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Introduction and motivation

Outline

Exciton dispersion in insulators

Towards 2D systems

Perspectives
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Optical spectrum of LiF 

D. M. Roessler and W. C. Walker, J. Opt. Soc. Am. 57, 835 (1967).
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Optical Properties  

material characteristics (knowledge)

photovoltaics, optoelectronics (exploit for application) 

photocatalysis, photo-therapy  
                         (actively using photo-conversion)
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Theoretical Spectroscopy
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Theoretical Spectroscopy

BSE
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Theoretical Spectroscopy

BSE

accurate

cumbersome
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Theoretical Spectroscopy :: added values

where does it come from (bands, BZ region) ?

spatial extension

Analysis
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Excitonic wavefunction (LiF)

Probability to find the electron for a fixed position of the hole (F atom)
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Theoretical Spectroscopy :: added values

Prediction of features (ab initio)

where does it come from (bands, BZ region) ?

spatial extension

Analysis
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Exciton Dispersion (with momentum transfer)

other spectroscopies (Compton scattering, CIXS)

effect on screening (photo-emission spectra, band-gap)

first step towards exciton dynamics
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Satellites in Photoemission

Silicon PES
Plasmon Satellites

16 eV 16 eV
16 eVwp

Main ingredient ::      
   Loss function

M. Guzzo et al. PRL 107, 166401 (2011).
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Exciton Dispersion (with momentum transfer)

(Optics)
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Bethe-Salpeter Equation
extension (q) 

M. Gatti and F. Sottile PRB 88, 85425 (2013)

EXC code www.bethe-salpeter.org/

finite momentum transfer (beyond dipole)

quasi-particle wavefunctions

full coupling (beyond TDA)
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Dynamical Structure factor of LiF

EXP BSE

P. Abbamonte et al. PNAS 105, 12159 (2008);
Chi-Cheng Lee et al. PRL 111, 157401 (2013)

M. Gatti and F. Sottile PRB 88, 85425 (2013)
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Dynamical Structure factor of LiF

EXP BSE

P. Abbamonte et al. PNAS 105, 12159 (2008);
Chi-Cheng Lee et al. PRL 111, 157401 (2013)

M. Gatti and F. Sottile PRB 88, 85425 (2013)
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Excitonic bandstructure
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Predictions for Solid Argon
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OK for big momentum transfer (with IXS)

What about for small q ? EELS ?
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The case of Molecular Solids

EELS BSE

From F.Roth et al. PRB 83 (2011),  JCP 136 (2012).
P. Cudazzo, M. Gatti, A. Rubio and F. Sottile, PRB 88, 195152 (2013)
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The case of Molecular Solids

EELS BSE

P. Cudazzo, M. Gatti, A. Rubio and F. Sottile, PRB 88, 195152 (2013)
From F.Roth et al. PRB 83 (2011),  JCP 136 (2012).
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The case of Molecular Solids
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Giorgia Fugallo
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hexagonal Boron Nitride

GK

Galambosi et al. Phys. Rev. B 83, 081413(R)
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hexagonal Boron Nitride

GK

Galambosi et al. Phys. Rev. B 83, 081413(R)

30



qx

qy

hexagonal Boron Nitride

K M

G
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qx

qy

hexagonal Boron Nitride

Beamtime obtained :: ESRF 2/2015
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Theoretical (preliminar) predictions of 2D exciton dispersion

Wannier

Frenkel

Pierluigi Cudazzo

C.A.Rozzi et al., Phys. Rev. B 73, 205119 (2006).
S.Ismail-Beigi, Phys. Rev. B 73, 233103 (2006). 2D Cutoff

FS, Matteo Gatti
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Exciton dispersion :: Perspectives

excitonic effects in dielectric function 
(main ingredient in several spectroscopies) ?

excitonic effects in CIXS and RIXS

dispersion OK in 3D. ongoing in 2D and 1D
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