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Independent particle polarisability
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@ Marinopoulos et al. Phys. Rev. Lett. 89, 076402 (2002) .
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Absorption Spectrum of Silicon
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Polarisability within TDDFT

X=X +x°
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Absorption Spectrum of Silicon
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Absorption Spectrum of Solid Argon
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Alternative approach for X or £

Green's functions approach

£(1,2) = i/d(34)W(1,3)G(1,4)F(4,2,3)

W(1,2) = V(1,2) + / d(45)V (1,4)P(4,5)W (5,2)
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x(1,2) Polarizability (2-point)

801, 2)

4-point Polarizability

Vet (3, 4)

L(1,1,3,3) — x(1,3)



L=Ly+ Lo(v+Z)L BSE



L = L() —|—LO(U—|—E)L BSE

X = X0 + X0 (Vv + fzc) X TDDFT



L(1,2,3,4) = Lo(1,2,3,4)+ / (5678)Lo(1,2,5,6) [v(5,7)8(5,6)5(7,8) + =(5,6,7,8)] L(7,8,3,4)

GW approximation

WV
second order in W

L(1,2,3,4) = Lo(1,2,3, 4)+/ d(5678)Lo(1,2,5,6) [v(5,7)8(5,6)5(7,8) — W(5,6)8(5,7)8(6,8)] L(7,8,3,4)



L(1,2,3,4) = Lo(1,2,3, 4)+/ d(5678)Lo(1,2,5,6) [v(5,7)5(5,6)5(7,8) — W(5,6)8(5,7)8(6,8)] L(7,8,3,4)

static (W) approximation
W(1,2) ~ W(ry, ra,w = 0)6(t — t2),

L(r17 s, I's, r4,w) — LO(r17 Iz, Is, I‘4,C&J)‘|—
+ /dr5dr6dr7d1‘8Lo(I‘1, ro,rs,Te,w)|v(rs — r7)d(rs — re)d(r7 — rg)+

— W(I‘5, I'6)(S(I'5 — I‘7)(5(I‘7 — I'g)]L(I'7, rs, s, r4,w)

L(1,2,3,4w) = Lo(1,2,3,4;w)+Lo(1,2,5,6;w) [v(5,7)5(5,6)5(7,8) — W(5,6)4(5,7)6(6,8)] L(7,8,3,4; w)



o GW approximation

o static (W) approximation

o independent propagation [,

Lo = —iGSWGSY = xSV (ry,ra, 13,14, w0) = izj(fifj)wi (j:s()zfz_(r:z)ﬁ@g;);ﬁ(j;)



and now ??

L(1,2,3,4;w) = Lo(1,2,3,4;w)+Lo(1,2,5,6;w) [v(5,7)5(5,6)5(7,8) — W(5,6)4(5,7)6(6,8)] L(7,8,3,4; w)

really invert 4-point function
for each frequency 22



orbital basis
let's define a basis Yy (1), (r2) o .
transition basis



transition space L ="n1 — N2
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Tamm-Dancott approx



Tamm-Dancott approx
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Optical absorption of Silicon
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Absorption (arbitrary units)
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Bethe-Salpeter Equation - finite momentum transter

=2 > A3 (eletaT )|
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5] Fugallo et al. Phys. Rev. B 92, 165122 (2015)



Extinction coefficient
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Excitonic wavefunction of LiF
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® how much?

/

5] Gatti and Sottile, Phys. Rev. B 98, 155113 (2013)
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Workflow for a BSE calculation
(for your hackathon)

DFT-KS calculation ~ 1.(7)  (approx ::
DFT-KS calculation %, €;  (approx ::
Screening calculation W (w)  (approx
GW calculation Yy (w) (approx

BSE calculation for ¥ and spectra  (approx

pS
Uzc, Vtéon )

vpe

10N

Ve s k-sampling, empty bands)
.. fa:c )

:: W-integration)

:: tamm-dancoft, diago/iterative)

Absorption spectrum Inelastic X-ray Scattering refraction index ~Surface differential reflectivity
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BSE in a code (like EXC, Yambo or Exciting)

Z (ck\e_iq'r\vk — q> Ak
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A A
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nk) = ¥pk(r)  from DFT-KS calculations

Hewe AYk = pgoe A3k eigenvalues(vectors) of the EXC Hamiltonian



ink) = ¥pk(r)  from DFT-KS calculations

Hechg‘ck — iwcAg‘ck eigenvalues(vectors) of the EXC Hamiltonian

GW GW N !/ 7
H ¢ = (EC Ac — €y — A'v )51)1)’500’ U:gcc o Wgcc

ot

GW corrections (or scissor operator)

W = / drdr' 7 (£)pe (0 W (1, 2/ (1) o (1)
W(r,r'") = /df‘ e~ (r,F) v(F, 1)

screening (dielectric function)



from BSE in EXC and Exciting
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@ Urquiza et al. Phys. Rev. B 109, 115157 (2024)
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@ Vorwerk et al. Phys. Rev. Research 2, 042003(R) (2020)



input tile for EXC code

exclton do a BSE calculation
tammdancoff use the approx

nbands 20 use 20 bands 1in total
matsh 10 use 10 shells of G's 1In W

wfncut 12.5
omegae 10.0

domega 0.1
broad 0.05

use a cutoff energy (1nHa) for wfns

spectrum up to 10 eV

with step of 0.1 eV

eta 1s the Lorentzian broadening
(1in eV)

this 1s a finite momentum transfer
(1n rl units)

g 0.125 0.0 0.250

H= = H FH S



