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Introduction

Ultrashort pulses of light offer the opportunity to study
both the electronic and structural dynamics of a solid
on the femtosecond time scale. When an intense
femtosecond laser pulse is incident on an absorbing
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A wide variety of techniques are used to study phase
transitions in solids: from single-wavelength to
broadband probes, from IR to visible to x-ray. We
choose a broadband probe to measure the response
of the dielectric function from the near-IR to the
near-UV to intense femtosecond-pulse excitation.

band structure and occupation dielectric function
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Because the dielectric function is determined by the
band structure and electron occupation, it is a probe
of both the electronic configuration and lattice
structure. We track major features (e.g., the E; and
E, peaks) of the dielectric function using femtosecond
ellipsometry.

Coherent phonons in tellurium

Ultrafast phase transitions in solids do not always involve disorder. In tellurium, impulsive photo-excitation
causes a lattice displacement toward a band-crossing transition. At the same time, coherent phonons are

generated and the lattice maintains its symmetry.
Below damage threshold, OV\NVV\NO
ultrashort-pulse excitation

of tellurium weakens the
bonds of the lattice without

disordering. Instead, new

equilibrium positions are
established and the ions
oscillate around them.

Changes of the lattice
directly affect the band
structure and, in turn, g(m).
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oscillation of g(w), we infer
information about the
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The plot below shows the dynamics of Re[e(w)] for a
pump fluence of 120 J/m2. 5
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The shift of e(w) to lower photon energy indicates that
the bonding-antibonding splitting decreases as the
lattice distorts. The magnitude of this decrease
exceeds the band gap for about 100 fs, indicating that
the bands indirectly cross.

Femtosecond time-resolved ellipsometry

In order to observe ultrafast phase changes in solids, we combine white-light pump-probe spectroscopy with
multiple-angle-of-incidence ellipsometry, from which we obtain the time-resolved dielectric function &(w) of the

material.

delay stage

To ensure spatial homogeneity of the probed region,
the pump spot size is about four times larger than the
probe spot. For pump fluences above the damage
threshold, the sample is translated between shots.

probe

sample

After measuring the reflectivity at two angles of
incidence, we numerically invert the Fresnel formulae
to obtain the real and imaginary parts of g(w).
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The plots show the error in Re[e] and Im[e] given a
1% accuracy in the measurement of p-polarized
reflectivity at 45° and 78° angles of incidence. Solid
lines indicate the dielectric properties of various solids
from the near-IR to the near-UV (1.5 to 3.5 eV).

Time and frequency resolved dynamics

By performing Fourier transforms on the

oscillatory signal we observe that the Fourier Transform (STFT) on our g ' ' :
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