE Hamiltonian

H(+) resonant part

H(—) anti-resonant part

H(#), H(#') coupling parts (beyond Tamm-Dancoff
approximation, not yet implemented)
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The BSE Hamiltonian

Effective e-h Hamiltonian

Heﬁ _ Hdiag 4+ X 4 Hdir
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« direct part <vc| §-w |v'c'>
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Common ingredients

* Exchange and direct part of BSE Hamiltonian
can be written in terms of:
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wave function within APW-like
basis sets

(r) = Z T
G

Plane waves for
interstitial region,
slow changes in

wave function n ... band index




Controlling the Hamiltonian
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(c counts from Fermi level)



Screening

* Make use of TDDFT response at w=0

cce(q,w) = dea — Xae (4, w)ve (Q)
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« Statically screened Coulomb interaction

Wea (4) = feer (@)ver(q)



Screened interaction at
Gamma-point

« Subcell average Waa(d) = — f &’ pWea (p)
on spherical Lebedev-Laikov Va
grids (Freysoldt, CPC 2007)
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 Approximation for head /d3 = —T/ Qs

Effective subcell radius: s



Controlling the screening
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BSE for core-levels

Trick: Treat core states as local orbitals valence
states. More information:

e Claudia's talk (tomorrow)
* Weine's tutorial (tomorrow)



TDDFT with a xc-kernel derived from BSE



MBPT xc kernel

« TDDFT kernel derived from BSE (Nanoquanta groups),
excitonic part, approximation to 1% order in W:
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MBPT xc kernel

 Reformulation of TDDFT Dyson equation (Sottile, PRL 2003)
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« Reformulation of xc kernel part
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Important parameters

(input/xs/)

 @ngridk, @ngridqg k/g-point grid sizes
e @rgkmax |G+k| . R. . basis set size for wavefunction

e screening/@nempty #unocc. states for screening

« @ggmax |G+q|,,, local field effects size

« energywindow range of energies for spectrum

e bse/@nstlbse ranges for occupied and unocc. states in
BSE Hamiltonian

 bse/@bsetype type of BSE Hamiltonian (RPA, singlet, triplet)



<xs xstype="BSE"

ngridg="4 4 4"

ngridk="4 4 4" vkloff="0.05 0.15 0.25
ggmax="3"=

<energywindow intv="0.0 1.6"
points="1200" /=

<screening screentype="full"
nempty="115" /=

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

<gpoint=0.0 0.0 @.0</gpoint=
</qpointset=>

</X5>

data

templates

In practice:
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Parallelization

MPI parallelization

* \WWavefunctions: — #k-points

* Matrix elements — #k-points

e screening — #qg-points

* Exchange interaction — #k-points

* Direct interaction — #(kk')-pairs

e Diagonalization — not yet

Data parallelism throughout — no side effects



Now grab your coffee and we meet at the
excercises...
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