
Unlocking the Secrets of From Femtosecond
Magnetism To High Harmonic Generation
Throughout history, scientists have constantly pushed the boundaries of human
understanding, revealing new insights into the fundamental workings of our
universe. From the discovery of electricity to the invention of the computer, each
breakthrough brings us closer to harnessing the true power of nature. One such
fascinating area of research that has garnered significant attention in recent years
is the field of femtosecond magnetism and high harmonic generation.

Femtosecond magnetism explores the behavior of magnetic materials at an
incredibly short timescale - femtoseconds, which are one quadrillionth of a
second. This field of study has opened up exciting possibilities for harnessing the
potential of magnetism in various applications, including data storage, spintronics,
and even quantum computing.

Traditionally, understanding magnetism involved studying the response of a
material over relatively long timeframes, such as microseconds or longer.
However, recent advancements in ultrafast laser techniques have allowed
researchers to investigate the dynamics of magnetism at the femtosecond scale.
This breakthrough has provided unprecedented insights into the intricate interplay
between spin and charge dynamics, paving the way for manipulating magnetic
properties with extreme precision.
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One remarkable aspect of femtosecond magnetism is its potential to control
magnetization solely through optical means. By utilizing ultrashort laser pulses,
scientists have been able to alter the spin orientation of magnetic domains and
even reverse the magnetization of thin magnetic films with exceptional speed and
accuracy. The ability to manipulate magnetism through light presents a myriad of
opportunities for the development of ultrafast data storage devices and high-
speed magnetic memory elements.

Another fascinating phenomenon that has emerged from femtosecond
magnetism research is that of ultrafast demagnetization. Traditionally, it was
believed that magnetization cannot be altered instantaneously due to the angular
momentum conservation principle. However, experiments have shown that under
certain conditions, the magnetization of a material can indeed change within
femtoseconds, challenging the long-held principles of magnetism. The precise
mechanisms behind this ultrafast demagnetization are still under investigation,
but its implications for future technological advancements are immense.

High harmonic generation (HHG) is another intriguing field of study that has
gained significant attention in recent years. This phenomenon occurs when
intense laser pulses are focused on a gas or solid target, resulting in the emission
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of coherent high-energy photons with frequencies that are multiples of the
incident laser frequency. This process, although seemingly simple, is remarkable
as it allows for the generation of extremely bright, ultrashort light pulses spanning
the entire electromagnetic spectrum, from X-rays to infrared.

The insights gained from studying high harmonic generation have established it
as a powerful tool for investigating the ultrafast dynamics of various physical
processes, including electron motion in atoms and solids. By capturing the rapid
response of electrons to laser pulses, scientists have unraveled complex
phenomena such as electron tunneling, charge carrier dynamics, and even
attosecond (one quintillionth of a second) timescales.

The development of high harmonic generation has also revolutionized the field of
spectroscopy, providing researchers with a highly sensitive probe to investigate
the electronic structure of materials. By analyzing the emitted high harmonic
radiation, scientists can obtain valuable information about the energy levels,
bandgaps, and electronic properties of solids, paving the way for the
development of novel materials with tailored properties.

One particularly exciting application of high harmonic generation is its potential
for attosecond science. Attosecond pulses open up a whole new realm of ultrafast
phenomena, enabling researchers to observe and control electron dynamics
within atoms and molecules with unprecedented resolution. This breakthrough
has the potential to revolutionize fields such as chemistry, biology, and materials
science, allowing for the development of new drugs, optimizing energy harvesting
devices, and understanding complex biological processes at the atomic level.

, from femtosecond magnetism to high harmonic generation, these fields of study
offer tantalizing glimpses into the underlying principles of nature and their
potential for technological advancements. The ability to manipulate and control



magnetism at the femtosecond scale has paved the way for the development of
ultrafast data storage and quantum computing. Simultaneously, high harmonic
generation has provided us with a powerful tool to explore the ultrafast dynamics
of electrons and atoms, opening up new avenues for attosecond science.
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This book, the first of this kind, provides a comprehensive to ultrafast
phenomena, covering the fundamentals of ultrafast spin and charge dynamics,
femtosecond magnetism, all-optical spin switching, and high-harmonic
generation. It covers the experimental tools, including ultrafast pump-probe
experiments, and theoretical methods including quantum chemistry and density
functional theory, both time-independent and time-dependent. The authors
explain in clear language how an ultrafast laser pulse is generated
experimentally, how it can induce rapid responses in electrons and spins in
molecules, nanostructures and solids (magnetic materials and
superconductors),and how it can create high-harmonic generation from atoms
and solids on the attosecond timescale. They also show how this field is driving
the next generation of magnetic storage devices through femtomagnetism, all-
optical spin switching in ferrimagnets and beyond, magnetic logic in magnetic
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molecules, and ultrafast intense light sources, incorporating numerous computer
programs, examples, and problems throughout, to show how the beautiful
research can be done behind the scene.

Key features:

·         Provides a clear to modern ultrafast phenomena and their applications in
physics, chemistry, materials sciences, and engineering.

·         Presents in detail how high-harmonic generation occurs in atoms and
solids.

·         Explains ultrafast demagnetization and spin switching, a new frontier for
development of faster magnetic storage devices.

·         Includes numerous worked-out examples and problems in each chapter,
with real research codes in density functional theory and quantum chemical
calculations provided in the chapters and in the Appendices.

This book is intended for undergraduate and graduate students, researchers in
physics, chemistry, biology, materials sciences, and engineering.
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