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Real life is at finite temperature (!)
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@ h-BN is thermally stable

@ Wide DIRECT gap insulator
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Excitons:

Review: G. Onida, O.
Reining, and A. Rubio, Reuv.
Mod. Phys. 74, 601 (2002)
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._ Quasihole and
@ quasielectron

K= (ﬂ't s ps k)

The excitons are the poles of L
and eigenstates of the Bethe-Salpeter
Hamiltonian
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s . Review: G. Onida, O. Reining, and
Line Width [eV] A. Rubio, Rev. Mod. Phys. 74, 601
(2002)
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The BS Hamiltonian is
Hermitian
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Ab-Initio Polarons

Finite temperature dynamics
for the excitons

3

edl Finite temperature optics



Independent QPs

V{4 = 44
Indirect ( 3 > E )

exciton-phonon
scattering

Ab-Initio Polarons



Polarons: the Cardona Allen approach

Solid St. Comm. 133, 3 (2005) ; PRB 23, 1495 (1981)
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Ab-Initio Polarons: Silicon and Diamond

100

-100

-200

gap

=300~

-400

1 | 1 | 1 | 1 | 1 | 1 | 1 1 1
P9 00 200 300 400 500 600 700 800
TIK]

500 |

400

300

(T) [meV]

gap

200

Width

100

I T T TR
200 300 400 500
T[K]

V Optical electron-hole pair widths are

|
100

Lo
600 700 800 900

30 meV at T=0 and 150 meV at
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Phonon induced gap correction can be as
large as 0.1 eV at room temperature (15% of
the QP correction)
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Independent QPs

’
“Indirect” (ﬂ > E)

exciton-phonon
scattering

A

“Direct” exciton-
phonon scattering

Finite temperature dynamics
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The dynamical BSE: the phonon term
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The dynamical BSE [AM, R. Del Sole,
V PRL 91, 176402 (2003)] was
introduced to sum the frequency

® dependent Coulombic interaction

The momenta conservation '
makes the polaronic p
(indirect) term dominant

“Excitons-phonon
interaction is
dictated by the
internal structure of
the excitonic
state.”
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“There is no Ab-Initio
giustification for simple
bosonic scattering
pictures”




Independent QPs
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Excitons: the polaronic picture
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Absorption

Finite T optics: Si and diamond

Quasihole and
~quasielectron
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Hexagonal-BN: optics
B. Arnaud PRL. 96, 026402 (2006); C. Tarrio, PRB 40, 785
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Huge blue-shift (zero-point
vibrations) of the excitonic
energies
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Exciton-phonon interaction:
weak vs strong coupling regime
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coherent term Incoherent term

weak regime: coherent term << incoherent term (silicon, diamond)

strong regime: coherent and incoherent terms of the same order (hBN ?)



Hexagonal-BN: fine structure
Temperature [K]

T 200 400 600 800 Bright to dark (and vice
. versa) transitions

The microscopical mechanism of
the bright to dark (and vice
versa) transitions is a transfer of
optical strength between
energetically close excitonic
states

Thermal stability of
excitonic energies, but...

...gradual worsening of optical
efficiency
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Concl usi ons. . .

The finite temperature optical properties of
semiconductors with resonant and bound excitons
can be described with the standard BSE in the
polaronic picture

The excitonic damping and zero-point motion effect
are in excellent agreement with the experiment.

The non-radiative lifetime and the optical
efficiency of the excitonic. states as photo-emitters
are slowly decreasing functions of the temperature

The thermal evolution of the excitonic
states shows the existence of bright to
dark (and vice versa) transitions.

.. Unfortunately
theorists co not ever
vother to cormpare
their calculations with
low-ternperature
rmeasurernents, using
rmore easily accessiole
roorn ternperatlre
spectra.”

_...and...



Codes and Peopl e. ..

Yambo: an ab initio tool for excited state calculations, AM, C.
Hogan, M. Gruning, D. Varsano, arXiv:0810.3118
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AM, Phys. Rev. Lett. 101, 106405 (2008)
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