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A new knob to control and create higher
harmonics in solids

September 29 2017

When exciting crystals such as silicon by an intense elliptically or circularly
polarized light pulse (red), circularly polarized higher harmonics (green & blue)
can be generated. Credit: Nicolas Tancogne-Dejean + Joerg M. Harms, MPSD
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Scientists at the MPSD and CFEL have demonstrated the possibility of
using a new knob to control and optimize the generation of high-order
harmonics in bulk materials, one of the most important physical
processes for generating high-energy photons and for the ultrafast
manipulation of information.

The generation of high-order harmonics in gases is nowadays routinely
used in many different areas of sciences, ranging from physics, to
chemistry and biology. This strong-field phenomenon consists in
converting many low-energy photons coming from a very strong laser, to
fewer photons with a higher energy. Despite the growing interest in this
phenomenon in solids, the mechanism behind the conversion of light is
still under debate for solid materials.

Scientists from the MPSD (Max Planck Institute for the Structure and
Dynamics of Matter) and CFEL (Center for Free-Electron Laser
Science) in Hamburg used state-of-the-art theoretical simulation tools to
advance the fundamental understanding of this phenomenon in solids.
Their work is published in Nature Communications.

When atoms and molecules interact with strong laser pulses, they emit
high-order harmonics of the fundamental driving laser field. The high-
harmonic generation (HHG) in gases is regularly used nowadays to
produce isolated attosecond pulses and coherent radiation ranging from
visible to soft x-rays. Because of a higher electronic density, solids are
one promising route towards compact, brighter HHG sources. However,
their use is currently hampered by the lack of a microscopic
understanding of the mechanism leading to HHG from solids.

Researchers at the MPSD and CFEL have now shown that, by using
elliptically polarized driving light, it is possible to unravel the complex
interplay between the two mechanisms responsible for HHG in solids.
By means of extensive first-principles simulations they have shown how
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these two mechanisms are strongly and differently affected by the
ellipticity of the driving laser field.

The complex interplay between these effects can be used to tune and
improve harmonic emission in solids. In particular, they have shown that
the maximal obtained photon energy can be increased by as much as
30% using a finite ellipticity of the driving laser field.

They also demonstrated the possibility of generating circularly polarized
harmonics with alternating helicity from a single circularly polarized
driving field, thus opening a new avenue for a better understanding and
control of HHG in solids based on ellipticity, with intriguing new
opportunities in the spectroscopy of magnetic materials. Their work
shows that ellipticity provides an additional knob to experimentally
control high-order harmonic generation in solids.

More information: Nicolas Tancogne-Dejean et al, Ellipticity
dependence of high-harmonic generation in solids originating from

coupled intraband and interband dynamics, Nature Communications
(2017). DOI: 10.1038/s41467-017-00764-5

Provided by Max Planck Institute for the Structure and Dynamics of
Matter

Citation: A new knob to control and create higher harmonics in solids (2017, September 29)
retrieved 23 June 2024 from https://phys.org/news/2017-09-knob-higher-harmonics-solids.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

3/3


https://phys.org/tags/laser/
http://dx.doi.org/10.1038/s41467-017-00764-5
https://phys.org/news/2017-09-knob-higher-harmonics-solids.html
http://www.tcpdf.org

