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The Bethe Salpeter equation (BSE):

an equation for bound-state problems
[E.E. Salpeter and H.A. Bethe, Phys. Rev. 84, 1232 (1951)]
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Part 1: Particles, quasiparticles and excitons:
a brief introduction to BSE, Dyson equation
and Time Dependent DFT.

Part 2: Bound excitons: BSE versus
Time-dependent Density-Functional Theory.

Part 3: A three-point vertex functionfrom TDDFT:
lifetimes of a wide-gap insulator (LiF) beyond the
GoWo approximation

E.E. Salpeter



Quasiparticles & Excitons
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[F. Aryasetiawan, Rep. Prog. Phys. 61, 237-312 (1998)
Onida, Reining, Rubio, Rev. Mod. Phys.74, 601 (2002)]
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[E. Runge and E. K. U. Goss, Phys. Rev. Lett. 52 (1984),
M. Petersilka, U. J. Gossmann, and E.K.U. Gross, Phys. Rev.
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[AM, R. Del Sole, PRL91, 176402 (2003)]




- e xc-functional > vxc > fxe.
Time Dependent DFT versus ... Sham Schluter PR 51 1886
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.. Many-Body perturbation theory



The BSE: a O(NxN) problem
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Efficicnt (N} method (o solve the Bethe-Salpeler cquation

W. G, Schomde,® & Glutsch, I' H. Haln, and F. Bochstodt
sttt e Festbivperthoode wia Thenveeisehe Ok, Crisarteh-Solille-Universier Gonag, War-iVien-Plaz T, 07747 Tevg Gevman)
(Roestved 3 Chomnoner 2002 pullishsd & Pabmoory 2000

The calculation of the polarizabilitv using the BSE 1s
straighttorward, but requires the solution of the eigenv ’tlll'ﬂ

problem .
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The dimension ol the excilon Hamllonian N
=N, NN, is therefore about 107 ... 10", already for the
relatively small unif cell of an unreconstructed surface. Even
with today’s powerful supercomputers, the diagonalization of
matrices of this size. which scales as CQUN7), is prohibitively
slow.
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Part 2: Bound excitons in
Time-Dependent Density Functional
Theory

- A many-body approach to
t he exchange-correl ation
ker nel .

- 3D systens: Opti cal and
Ener gy- Loss spectra of
SI 2, LiF and di anond.

A. Marini, R. Del Sole,and A. Rubio
Physical Review Letters91, 256402 (2003)




Many-Body approach to the Exchange-Correlation Kernel of TDDFT
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® The fxc series does not converge unless

the BS kernel diagonal is embodied in
the IP polarization function. i.e.
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Using this idea the higher order
corrections to the first-order fxc are not
only well defined but numerically
stable at all orders.
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— TDDFT @ @ ® Experiment
I orRea Bound exutons in TDDFT
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Part 3: A Many-Body vertex function
from TDDFT

- Two versus three-point
vertex functions

- A three-point vertex
function from TDDFT

- Excitonic effects on the
i1 fetimes of wde gap
| nsul ators (LiF)

A. Marini, and A. Rubio
Physical Review B70, 081103(R) (2004)




Polarization function, vertex & self-energy

. _ Small effect on the QPs
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[PRL 62, 2718 (1989); PRB 49,
WTDOFT _ 7 4 8024 (1994); PRB 56, 12832
(1997)]
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The 3-point vertex function
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Electronic linewidths of LiF: excitonic effects
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Similar energy dependence has been g Y
observed in highly correlated materials Ti e 0 (B =~ By = B
[Phys. Today 54 (1), 29 (2001)] or ., T Y S '
layered materials (graphite) Y v

[PRL 87, 246405 (2001)]

AM, and A. Rubio, Physical Review B 70, 081103(R) (2004)



Conclusions
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