Control of coherent optical phonons in tellurium
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Introduction

how do femtosecond laser pulses alter a solid?




Introduction

photons excite valence electrons...
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Introduction

...causing electronic and structural changes...
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Introduction

...which we detect with a second laser pulse.
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Time-resolved dual-angle reflectometry
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Time-resolved dual-angle reflectometry
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Coherent phonons

tellurium has hexagonal arrangement
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Coherent phonons

with lattice planes offset in spiral fashion



Coherent phonons

helical radius x=0.27d



Coherent phonons

A; mode modulates x
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Coherent phonons

photoexcitation causes modulation of helical radius

structure band structure dielectric function
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15% change drastically alters band structure

structure band structure dielectric function
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should cause a red-shift of dielectric function

structure band structure dielectric function
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data agree well with literature values
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now vary pump probe delay
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Coherent phonons

ground state equilibrium at x/d = 0.27
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equilibrium position shifts upon excitation
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Coherent phonons

band structure depends on lattice configuration

© o o o
N w BN o1
| | |

potential energy (eV)
o

excited states

ground state

0
0.25

0.30

x/d

0.35

0.40

x/d

0.290

0.285

0.280

0.275

0.270

0.265
0

Tangney and Fahy, Phys. Rev. B 65, 054302 (2002)

0.005 0.01 0.015
excited fraction of electrons



Coherent phonons

dielectric function reveals band structure changes
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track resonance energy
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track resonance energy
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track resonance energy
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Coherent phonons

AE ..~ 0.3 eV and so Ax/x = 0.05
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semiclassical model of nuclear motion
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nuclear wave packet sits at minimum
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laser pulse excites electrons, alters potential
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nuclear wave packets on new potential

energy

. '

atomic position



Optical control

wave packet oscillates on new potential
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excite again at turning point...
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...50 wave packet lands at minimum in new potential
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Optical control

leaving lattice displaced (without oscillations)
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if timing wrong...
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...we get oscillations on the new potential
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if fluence wrong...
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excite to other potential surface...
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...and wave packet oscillates
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Fi=071F, F,=043F, t©=467fs
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Optical control

F;=0.43 F, F, =0.35 Fy, T=127 fs
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Optical control

F;=0.43 F, F, =0.33 Fy, 7= 127 fs
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F; =0.57 Fy, F, =0.46 Fy, T=133fs
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Optical control
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Optical control

F;=0.43 F, F, =0.33 Fy, 7= 127 fs
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Optical control

F; =0.57 Fy, F, =0.45 Fy, T=133fs
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F,=071F; F,=0.34F; 7=467fs
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cancellation on second swing
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Two things to note:
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Two things to note:
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excited electrons ‘instantaneously’ alter potential
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but nuclear rearrangement also alters potential
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o excitation of large-amplitude coherent phonons

e phonons can be controlled optically

 electronic and nuclear configurations affect dynamics
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