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Outline

 Review TDDFT linear response
* Implementation within LAPW and exciting

* Elements of the Dyson equation

- Kohn-Sham response function
- Xc kernel
* Matrix elements
- g-dependent
- Momentum operator
e Parallelization



TDDFT linear response in one slide
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Spectroscopic quantities

 Macroscopic dielectric function
* Loss function

* Dynamical structure factor

* Optical conductivity

e Sumrules



Formalism revisited

TDDFT linear response: Dyson equation for response
function

on(l) = /d(Q) I (1,2) 006kt (2)

X = Xks + Xks(V + fee )X

| Fourier transform, periodicity |

Yea (q,w) = Yao (q,w)
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Kohn-Sham response function

Starting point for Dyson equation for full response
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| Fourier transform, periodicity, pick a gq-vector |
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Optics: Iimitg - O

* Properties of the head (00) and o (q) ~ ¢
wing (0,G), (G,0) components /
(see glsg Pick)et(al. PR)1970) P XgG (q). X%D(q) ~q

| eads to non-Hermitian
dielectric function (DF) eqa/(q.w) = dear — Yaor (4, w)ver (q)
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Optics: limitg - O

« SQRT of Coulomb potential @ ( JaT
U I} — O !
& (a) q+ G GG
z%(r, r') = ‘I.Ti_:;z*
« Symmetrize y&, and xc kernel:
e (q,w) = ié(Q);kGGf(qe f-u')"lf’g;f(Q)
e (4. w) = vg(a)\car(a w)vg (a)
* Dyson equation for va(q) = -t:(;%(q)t:g(q)z(_}%(q) =1
symmetrized quantities - 1 e 1
¢ () =ve*(d)fge (@)ve’ (q).



Controlling Xce:
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Summation in Yoo

Direct summation in real frequency interval — Lorentzian
broadening

Linear tetrahedron method — interpolation scheme, no
broadening

Analytic continuation: imaginary frequency interval, Wick
rotation to real axis + broadening, N-point Pade
approximants

Anti-resonant parts N, - N, (g, < €,)



Controlling Xce:

e @acont, <tetra> (analytic continuation,
tetrahedron method)

1[;:??11( (q* GI)

@aresdf (anti-resonant part)



xc kernel
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Xc kernel

* MBPT derived kernel, see next talk on
Bethe-Salpeter equation



wave function within APW-like
basis sets
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wave function n ... band index




Matrix elements (q) Interstitial
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Matrix elements (q) Muffin-Tin
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Controlling M(q)

Mpic(q + G) = (nk|e "0k + q)

Rayleigh expansion
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Limitg - O

k.p perturbation theory for KS Hamiltonian H(k+q)
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« Leads to matrix elements of momentum operator

* Carefully take limit g —» 0 in all equations



Matrix elements (p) Interstitial
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* Plane wave expansion in interstitial
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Matrix elements (p) Muffin-Tin
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Controlling M(p)
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Important parameters

(input/xs/)

e @ngridk K-point grid sizes

e @rgkmax |G+K|..Rmin Pasis set size for wavefunction
* @nempty #conduction states

« energywindow range of energies for spectrum

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

e tddft/@fxctype type of xc kernel



=x5 xstype="TDDFT"

ngridg="4 4 4"

ngridk="4 4 4" vkloff="0.605 0.15 0.25"
ggmax="3"

broad="0.08073499">

<tddft fxctype="ALDA" /=

<energywindow intv="6.8 1.8"
points="1200" /=

<gpointset>
<gpoint=0.0 0.9 6.8</gpoint>
</gpointset>

</xs>

data

templates

In practice:
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Parallelization

MPI parallelization

* \WWavefunctions — #k-points

* Matrix elements — #k-points

 Kohn-Sham response — #frequencies

* xc kernel, Dyson equation — #frequencies
Data parallelism throughout — no side effects



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




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

