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Two UCSB professors selected by the
Gordon and Betty Moore Foundation
to be Experimental Physics
Investigators

UC Santa Barbara professors Andrew Jayich and Jon Schuller have been selected by
the Gordon and Betty Moore Foundation to be part of the 2024 cohort of
Experimental Physics Investigators. They join 17 other mid-career researchers from
around the country, each receiving a five-year, $1.25 million grant to pursue
research goals.

“This initiative is designed to support novel and potentially high-payoff projects that
will advance the field of physics but might be hard to fund through traditional
funding sources,” said Theodore Hodapp, program director for the initiative. “Via an
open call for proposals, we have lowered the barriers for researchers from a wide
range of institutions and experiences to apply. We are delighted with the variety of
ideas and projects this year’s cohort represents.”

“I congratulate Andrew Jayich and Jonathan Schuller on this impressive award from
the Moore Foundation,” said Pierre Wiltzius, UCSB’s Susan and Bruce Worster Dean
of Science. “This funding, which can be difficult to secure from traditional sources,
will provide meaningful support as they investigate essential questions of what the
nature of our physical world is.”
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“The simplest way to boil down the question we’re trying to address is: Why is
everything around us composed of matter?” said Jayich, a physics professor. During
the time of the Big Bang almost 14 billion years ago, he explained, equal amounts of
matter and antimatter were produced, which ought to have annihilated each other,
leaving nothing behind except light. “But somehow there ended up being a bit more
matter than antimatter,” he said, which constitutes our visible universe.

This imbalance implies a violation of a principle called time-reversal (T) symmetry or
T-symmetry, which states that the rules of physics are the same regardless whether
time is going forward or backward, Jayich said. According to T-symmetry, one can
predict from a state of a system at one time the state of the system at another time.
Had there been no T-symmetry violation, Jayich said, there would be nothing left
over, just light.  And the best theory of particle physics — the Standard Model —
can’t explain the equal production of matter and antimatter particles at the very
beginning of the universe to the remaining mass that exists.

“And so, the key is to look for new particles and interactions that break time reversal
symmetry,” he said. “And we can do that by looking at an electron really carefully.”

The plan is to use defects in a solid — irregularities and imperfections in the
otherwise uniform arrangement of atoms and molecules in a crystal — to study the
electron, Jayich said.  In particular, his research group will look for the electron’s
permanent electric dipole moment (EDM), a distribution of the electron’s charge
where the top is a bit more positive than the bottom, which could occur if particles
appear nearby and interact with it.

“All the matter around us is continuously getting ‘dressed’ by particles,” Jayich
explained. “They’re popping in and out of the vacuum. So, we can use that to tease
out the presence of these new particles.” Using the solid-state approach would allow
for many atomic defects in the crystal to search for the electron EDM, leading to
great sensitivity; and the experiment is relatively simple, so it would take less effort
to hold the system together.

If the team finds an electron EDM, it could indicate the presence of new fundamental
particles that could help explain the matter-antimatter symmetry problem. But, even
if they don’t detect new particles, a more precise measurement will allow for a
better grip on one of physics’ biggest mysteries.



“This field of EDM searches can help guide theoretical physicists working on new
theories to explain mysteries such as the matter-antimatter asymmetry,” he said.
“The Moore EPI award will allow the group to pursue this exciting new research
direction.”

“On behalf of the College of Engineering, we congratulate Professor Schuller and
Professor Jayich on being named Moore Investigators,” said Umesh Mishra, dean of
the College of Engineering. “We are thrilled that the Gordon and Betty Moore
Foundation has recognized the potential transformative impact of these two
researchers and their leading-edge work on fundamental aspects of matter.”

Schuller’s work focuses on interactions between light and matter. Specifically, when
light hits a material, there are different possibilities for interaction, depending on the
properties of both the material and the light. Some of the most readily observed
tend to be in the realm of linear interactions, such as reflection and diffraction.

“A linear light-matter interaction basically means it’s an interaction that involves
only one photon at a time,” said Schuller, a professor in UCSB’s Electrical and
Computer Engineering (ECE) Department. “So you absorb one photon or you emit
one photon.” Nonlinear light-matter interactions, meanwhile, result in changes to the
properties of the light after it interacts with the material. It may change in intensity,
perhaps, or color, and may involve two or more photons at a time. These
interactions are often driven in applications such as imaging, telecommunications
and photonics.

 In addition, Schuller explained, although light is an electromagnetic wave, with both
electric and magnetic fields, light-matter interactions are generally assumed to be
driven solely by the electric field, leaving the magnetic field untouched. “We treat
materials within what’s called the electric dipole approximation,” a method for
predicting how light would interact with the atoms or molecules of the material.

Recently, however, Schuller’s lab has tapped into the magnetic component.

“We recently discovered a very unusual, truly unique magnetic dipole mediated
light-matter interaction,” he said. “This is where the magnetic field component of
light is being absorbed, or in the time-reverse process, emitting light through these
magnetic dipoles.” Using a material structure called a perovskite, they were able to
coax unprecedented interactions with the magnetic field.



So far, what they have demonstrated with the magnetic dipole mediated interactions
fall into the realm of linear interactions — photon in, photon out. But what Schuller is
interested in is exploring the nonlinear interaction realm.

“We’re trying to discover, based on what we’ve seen before, new types of nonlinear
interactions that are driven by the magnetic field,” he said, adding that there’s as
much energy in the magnetic field as there is in the electric field.

Part of what makes this work particularly enticing for Schuller is that the interaction
they discovered is forbidden by symmetry. The distortion of the light when it
interacts with the material breaks that symmetry, he explained, which is why they
were able to see it. Which begs the question: Are there other material classes where
these “forbidden” interactions might also be possible?

To investigate this and other questions, Schuller and his team will be developing a
specialized spectroscopy apparatus to control and measure the energy and
momentum of the photons that interact with the material as well as the ones that
are generated due to the interaction. This instrument will also allow them to
investigate magnetic field nonlinearities, and peer into other materials that may
harbor this new class of interactions.

The impact of this work could be tremendous, from a new fundamental
understanding of light-matter interactions with the relatively unexplored magnetic
field, to applications that use findings from this work to create new optics material
systems and technologies.

“I'm very grateful to the Gordon and Betty Moore Foundation for their generous
support, which comes at a very pivotal stage of my career,” Schuller said. “The
duration and level of support greatly surpass what is available from conventional
funding sources, allowing my group to tackle exciting new research explorations.”
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About UC Santa Barbara

The University of California, Santa Barbara is a leading research institution that also
provides a comprehensive liberal arts learning experience. Our academic community
of faculty, students, and staff is characterized by a culture of interdisciplinary
collaboration that is responsive to the needs of our multicultural and global society.
All of this takes place within a living and learning environment like no other, as we
draw inspiration from the beauty and resources of our extraordinary location at the
edge of the Pacific Ocean.


