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Realistic description of electronic structure, electron-
lattice interaction

Temperature effects: bandgap renormalization, finite
ifetime for electrons and excitons

First step for a carrier relaxation study. Application in valley
depolarization, ultra-fast spectroscopy



A few formulas...
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Without lattice-interaction: Electronic states have infinite lifetimes
Reality: Lattice-interaction gives them a finite lifetime



A few formulas...

Scattering of an electron by a phonon

Temperature enters via population of
phonon states
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Quasiparticle approximation
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Single-layer MoS




Single-layer MoS
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Single-layer MoS
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Single-layer MoS
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Bandgap correction (e¢V)
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Bandgap renormalization Breakdown QP approx.



Single-layer MoS
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What about optical properties (excitons) !



Excitons at finite temperature
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Homogeneous broadening for all the peaks
A. Molina-Sanchez et al., Phys. Rev. B 88,045412 (201 3)
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Experiments show lines
with different

broadenings

Spectra usually obtained
at room temperature



Excitons at finite temperature

Heer pn(T) = H. s + [AEe(T) — AER(T)] Senernr
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Bethe-Salpeter Hamiltonian is not hermitian
Excitons acquire a finite lifetime

A. Marini, Physical Rev. Lett. 101, 106405 (2008)



Excitons at finite temperature

Heer pn(T) = H. s + [AEe(T) — AER(T)] Senernr

Bethe-Salpeter Hamiltonian is not hermitian
Excitons acquire a finite lifetime

* Data from Phys. Rev. B
90,205422 (2014)
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Conclusions and ongoing work

Temperature effects are important for an accurate bandgap
value and for a realistic description of the bands

Breakdown of quasiparticle approximation

Lifetime of quasiparticles (excitons) | Ik
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Carrier relaxation for ultra-fast optics
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