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We review the theoretical framework of ab-initio excited
state properties calculations showing the application of
these methods to systems of different dimensionality.
Many body perturbation theory within the GW approxi-
mation of the self energy for the calculation of electronic
band structures is presented and applied to liquid water.

The Bethe Salpeter equation for the computation of op-
tical properties is illustrated and used for the case of sur-
faces and liquid water. An alternative method for the cal-
culation of optical properties, the Time Dependent Den-
sity Functional Theory, is also briefly illustrated.

1 Introduction Many experimental techniques in
solid state physics, such as angle resolved photoemission
spectroscopy (ARPES), electron energy loss (EELS), opti-
cal absorption etc... probe the electronic excitations of the
systems under investigation. As a consequence, a mate-
rial is often characterised by its excited state properties. A
completely ab-initio, parameter free, determination of the
excited state properties of materials is thus very important
for the interpretation of the experimental spectra and/or for
the prediction of the material’s features. In this paper we
will review the well established theoretical background of
the state of the art calculation of excited state properties
and we will show how these methods can be applied to
systems of different dimensionality.

Almost all the calculations presented in this paper are
performed using codes [1] that employ plane wave basis
set. This kind of basis set allows for the intensive use of
fast algorithms such as fast Fourier transforms (FFT) and
moreover allows a systematic check on the convergency of
the calculation. Plane waves are suited to describe crystal
bulk systems in which a certain unit cell is repeated in all
the three directions in space. However as we will show be-
low, also lower dimensionality systems such as surfaces,
molecules and disordered systems such as liquid water can
be studied within the same scheme. Of course in all these

cases special care has to be put in order to avoid spurious
effects due to the infinite reproduction of the unit cell, the
so called supercell. For 0D systems, as molecules, the use
of real space methods instead of plane waves is computa-
tionally more efficient. We will come back to this point in
Section 5.

The paper is organized as follows. Section 2 is devoted
to a brief review of the theory: first, ground state calcula-
tions within density functional theory (DFT), preliminary
to all the excited state calculations, will be presented.

Then, we will see how quasiparticle effects can be intro-
duced to get a reliable description of the electronic band
structure. Finally we will see how many body effects, such
as the excitonic effects, can be introduced in the calcula-
tions of optical spectra. We will show the results of cal-
culations for surfaces (Section 3) and liquid water (Sec-
tion 4). Finally, an alternative method for the calculation
of optical properties, Time Dependent Density Functional
Theory (TDDFT) will be shortly discussed and its applica-
tion to a molecule of biological interest, the flavin, will be
shown in Section 5. Conclusions are drawn in Section 6.

2 Theoretical background In this section we will
briefly discuss the main equations of the theoretical ab-
initio framework used here, in order to resume the different
levels of approximations.
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First, through a DFT [4, 5] calculation within Local
Density Approximation (LDA) [6], with the use of norm-
conserving pseudopotentials [7], the geometrical structure
of the relaxed ground state configuration of the system has
been obtained, solving self-consistently the one-particle
Kohn-Sham (KS) equations [8]:

[−1
2
∇2 + Vext(r) + VH(r) + Vxc(r)] · ϕi(r) = εiϕi(r)

(1)

where Vext is the external potential due the ions, VH is
the Hartree potential, Vxc is the exchange-correlation po-
tential of DFT .
Being the DFT a ground state theory, there is no rigor-
ous justification to interpret the KS eigenvalues εi as elec-
tron addition or removal energies. As a consequence, the
calculated DFT-LDA electronic band gaps of semiconduc-
tors and insulators severely underestimate the experimental
ones [9, 10]. Moreover it is well known [10] that also the
optical spectra calculated at the DFT-LDA level, not only
underestimate peak energies, but miss relative peak inten-
sities. In order to give a proper description of the electronic
excited states of a system, the Green’s function formalism
can be used [10]. The quasi-particle excitation energies are
the poles of the one-particle Green function and are de-
termined as solutions of the quasi-particle equation which
is similar to the Kohn-Sham equation, where a non her-
mitian, non-local, energy dependent self-energy operator
Σ [11, 12] replaces the exchange-correlation potential. In
practical calculations the self-energy is approximated by
the product of the Kohn-Sham Green function G times the
screened Coulomb interaction W obtained within the Ran-
dom Phase Approximation (RPA): Σ = iGW (see Ref. [9]
and references therein). Moreover, a first-order perturba-
tive solution of quasi-particle equation is used, with respect
to Σ − Vxc. In this way the quasi-particle energies are ob-
tained as:

εQP
i = εLDA

i +
1

1 + βi
〈ϕLDA

i |Σ(εLDA
i ) − V LDA

xc |ϕLDA
i 〉

(2)

where the superscript LDA indicates that KS eigenval-
ues and eigenvectors are calculated within the LDA; βi is
the linear coefficient in the energy expansion of Σ and i
stays for the band index (v or c) and for the wave vector k.

Once the quasi-particle energies and wavefunctions are
known we are able to evaluate the macroscopic dielectric
function εM (ω) which can be compared to the experimen-
tal data. Indeed εM (ω) is defined as [13, 14]:

εM (ω) = lim
q→0

1
ε−1
G=0,G′=0(q, ω)

. (3)

This formula relies on the fact that, although in an in-
homogeneous material the macroscopic field varies with
frequency ω and has a Fourier component of vanishing wa-
vevector, the microscopic field varies with the same fre-
quency but with different wavevectors q+G. These micro-
scopic fluctuations induced by the external perturbation are
at the origin of the local-field effects (LF) and reflect the
spatial anisotropy of the material. The evaluation of εM (ω)
within the linear response theory, in the independent parti-
cle approximation leads to the RPA dielectric function.

At this level, even if GW corrections are included, still
no good agreement with the experimental results is guaran-
teed. In particular one may find optical spectra with peaks
often at higher energies than the experimental ones and
with wrong relative intensities.

In order to describe correctly the spectroscopic pro-
cesses, where electron-hole pairs are created, the inclusion
of the self-energy corrections alone, to the DFT eigen-
values, and the inclusion of local-field effects, are still
not enough. The solution of the Bethe-Salpeter equation
(BSE), where the coupled electron-hole excitations are in-
cluded [10], is often required. Detailed discussions about
this equation are already present in the literature [10, 15];
here, we just recall that its solution involves the study of
the following excitonic hamiltonian :

H(n1,n2),(n3,n4)
exc = (En2−En1)δn1,n3δn2,n4−i(fn2−fn1)×∫

dr1 dr′1 dr2 dr′2

φn1(r1)φ∗
n2

(r′1)Ξ(r1, r′1, r2, r′2)φ∗
n3

(r2)φn4(r
′
2)

where ni refer to energy indexes of Kohn-Sham states.
The kernel Ξ contains two contributions: v̄, which is
the bare coulomb interaction where the long range part
corresponding to vanishing wave vector is not included
(which describes local-field effects), and -W, the attrac-
tive screened coulomb electron-hole interaction. Using
this formalism and considering only the resonant part of
the excitonic hamiltonian [10], the macroscopic dielectric
function comes out to be:

In Eq. (4) the dielectric function, differently from the RPA
approximation, is given by a mixing of single particle tran-
sitions weighted by the excitonic eigenvectors Aλ. More-
over the excitation energies in the denominator are changed
from εc−εv (single particle energy transitions) to Eλ which
are the excitonic eigenvalues.
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3.1 The case of GaP(110) Great amount of theo-
retical and experimental data has been published on the
technologically important GaAs and GaN surfaces, but
also the other III-V compounds (InAs, InP, GaP and so on)
have been the subject of many fundamental studies. The
(110), being the cleavage plane of III-V compounds, is the
most natural choice for basic studies, since it is easily pre-
pared with a well defined stoichiometry, a feature nearly
all other III-V surfaces do not have. The (110) surface is
relaxed but not reconstructed [16–18], with the anion atom
moving outwards the surface plane, and the cation inwards.
Also the electronic band structure of the III-V(110) are re-
markably similar, all with a fundamental gap free of sur-
face states and two surface bands, C3 and A5, arising from
cation and anion dangling bonds, clearly detected by di-
rect and inverse photoemission [19]. The only exception
to this general trend seemed to be represented, for some
time, by the GaP(110) surface, that was believed to have
surface states within the fundamental gap. Another charac-
teristic that differentiates GaP from most of the other III-V
compounds is its fundamental indirect gap (Γ −X ∼ 2.35
eV [20], to be compared with a theoretical value, obtained
at a DFT level, of 1.5 eV, and a GW gap of 2.3 eV).

Although many experimental results have been pub-
lished on GaP(110) (see for example [19], [21], [22] and
references therein), its optical properties have been stud-
ied, so far, only within the Tight Binding [22] and DFT [23]
methods. Here, in order to illustrate the importance of the
inclusion of Many-Body effects, we show calculations of
its optical properties, namely its Reflectance Anisotropy
Spectrum (RAS), with the inclusion of GW corrections.
RAS is defined as:

∆R

R
= 2

Ry − Rx

Ry + Rx
(5)

where Rx and Ry are the reflectivity along x and y in-plane
directions. For GaP(110), we select x along the [001] and
y along the [1̄10] directions.

Our calculated RAS, at the DFT and GW level, is
shown in Fig. 1 together with experimental results by [22].
A trend common to all the (110) surfaces is clearly visi-
ble: a) the reflectance for light polarized along the surface
atomic chains ([1̄10] direction) dominates over that along
the [001] direction (perpendicular to the atomic chains);
b) optical structures appear in the vicinity of bulk critical
points.

The experimental peak at 2.7 eV originates, in our GW
calculation, from surface states transitions at X̄ . All the
other structures are bulk-related, with the experimental dip
around 3.7 eV followed by the peak at 3.9 eV probably
related to transitions near E1 (GW gap at L:3.9 eV; DFT
gap at L: 3.0 eV). Finally, the strong absorption structure at
5.2 eV corresponds to the position of the E2 bulk transition
(GW gap at X: 5.1 eV; DFT gap at X: 4.3 eV).

Although the agreement between theory and experi-
ment is far from being perfect, we can safely affirm that

1 2 3 4 5 6
 Energy (eV)

0.00

0.01

0.02

exp.

1 2 3 4 5 6
-0.02

0.00

0.02

∆R
/R GW

1 2 3 4 5 6
-0.02

0.00

0.02 LDA

GaP(110)

Figure 1 Reflectance anisotropy spectrum of the GaP(110) sur-
face at the DFT and GW level. Also experimental results by [22]
are shown.

the main characteristic of the measured RAS are well rep-
resented in the GW calculations. Instead the DFT spec-
trum, because of the DFT underestimation of the electronic
gaps, is unable to correctly describe the experimental RAS.
Moreover, it is clear that excitonic effects, not included
here, may have some effects on the intensity of the surface
related peak at 2.7 eV.

3.2 Electron energy loss of C(100) The C(001)
surface reconstructs in a 2x1 dimerized geometry. At odd
with the Si(001)2x1, the C-C dimers are not buckled, and
their bond length is about 1.37 Å [24], [25], [26], [27],
[28], [29]. C(001)2x1 represents a case were excitonic ef-
fects play a fundamental role in the RAS [29], [30]. This is
due to the fact that surface bands are well separated from
bulk bands, so that exciton dynamics is effectively two di-
mensional and to the reduced screening at the surface with
respect to bulk.

The importance of excitonic effects in this surface is
also clearly visible in the EELS spectrum [24]: in Fig.
2 the theoretical EEL spectra, obtained including Many-
Body effects (panel b) are compared with the experiments
of ref. [31] (panel a). The experiment was performed with
a primary beam energy of 50 eV and at a fixed angle of in-

3 Application to surfaces
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A B Figure 2 Electron energy loss spectrum
of C(100) 2×1 surface. (a) Experimental
spectrum from ref. [31]. (b) Theoretical
spectrum with excitonic effects included.
A and B refer to two surface-state exci-
tons (see the text and Ref. [24] for more
details.)

cidence φi = 60◦ under specular reflection. Thanks to the
high energetic primary beam and to the small energy loss,
the use of dipole-scattering theory is allowed and the com-
parison of theoretical results with the experimental curve
is justified. A typical value of the transferred momentum
in this experimental configuration is q‖ � 0.15 a.u.

The experimental loss function is characterized by
three main peaks located at 3.5 , 4.7 and 5.9 eV. We can
see that the agreement of the theoretical results with the
experiment is reasonably good (panel b). The lowest en-
ergy double-peak (centered around 3.5 eV) is due to the
excitation of the surface-state excitons, appearing at 3.1
and 3.8 eV (A and B in the right panel of Fig. 2 ) in the
surface dielectric functions; the calculated double peak
corresponds well to the asymmetric experimental structure
around 3.4 eV. The calculated structure at about 5 eV is
due to surface state-surface state transitions, and the higher
structures are mixed surface state-bulk state transitions.

4 Disordered systems: the example of liquid
water As an example of GW and BSE calculation in com-
plex systems, we show the results obtained within this the-
ory for a particular three dimensional system: liquid wa-
ter [32]. The peculiar problem related to the study of a liq-
uid disordered system relies on the fact that one should
in principle use a very large unit cell. A possible solution
to avoid such huge unit cells has been proven [32] to be
the use of smaller unit cells but exploiting several molecu-
lar dynamics (MD) snapshots of water as input geometries
and averaging the results over all the configurations. We
used 20 configurations of 17 water molecules in a cubic
box with 15 a.u. side. We firstly used DFT to obtain Kohn-
Sham eigenvalues and eigenvectors and then corrected the
energy levels within the GW approximation. In the calcu-
lations we used GGA pseudopotentials and 8 k-points to
sample the Brillouin zone. [33]

DFT-KS results for the electronic properties of water
(obtained averaging over the 8 k points for each of the
20 configurations) are shown in Fig. 3. The configuration-

averaged HOMO-LUMO gap turned out to be 5.09 eV, in
good agreement with previous DFT calculations [34] but
strongly underestimating the experimental gap (8.7 ±0.5
eV [35]), as expected in DFT.

In order to correct the KS electronic gap we calculated
the GW corrections ∆εQP

n to the KS energies. This should
be done for all the 20 MD configurations, followed by
an average. In particular the calculation of the screened
Coulomb interaction for 20 configurations constitutes a
true bottleneck. Instead, we observed that the GW correc-
tions ∆εQP

n were quite stable with respect to the config-
uration. In other words, the difference between DFT and
GW,
∆GW = εQP

n − εDFT
n , was practically constant going

from one snapshot to another. This is explicitly shown in
Table 1 for three different configurations. We used, hence,
the same GW corrections for all the DFT configurations.
With this GW corrections the average electronic HOMO-
LUMO gap is increased to 8.4 eV well within the exper-
imental range (8.5 +/- 0.5 eV) [35], as shown in Fig. 3.
Nevertheless, the optical spectrum obtained within GW is
completely at odd with experiment. Our GW results, aver-
aged over the 20 MD configurations are shown in Fig. 4:
both the peak positions and relative intensities are wrong,
suggesting dramatic many-body effects in liquid water. In
fact, agreement with experiment both in energy peak posi-
tions and onset, as well as in the relative intensities of the
first two peaks, is significantly improved when using the
BSE approach.

Table 1 GW corrections to the HOMO and LUMO energy levels
and to the GGA electronic gap, for three different water configu-
rations (E19, E8, E2). Energies in eV.

DFTgap ∆GW HOMO ∆GW LUMO ∆GW gap

E19 5.09 -1.67 1.61 3.28

E8 4.71 -1.64 1.60 3.24

E2 5.29 -1.70 1.60 3.30

2546 E. Cannuccia et al.: Ab-initio optical spectra of complex systems
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Figure 3 a) DFT HOMO and LUMO
energies, averaged over the 8 k-points,
for the 20 MD configurations of liq-
uid water. b) Schematic DFT and GW
HOMO-LUMO gaps, averaged over the
20 MD configurations.

We show in Fig. 4 the excitonic spectra for all the 20
MD configurations (yellow lines) and their average (red
line). The main remaining discrepancy between theory and
experiment is an overall redshift, that might be due to the
fact that our GW calculations are not self-consistent but
use DFT wavefunctions and energies. The first peak in the
spectrum turns out to be a bound exciton with a binding
energy of 2.4 eV and large oscillator strength. These are a
consequence of the weak electronic dielectric screening of
water (ε∞ ∼ 1.8). The second peak results from an exci-
tonic enhancement of the oscillator strength of interband
transitions with respect to the single quasi-particle case.

5 The time dependent density functional ap-
proach In the previous section we have seen that an ac-
curate description of optical spectra can be obtained within
the Bethe Salpeter approach. In order to solve the excitonic
hamiltonian, first of all one has to perform a well converged
DFT calculation, as a second step GW corrections to the
DFT eigenvalues have to be calculated, and as a third step
the Bethe Salpeter equation is finally solved. The 3 steps
here described are of increasing difficulty. It is hence clear
that this approach can not be applied to very complex sys-
tems, and as a matter of fact full GW and Bethe Salpeter
calculations have been done on systems composed of a
maximum few tens of atoms.

On the other hand, DFT can be applied easily to very
large systems (hundreds of atoms). Density Functional
Theory, described in Section 2, is a ground state theory

3 4 5 6 7 8 9 10 11 12
E [eV]

0

0.5

1

1.5

2

2.5

3

 ε
 2

RPA
GW
BSE

7 8 9 10 11 12
0

0.5

1

Figure 4 Optical absorption spectrum of liquid water averaged
over the different MD configurations, calculated at different theo-
retical levels: DFT-RPA (black dots), GW (blue) and with the in-
clusion of excitonic effects (BSE, red curve). In yellow we show
also the BSE results for all different configurations which, aver-
aged, give the red curve. Inset: experimental data from [36, 37].

in which the charge density is the relevant physical quan-
tity. DFT has proven to be very successful in describing
structural and electronic properties for a vast class of ma-
terials and furthermore is computationally not demanding.
For these reasons DFT has become a common tool in first
principles calculations for the description of molecular and
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condensed matter systems properties. Anyway, as already
mentioned, DFT cannot reproduce some quantities such as
electronic excitations energies and optical spectra, being
a ground state theory. A rigorous generalization of DFT
to time dependent external fields was proposed by Runge,
Gross and Kohn [38, 39]. In the work of Runge and Gross
a theory similar to the Hohenberg-Khon-Sham has been
developed, but for time-dependent potentials. Several re-
views of the foundation of TDDFT and its applications can
be found [40–42]. In contrast to DFT, no energy minimum

phys. stat. sol. (c) 5, No. 8 (2008) 2547

Invited

Article



© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.pss-c.com

p
h

ys
ic

ap s sst
at

u
s

so
lid

i c

principle is available and the evolution of the system is
described by the quantum-mechanical action, defined by
Eq. (6). The true time dependent density is the one which
makes the action stationary.

A[Ψ ] =
∫ t1

t0

dt < Ψ(t)|i ∂

∂t
− H(t)|Ψ(t) > . (6)

where H(t) and Ψ(t) are the t-dependent hamiltonian and
eigenfunction of the system, t0 is the initial time, when the
time-dependent perturbation starts to be applied, and t1 is
a generic final time. Minimizing the action it is possible to
obtain a set of time dependent KS equations, given by:

[−1
2
∇2 + veff (r, t)]φi(r, t) = i

∂

∂t
φi(r, t) (7)

where we assume the existence of a potential veff (r, t)

veff (r, t) = vext(r, t) +
∫

n(r, t)
|r − r′|dr

′ + Vxc(r, t) (8)

for an independent particle system whose orbitals φi(r, t)
yield the same charge density n(r,t) of the interacting sys-
tem,

n(r, t) =
∑
i=1

fi|φi(r, t)|2. (9)

Since all observables are unique functionals of the den-
sity, in principle any property can be exactly obtained by
the Kohn-Sham time-dependent formalism. The simplest
possible approximation of the time-dependent xc poten-
tial is the so called adiabatic local density approximation
(ALDA). It employs the functional form of the static LDA
with a time-dependent density:

V ALDA
xc [n](r, t) = V LDA

xc (n(r, t)) =
d

dn
(nεhom

xc (n))|n=n(r,t))

(10)

If we are interested in optical spectra, we can use a method
based on the time evolution of the Kohn and Sham equa-
tions [43], [44]. Let be φi(r) the KS wave functions of
ground state, with which the initial state of the system is
built. The system is excited by an electric field:

δvest(r, t) = −k0rνδ(t), (11)

where ν = x, y, z. In order to consider the response of
the system as linear, the amplitude k0 must be small. At
t = 0+ the initial state for the time evolution is given by:

φi(r, t = 0+) =

T̂ exp

{
−i

∫ 0+

0

dt
[

ˆHKS − k0rνδ(t)
]}

φi(r)

= exp(ik0rν)φi(r). (12)

where HKS is the ground-state KS hamiltonian. The in-
duced charge is

δn(r, ω) =
∫

dr
′
χ(r, r

′
, ω)δvest(r

′
, ω), (13)

where χ is the response function of the interacting system.
The dynamical polarizability can be obtained from

αν(ω) = − 1
k0

∫
drrνδn(r, ω), (14)

which in the dipole approximation becomes

αν(ω) = −
∫

dr
∫

dr
′
rνχ(r, r

′
, ω)r

′
ν . (15)

In the expression (13), δn(r, ω) is the Fourier transform
of n(r, t) − ñ(r), where ñ(r) is the ground state density
of the system. The quantity obtained in an experiment of
photoabsorbtion, is the cross section, given by:

σ(ω) =
4πω

c

1
3
�

∑
ν

αν(ω), (16)

where c is the speed of light.
This method, in the ALDA approximation for vxc, is

often used with success to calculate the absorbtion spectra
of finite systems, from small molecules to biological sys-
tems.

We applied the Time Dependent Density Functional
Theory (TDDFT) to the flavin mononucleotide (FMN)
in its oxidized form. We used the LDA approximation
(for the correlation part we used the Perdew and Wang
parametrization [45]) and Troullier-Martins pseudopoten-
tials [7].

In order to calculate the optical spectrum, we replaced
the ”chain” of flavine mononucleotide [46] with a methyl
group CH3, because only the cromophore (the system with
the three rings) is optically reactive. This molecule is called
lumi-flavine and is shown in Fig. 5.

The numerical calculations have been performed with
the Octopus code [47], which solves the Kohn-Sham
equations on a grid in real space using null boundary con-
ditions. For this reason Octopus is a suitable code es-
pecially for finite systems like the molecules. Real space

2548 E. Cannuccia et al.: Ab-initio optical spectra of complex systems
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Figure 5 Oxidized lumiflavine.

methods are of course better suited for finite systems so
that no artificial periodicity has to be introduced.

The wave functions are represented by their value over
a set of points in real space. The separation between points,
or spacing, is a critical parameter. This parameter is equiv-
alent to the energy cutoff used by plane waves representa-
tions. The shape of the simulation region may also be tuned
to suit the geometric configuration of the system: we chose
a sphere built around each atom. After some convergence
tests, we have fixed the spacing on 0.18 Å, (which corre-
sponds to a cut-off kinetic energy of 85 Ry) and the radius
of the spheres of 5 Å. With these parameters we calculated
the optical spectrum, evolving the wave functions for a pe-
riod of 4 × 10−16s.

In Fig.6 we show our results for the lumiflavine in
the oxidized form: the spectrum is calculated at the DFT
(RPA, non local fields) level, and at the TDDFT level.
The DFT spectrum has been calculated using Espresso
PWSCF [48] code with a kinetic cutoff energy of 60 Ry,
with an orthorombic cell of sides a = 30 a.u., b = 26.8
a.u. and c = 21.4 a.u. respectively along x, y, z direc-
tions (see Fig. 5) and with BLYP pseudopotentials [49].
The TDDFT spectrum has been calculated with a spac-
ing of 0.18 Å and radius of the spheres of 5 Å. The ex-
perimental spectrum, instead, also shown in Fig. 6, refers
to flavin mononucleotide in solution. (To our knowledge,
there are no published experimental gas-phase spectra of
FMN because of the low volatility of flavins, hence we re-
fer to the experimental spectrum of FMN in aqueous so-
lution [50], [51]). Whereas the DFT spectrum in unable to
reproduce the position and the relative intensities of the ex-
perimental absorption peaks, the agreement of the TDLDA

0 1 2 3 4 5

DFT

0 1 2 3 4 5

TDLDA

0 1 2 3 4 5
Energy [eV]

Experiment

(a
.u

.)
2ε

Figure 6 Optical spectra of the oxidized lumiflavine obtained
at different level of the theoretical approximation (top and central
panels) compared with the experimental data (bottom panel) from
Ref. [51]

spectrum with the experimental one is very good. A small
(about 0.37 eV) shift between theory and experiment can
be observed, maybe to the fact that the experimental spec-
trum refers to flavin in water and not in vacuum.

6 Conclusion We have shown that parameter-free
calculations of the spectroscopic properties of systems
with different dimensionality and microscopic order, are
now possible using Many-Body Perturbation Theory to
correct the failures of the one-particle DFT approach. This
scheme allows to determine both ground state and excited
state properties at the same level of microscopic accuracy.
We have discussed self-energy effects in the GW approx-
imation which yields quite accurate results for the elec-
tronic gaps in many materials. Moreover, we have intro-
duced the Bethe-Salpeter equation needed to describe the
electron-hole interaction and shown some examples where
theoretical response are strongly influenced by many body
effects. An alternative approach, TDDFT, which is compu-
tationally quicker than the BSE, has also been discussed.
As an example, its application to a molecule of biological
interest, the flavin, has been illustrated.
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