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Overall comparison

MBPT

MBPT: based on Green's functions.
One-particle G: electron addition and removal.
Two-particle Gy: for example, electron-hole excitation (optics etc)
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Overall
Overall comparison

MBPT

MBPT: based on Green's functions.
One-particle G: electron addition and removal.
Two-particle Gy: for example, electron-hole excitation (optics etc)

TDDFT

TDDFT: only neutral excitations (optics etc)
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Overall Priorities

Overall comparison

MBPT: based on the idea of moving (quasi-)particles around.
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Overall Priorities L es he gap problem

Overall comparison

Equilibrium position: minimization of E

Ground state: DFT min[E]

O

Density propagation

o Trajectory: extrema of the action A

Evolution of the system (its density) due to
external field: TD-DFT [A]

Runge and Gross 1984
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Priorities

Strong points

MBPT

MBPT is intuitive - and leads to intuitive (reliable!) approximations
One-particle G: electron addition and removal - GW
Two-particle G,: for example, electron-hole excitation (optics etc) - BSE

Absorption Spectrum of Solid Argon
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Priorities

Strong points

TDDFT

MBPT deals with variations of the (local!) density - it is efficient!

5 - - ‘ -

o (eV)
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Two-particles

Two Particles
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Two-particles

Bethe-Salpeter Equation

We work in transition space...

L(1234,w) = L{™™) (W)

(nn2)
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Two-particles

Bethe-Salpeter Equation

We work in transition space...

L(1234,w) = L™ () =

(nim2)

- / d(1234)L(1234, w)n, (1), (2)dns (3) 97, (4)
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Two-particles

Bethe-Salpeter Equation

We work in transition space...

L(1234,w) = L™ () =

(nim2)

- / d(1234)L(1234, w)n, (1), (2)dns (3) 97, (4)

... and go back in real space.

L) () = [(1234,w) = L(1133,w)

(n1n2)
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Two-particles

Bethe-Salpeter Equation

We work in transition space...

L(1234,w) = L™ () =

(nim2)

- / d(1234)L(1234, w)n, (1), (2)dns (3) 97, (4)

... and go back in real space.

L) () = [(1234,w) = L(1133,w)

(n1n2)

Prs(r)
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Two-particles

Bethe-Salpeter Equation

Polarizability in BSE (only resonant approximation)

Z Sue ALy (092103 (r ) ()AL
w— EFc+in

erw

¥ Onida, Reining, Rubio, RMP 74, 601 (2002)
http://theory.polytechnique.fr/people/sottile/Tesi_dot.pdf
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Two-particles
Bethe-Salpeter Equation

E\, A, solution of the BSE in transition space

MBPT versus TDDFT Lucia Reining



Two-particles
Bethe-Salpeter Equation

E\, A, solution of the BSE in transition space
2p,exc (V") exc alve)
H(vc)(v’c’)A)\ - A A

Only resonant approximation
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Two-particles

Bethe-Salpeter Equation

Excitonic (2p) Hamiltonian
HES ey = [ U@ L) v = W] 6,(3)52(4)

H(e\)/(g)(v’c’) = (Ec - Ev) 6vv’5cc/ + V\Yr;c, — W\YC,C/
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Two-particles

Bethe-Salpeter Equation versus TDDFT

L=1°+ (v — W)L

TDDFT screening equation

X =X+ xX°(v + fio)x
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Two-particles

TDDFT

Work in transition space ?

LTDDFT(12347W) n3n4)( )

(nim)
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Two-particles

TDDFT

Work in transition space ?

LTPOFT (1234, w) = L7 (w) =

(nim)

— [ d123)L77T (1238,0)00,(1)65, 2)6m(3)65,(4)
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TDDFT

Work in transition space ?

LTDDFT(12347 ):>L"3"4)( ) =

(nim)

— [ d123)L77T (1238,0)00,(1)65, 2)6m(3)65,(4)

... and go back in real space.

L[POFT(msma) () = [ (1234, w) = LTPPFT (1133, w)

(n1n2)
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TDDFT

Work in transition space ?

LTDDFT(12347 ):>L"3"4)( ) =

(nim)

— [ d123)L77T (1238,0)00,(1)65, 2)6m(3)65,(4)

... and go back in real space.

L[POFT(msma) () = [ (1234, w) = LTPPFT (1133, w)

(n1n2)

Prs(r)
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TDDFT

Polarizability in TDDFT (only resonant approximation)

LTODFT (¢ o) = 3 2 ALY, (r)B2(r) 85 (¢ pe (V) AT

/\ w—Eyx+in
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Two-particles

Ey, A solution of TDDFT in transition space
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TDDFT

Ey, A solution of TDDFT in transition space

HEORRT AV = B ALY

Only resonant approximation, similar for full
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Two-particles

TDDFT (2p) Hamiltonian

HTZRET = [ ()2 [0+ v+ £l dw(3)e(4)

HT?)?\,/:—IC—) = <Ez.f<5 - E\f<5> O Ocer + VV < + fXCV <
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Two-particles

oy oy N Gv()oe(r) ey (r)dc(r')
X(r7r7w)_vzc W—(Gc—év)+f77
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Two-particles

(r,r,w) = Z ¢\;()r_¢*( o))

(ec —€y)+in

by (r1 cb* (r2)oy(r3)oc(ra)
Z w—(ec—€)+in

0
X (rla r2,r3,rg, w
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Two-particles

TDDFT

4 point formulation

v(r—r') = v(r; — r3)d(r1 — r2)d(r3 — rg)
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Two-particles

TDDFT

4 point formulation

v(r—r') = v(r; — r3)d(r1 — r2)d(r3 — rg)

fc(r — ') = fic(r1 — r3)d(r1 — r2)d(r3 — ryg)
cf. Casida, TD-HF !

MBPT versus TDDFT Lucia Reining



TDDFT

4 point formulation

v(r—r') = v(r; — r3)d(r1 — r2)d(r3 — rg)

fc(r — ') = fic(r1 — r3)d(r1 — r2)d(r3 — ryg)
cf. Casida, TD-HF !

v(r —r') = v(r1 —r3)d(r1 — r2)d(r3 — rs)
W(r —v) = W(ry — r)d(r1 — r3)d(r2 — rs)

BSE: unavoidable 4-point formulation, TDDFT sometimes
convenient!

v
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Bethe-Salpeter Equation versus TDFFT

What is the meaning of the A)?
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Two-particles

Interactions

We work in transition space...

(n3n4)

I(n1n2) (w) -
_ / d(1234)1(1234, )6, (1), (2) by (3)0%, (4)
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Two-particles
Interactions

We work in transition space...

(n3n4)

(mny) (w) =
= / d(1234)1(1234,w) ¢, (1) 9}, (2)dny (3) 05, (4)

4

V("3”4) (w) —

(mn2)

_ / d(13)v(13) b (1)¢%, (1) (3)65,(3)

v
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Two-particles

Interactions

e (w) =

(nin2)

_ / d(13) (13, ) pm (1)65, (1) (3) 05 (3)
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Two-particles

Strong points
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The gap problem

Gap problem
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Overall Priorities The gap problem

The gap problem

Kohn Sham versus QP gap
Y =ve — A A (X)F(X)

Gl tix,t) = =i) )R (K)eT™0" x
J

x [B(t = t)O(gj — p) — O(t' = )0 (1 — &))I;

Y = Ve +IAG(x, X, t, tT)

i5%/6G = fe — A

Cancellation between QP gap correction and exciton binding
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Time propagation

Outline

e Time propagation
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Time propagation

Time propagation
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Time propagation

Time Evolution of KS equations

[Fics ()] 61(r, 1) = i 2611, 1)

nfr.£) = 3 l6i(r. o)
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Time propagation

Time Evolution of KS equations

[Fics ()] 61(r, 1) = i 2611, 1)
nlr6) = > l6i(r, o)
6(t) = O(t, 0)o(1o)

U(t, to) = 1 — //t drH()U(r, to)

to
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Time propagation

Time Evolution of KS equations

[Fics ()] 61(r, 1) = i 2611, 1)
nlr6) = > l6i(r, o)
6(t) = O(t, 0)o(1o)

U(t, to) = 1 — //t drH()U(r, to)

to

[§ A. Castro et al. J.Chem.Phys. 121, 3425 (2004)

MBPT versus TDDFT Lucia Reining



Time propagation

Time Evolution of KS equations

Photo-absorption cross section o

drw

o(w) = ——Im(a(w))
at) = —/drVext(r, t)n(r, t)
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Time propagation

Time Evolution

Time evolution of the MBPT equations?
(0/0t)G..... Kwong and Bonitz, Phys. Rev. Lett. 84, 1768 (2000)
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