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Inelastic X-ray Scattering




Inelastic X-ray Scattering
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screening density-density response function



Polarizability

Independent-particle polarizability X"

x =x"+x" (v+ f) x

occupied states



Polarizability

Independent-particle polarizability X"

occupied states

XRPA _ XO + XO (”U + %C) XRPA
XALDA _ XO i XO (’U i f:?;DA) XALDA

BSE

X% = X + Xow (v — W) x



EELS of Graphite

loss function
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[XS of Silicon
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XS of hBN
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Ab initio description of excitons

O =3 | <c[dfv> ] sum over independent transitions
— w — (€c — &) + 17 no exciton by definition
independent-particle polarizability

2 . . agn
‘Zvc AV < eld|v > ‘ mixing of transitions
Y = Z _ contains crystal local fields
A w — Ex 4 and excitonic effects

Bethe-Salpeter equation

well established, state-of-the-art theory for optical properties



Exciton Dispersion

extension of the BSE to q # 0
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[XS of hBN
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[XS of hBN
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hexagonal Boron Nitride

[ G. Fugallo et al. PRB 92, 165122 (2015)



Exciton dispersion of h BN

G. Fugallo et al. Phys. Rev. B 92, 165122 (2015)



Exciton dispersion of h BN
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Theoretical predictions of 2D exciton dispersion
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Excitonic Band-structure of MoSz monolayer
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Exciton Dispersion
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Scattering experiments described and carefully analyzed
Dispersion predicted for 2D systems
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series of tools and spectroscopies

X(qa C,U) = XGG/ (q7 w)

non-diagonal response

q = (-1/2,-1/2,-1/2)

G =(1,1,1)
G' = (0,0,0)

Coherent Inelastic X-ray Scattering

[4 H.-C.Weissker PRL 2010
@ W. Schulke and A. Kaprolat PRL 1991
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of tools and spectroscopies

visualization of induced charge (LiF)

5n(r’ t) - /dw Z XGG’(qa w)ve:r:t(q =+ G,a w)e’i(Q-l-G)-re—?jwt
q,G,G’



f tools and spectroscopies]

visualization of induced charge (LiF)

5n(r, t) B /dw Z XGG’(qa w)ve:ct(q =+ Gla w)e”:(CH—G)-re—iwt

q,G.G’
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Satellites in Photoemission

Plasmon Satellites

Cumulant expansion
(well beyond GW)

Main ingredient ::
Loss function

[ M. Guzzo et al. PRL 107,
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Satellites in Photoemission

What about exciton satellites ?



Photo-emission spectra of LiF
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Photo-emission spectra of LiF
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Conclusions

a added new dimensions (q,G,G') to the problem N
« exciton dispersion (bulk, layered, 2D systems)

« excitonic band structure
< new spectroscopies (Coherent Inelastic X-ray Scattering)
visualization tools

v
\\/ tackle new challenges in theory (exciton satellites)

/

W) new spectroscopies (Resonant Inelastic X-ray Scattering)

W ...influence of excitonic W (GW, DMFT, condensation,etc.)
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