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Transforming magnetic storage might stem
from the vision of quantum

March 4 2019

Schematic of the proposed experimental setup. An intense laser pulse excites a
ferromagnetic iron monolayer and generates high-order harmonics. The
harmonic signals are collected by a camera; if the camera is spin-resolved, it can
detect signals from spin up electrons and spin down electrons. Credit: Zhange

Magnetic materials have a worldwide market share of some $50 billion
per year. A new frontier in the study of these materials,
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femtomagnetism, could lead to ultrafast magnetic storage devices that
would transform information processing technologies with storage
devices several orders of magnitude faster.

Now, researchers report a tabletop method to characterize such a faster
magnetic storage using high-harmonic generation of laser light in iron
thin films, which the researchers liken to the generation of sound waves
by striking keys on a piano.

They present their work this week at the 2019 American Physical
Society March Meeting in Boston, and one of the researchers will also
participate in a press conference describing the work. Information for
logging on to watch and ask questions remotely is included at the end of
this news release.

If you play a piano softly, the piano hammer hits a string generating a
sound with a particular fundamental frequency, lead researcher, Guoping
Zhang, explained, but if you hit harder, tone quality changes from bass
to treble. "In the bass region, there are 50 to 60 times the fundamental
frequency or 50 to 60 harmonics," he said. "In our work, we essentially
do the same thing with light, converting a single frequency to many,
many multiples of the light frequency, or high harmonics."

"There are lots of nonmagnetic materials that can produce high
harmonics," said Zhang, who is a professor of physics at Indiana State
University. "The significance of our work is to extend the concept of
high harmonics into technologically important magnetic materials."

The method measures how electrons move, or spin, under the influence
of a strong laser pulse on a quadrillionth-of-a-second time scale. There
are many ways to measure magnetic properties of a sample, Zhang said,
but the majority lack the capability to resolve the quantum mechanical
spins which are at the center of spintronics.
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"The novelty of our method, which was never known before, is that we
can directly detect the spin signal," Zhang said. "This signal is crucial
and 1s at the core of spin-based technology."

What's more, Zhang said, "researchers often rely on very large facilities
to perform necessary measurements. High harmonic generation from Fe
thin films is a tabletop experiment; thus it is more accessible to many
groups."

"Our work was inspired by several pioneering works before us," Zhang
said. The first is femtomagnetism where an ultrafast laser pulse, instead
of a magnetic field, can be used to demagnetize a sample. The second is
high harmonic generation research in other materials.

"We combined these two fields together," Zhang said. "In the future we
plan to examine much more complicated but technologically important
materials with complicated spin textures difficult to investigate with
other techniques."

Zhang says the group's work has the same vision as quantum technology
in its use of electron spin to carry information, but is more practical
because it originates from magnetic storage ideas. "Our present work
will provide a way to characterize these quantum bits," he said.

More information: The 2019 APS March Meeting presentation "High
harmonic generation in ferromagnetic thin films as a tool to probe spin
and charge dynamics," by Guoping Zhang, Mingsu Si, Mitsuko
Murakami, Yihua Bai and Thomas F. George, will take place Monday,
March 4, at 3:30 p.m. in room 209 of the Boston Convention and
Exhibition Center. Abstract:
meetings.aps.org/Meeting/MAR19/Session/C41.4
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