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Ultrafast dynamics in photoexcited Bismuth surface and bulk states
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The structure of the A7 compounds may be described as a distorted simple cubic
structure, where the (111) planes of atoms have an alternating displacement along the (111)
direction. In one dimension, this type of distortion is well known as Peierls distortion [1].
Bismuth is an A7 semimetal where Peierls instability causes a symmetry breaking along the
trigonal (111) direction. Due to this distorted nature of the ground state photo-induced
excitation of valence electrons increases the electronic density in the conduction band
thereby reducing the energy gain of the Peierls distortion. This renders the Peierls distortion
unstable and a phase transition towards an undistorted phase stands possible within a
timescale inferior to that required for the electron-phonon coupling thermalization.

Nowadays, although the atomic motion in Bismuth following the photo-induced
excitation by femtosecond laser pulses is well understood [2], the temporal evolution of its
electronic states has never been directly measured. To this end, we have performed time-
resolved and angle-resolved photoemission experiments in bismuth (111) that allowed us to
directly observe electron-phonon coupling with individual Bloch state wavevectors. Our
measurements confirmed that the electronic structure of bismuth displays a rich
combination of bulk-like bands, surface states and surface state resonances. We found that
the binding energy of bulk-like bands oscillates with the frequency of the A;; phonon mode
whereas surface states are rather insensitive to the coherent motion of the lattice [3]. A
strong dependence of the oscillation amplitude on the electronic wavevector is correctly
reproduced by ab initio calculations of electron-phonon coupling. Besides these oscillations,
all the electronic states display a photo-induced shift towards higher binding energies whose
dynamics follows the evolution of the electronic temperature.
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