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Absorption Spectra in solids

Semiconductors (Silicon)
S | ' | ' | '

EXxp.
50 == TDDFT - LDA
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Absorption Spectra in solids

Insulators (Argon)

15 exp

—— TDDFT - LDA a
—— BSE

10

Im {e,,}

w(eV)

V.Olevano et al., unpublished.
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Absorption spectrum

Absorption (w) = S{ey(w)}

en(w) = Jmy [1 — Vg = 0@, _/ _ ol w)]

L = BSE

S = polarizability = { v = TDDFT



Same spectra in TDDFT and BSE

BSE TDDFT
e W) =&y (W)



1 = §(12)6(34)0(13)
W= 5(13)6(24)W (12)
e = 5(12)0(34) fre(13)



Transition framework

AL — [ d(1231)00, ()67, (DA, 2,3, 905, (3)6n, (9

BSE «» 4], — 4p0 1 4p0 (% _ 4W) 57

TDDFT < y= 0 4y (77"‘f:vc) X



Transition framework
A1) / A(1234)pn, (1) 5, (2)A(L, 2,3, 4)%, (3) b, (4)

BSE < [AE +<v>—<W>} Ay = E)\A)

TDDFT « [Ae—l—<v>—|—<f:1:c>} Ay = ErA,



Transition framework
A1) / A(1234)pn, (1) 5, (2)A(L, 2,3, 4)%, (3) b, (4)

BSE < [AE +<v>—<W>} Ay = E)\A)

TDDFT « [Ae—l—<v>—|—<f:1:c>} Ay = ErA,

< fre>=—< W >+ (AFE — A¢)
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How can we use < f;. > in a 2-point equation 77

—1
X = (1 — x5 — Xof:cc) X' =

— .
= ] (XO — oy’ - zcofxcx(,)) X"
T

O(n1ng, r) = Ony (r) 7, (1)
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CI) o o* d /
/d(34) Z nan? ) <n1n27 I'l) fgjc<r1; I'Q, UJ) (n3n47 I'2> (713’]’2,47.1' )
ning <€n2 6711) + “7 W — <€n4 — €n3> +n

n3ny



How can we use < f;. > in a 2-point equation 77

—1
X = (1 — x5 — Xof:cc) X' =

— .
= ] (XO — oy’ - zcofxcx(,)) X"
T

O(n1ng, r) = Ony (r) 7, (1)

/ 1 3 W fa:c( )XO(ZL,Z,W) —

O*(ning, r)P(ning, r O*(nsng, ro)P(nsng, r’
/d(34)z 112 ) (n1ng 1)fxc(r1,r2,w) w( 314, To)D(ngny, r')

nin9 <€n2 6711) + “7 — <€n4 — €n3> -+ Z77
n3ny
o (ning, r O(nsng, r’
— < L ) — < f:z:c > ( ’ ) .
nin9 W = (6712 N 6”1) + L) W — <€n4 - €n3> + (a4



o < fre>=—<W>+4+(AF — Ae¢)



< fre >=— < W >+ (AE — Ac¢)

X=X (X —X%XO—T1—T2)

* /
Z d (nln%G)q)(nlanaG) [AE . AG]
(w — Ae+in)

O* G d(nany,c’
3 (72”2’,)<W> (24 )
L €+ 1M W — A€+ 17
n3ny

QP shift

excitonic effect



it X" ({en;}) — x&w{ Eni})

<foe>=—<W> = T=T7

BSE _
(nin)(ngng) — — S W=
TDDEFT

) =< fgjc >

(n1n2)(n3gny



When the assumption FPPFT = — FBSE cannot be fulfilled

(nyny)(ngny) (n;ny)(ngny)

BSEreSO /gbv gbv Wch( )qu( ) FTDDFTreSO /¢v ¢c fxc¢v< )ch( )

BSE Coup /be Qb(* W¢(’< >¢1J( ) FTDDFT Vo= /¢7} gb(’ fT(*¢U< )¢(‘( )



When the assumption FPPFT = — FBSE cannot be fulfilled

(nyny)(ngny) (n;ny)(ngny)

BSEYGS" /va )0 (W pe(2) e (2) F(fjlzl))(FvTc)reSO /¢ (1)@c(1) frcdu(2)Pe(2)

BSEcoup /¢v gbc quc( )¢v< ) FTDDFTCOUP /¢?} gb(’ fTP¢1)< )¢(‘( )



When the assumption FPPFT = — FBSE cannot be fulfilled

(nyny)(ngny) (n;ny)(ngny)

BSEYGSO /va )0 (W pe(2) e (2) F(TUIZ]))(FUTC;QSO /¢ (1)@c(1) frcdu(2)Pe(2)

BSEcoup /¢v gbc quc( )¢v< ) FTDDFTCOUP /¢?} gb(’ fT(‘¢U< )¢(‘( )

TDDFT

(n1n2) (n3n4)

parameters



Silicon 2k
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Silicon 2k
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Silicon 2k
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e DFT+T1 |
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Problem of T}

e Convergence of T} ~ 300G

e Convergence of the spectrum < 100G

(T1)k i = (AEL — Aeg)
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Problem of T}

e Convergence of T} ~ 300G

e Convergence of the spectrum < 100G

(T1)k i = (AEL — Aeg)

(T1)g gyak =0 VAE#0

since
e /1 worsens (if not prevents) the convergence of the spectrum

e 7' does not avoid the calculation of the E%P

the quasiparticle corrections will be included in the "



The (useless?) kernel f;.

1) FTDDFT BoE

(n15)(n30) (n15)(n30,)

_ _ ¢ BSE_ & _ 9P OP
2) Tow) = w—AeF w—Ae w—Aefwa JAN:
3) el = (\O)~1 7, (x9)~! should be static ?
N\
x= (1= X" = x"f5e) ™



kernels

N; = 288

spectra
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kernels

N; = 288

spectra
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kernels N; = 288 spectra
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kernels N; = 288 spectra
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kernels N; = 288 spectra
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The (useless?) kernel f;.

1) FTDDFT BoE

(n15)(n30) (n15)(n30,)

\/ TQ(W)Z (DAGFBSEQJ—(DAG

w_

3) fie = ()T R (X))

fre 1s dynamic unless the three conditions above are fulfilled

but it is never calculated nor used in real calculations



Link with other works

d d !

_ 0~ 0 0
= = — <W >

X=X (X X VX e fe) X

o fS ~ & Reining et al, PRL (2002)
o reff ~ 29 Dl Sole et al, PRB (2003)

e EXX, W — 0, Kim and Gorling, PRL (2002)
/ \

no parameters 1 parameter

e Del Sole et al. (2003), Adragna'’s thesis (2002)



Realistic applications



Solid Silicon - 256k
N; = 2304 Ng = 307

u ” u ” u ”

Sottile, Olevano and Reining, PRL (2003)



Solid Silicon Carbide - 256k
N, = 2304 Ng = 387

Sottile, Olevano and Reining, PRL (2003)



Solid Argon - 2048k
N; = 6144 Ng =307
' | ' | ' | '

EXp.
- BSE .
~ TDLDA
- T2

i GW-RPA

15

10— —

F. Sottile, PhD thesis.



Conclusions

TDDFT < BSE
FTDDFT _ FBSE

(n;ny)(ngny) (n;ny)(ngny)

° T(w) —

— 1" dynamic

— frc NOt necessary

— problems : T7 (TQd) . /U

e it works for semiconductors (continuum exciton)

e it works for insulators (bound exciton)



What to do

e Quasiparticle corrections

P "/‘/’((n3n4)

nn,)

ab 1mitio

e towards complex (biological) systems { odels



Contact exciton model

I I I I I I
15 exp
— GW-RPA
e A=52
L m— =—10
10
5 —
O11 12 13 14

Sottile, Karlsson, Reining and Aryasetiawan, (2003) to be published

15



Contact exciton model

A
Wi(a,c") = 55(})(},

Y =L holds

fxc—_; (GG)



