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UC Santa Barbara quantum scientists
to conduct NSF-funded research to
pursue quantum-scale sensor
technologies

At the atomic and subatomic scales exist behaviors that have vast potential to
enhance how we see and interact with the world, by improving current technologies
and potentially giving rise to new ones. The main advantage to be gained from the
realm of quantum sensing is its extreme sensitivity and accuracy, able to capture
the faintest of signals and measure at the smallest of scales.

Now, several UC Santa Barbara researchers are poised to deploy their expertise in
quantum science as part of the U.S. National Science Foundation’s (NSF) program
Quantum Sensing Challenges for Transformational Advances in Quantum Systems
(QuSeC-TAQS). They join a cohort of 18 research teams at universities across the
U.S. backed by a $29 million investment from NSF to explore ways to harness the
infinitesimal and sometimes counterintuitive quantum-scale properties of nature to
create opportunities at the human scale.

The teams will each receive $1 million to $2 million over four years to conduct a
broad range of exploratory research activities. The potential impacts are diverse,
from the ability to sense gravitational waves as they ripple across space, to a means
for witnessing the inner functions of living cells.
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“For decades, scientific exploration at the quantum scale has yielded surprising
discoveries about how our universe works — and tantalizing possibilities for
quantum enabled technologies,” said NSF Director Sethuraman Panchanathan. “We
are now taking the next step in quantum research through these projects and
others, which combine fundamental research with potential applications that can
positively impact our lives, our economic prosperity and our competitiveness as a
nation.”

A quantum-enhanced optical magnetometer: Galan Moody and Paolo
Pintus

As the name suggests, a magnetometer measures a magnetic field, and in doing so
provides important information about targets in relationship to that field. A compass
is a simple such device, revealing information about one’s direction relative to the
Earth’s magnetic field. Scientists continue to leverage the elegant power of that
technology in a growing list of applications, from archaeology to space exploration.

Electrical and computer engineering Professor Galan Moody and scientist Paolo
Pintus aim to bring the high precision of quantum sensing to magnetometry, and
build it all onto a chip. Think about LIGO, the laser interferometer that in 2015
detected the slightest of undulations generated by gravitational waves originating
1.3 billion light years away. The team will build an analogous interferometer
experiment on a semiconductor chip that, rather than gravitational waves, can
detect the slightest variations in magnetic fields.

“Instead of kilometer-scale detectors, we have millimeter-scale detectors,” said
Pintus, who specializes in integrated optics. Their proposed photonic integrated
magneto-optic interferometer would be unprecedented in its sensitivity — a 10-time
enhancement beyond the standard quantum limit — built into a compact, energy
efficient device that can be used for detecting minute magnetic fields with
applications for navigation, geosciences and biomedicine, as well as space
exploration.

Key to this novel, low-SWaP (size, weight and power) device is the use of quantum
light. “We can build on decades of research and development to make magneto-
optical sensors that don’t require any other bulky instrumentation, making them
compact and portable,” said Moody, whose expertise lies in quantum photonics.
“Usually, these sensors are powered by lasers, but there’s a limit to their sensitivity.



Instead, by using squeezed light — a special kind of quantum light source that’s less
noisy than a laser — we can go beyond this limit.”

Using squeezed light enables very precise measurements of the light waves’ phase
in relationship to the target while also reducing the noise that could easily obscure
high-precision measurements.

As part of the project, and in collaboration with partners at University of Cagliari in
Italy and Professor Caroline Ross at Massachusetts Institute of Technology (MIT), the
team intends to bring on a postdoctoral fellow to assist with research and education.
They will also collaborate with colleagues at NASA, Luna Innovations and Raytheon.

“We also would like to spread the knowledge about quantum sciences to a broader
audience,” Pintus commented, “for both outreach and for teaching classes within the
UCSB and MIT programs.” At MIT, the research team led by Ross will focus on
developing materials that could host the desired qualities of sensitivity and low-
power consumption, while Moody and Pintus will work on embedding squeezed light
and fabrication of the actual chip, respectively, using that material.

Novel quantum algorithms for optical atomic clocks: Andrew Jayich

Optical atomic clocks are the gold standard for timekeeping; their ability to measure
time at exceedingly fine intervals makes them the most precise instruments ever
made. Based on the oscillations of light at the high frequencies corresponding to
atomic transitions, such clocks “tick” much faster than conventional atomic clocks,
which operate at microwave frequencies, and are poised to improve timekeeping
and synchronization across many applications while enabling new ones.

To continue developing the potential of these ultraprecise clocks, UC Santa Barbara
physics professor Andrew Jayich, alongside Kenneth Brown (Duke University),
Shimon Kolkowitz (UC Berkeley), David Leibrandt (UCLA) and Marianna Safronova
(University of Delaware) aim to realize new quantum algorithms for networks of
optical clocks. These algorithms could enable the use of the optical clocks as
sensors, turning to their exceptionally fine measurement capabilities to pick up the
faintest signals from the universe.

“Roughly, atomic clocks have used the same algorithm since their inception,” said
Jayich, whose research specialty lies in precision measurement with atoms and



molecules. “And we want to explore new opportunities by running them with more
advanced algorithms, based largely on developments in quantum information
science over the last couple of decades.”

Using tools developed for quantum information science, the team intends to develop
algorithms to optimize optical atomic clocks for sensing applications. They are
aiming to maximize the clocks’ sensitivities to specific phenomena, such as
gravitational waves or dark matter, while minimizing sensitivity to sources of noise.
The algorithmic work could also help to reduce their size, weight and power
requirements, which could help to realize transportable optical clocks. The project
will train undergraduate and graduate students and and postdoctoral scholars in the
interdisciplinary research at the forefront of quantum metrology, as well as conduct
outreach to high school students to introduce them to optical clocks and precision
measurement.

UC Santa Barbara researchers will also be participating in quantum sensing projects
led by other universities, including:

Compact and robust quantum atomic sensors for timekeeping and inertial
sensing: Dan Blumenthal

What makes quantum sensors ideal — their amazing sensitivity — also makes them
vulnerable to the noise brought on by temperatures and electromagnetic fields.
Electrical and computer engineering Distinguished Professor Daniel Blumenthal will
work to overcome these hurdles alongside colleagues at University of Wisconsin-
Madison (UW-Madison). Led by UW-Madison electrical and computer engineering
Professor Jennifer Choy, the team also includes UW Professors Mikhail Kats, Mark
Saffman and Swamit Tannu.

The quantum sensor of choice? Cold atoms. When atoms are cooled to almost
absolute zero, they take on certain quantum properties; the challenge for the team
is to enable cold-atom sensors that are not only compact, but also portable and
robust to the environment, using photonic integration technologies developed in the
Blumenthal lab at UCSB.

“We are excited to apply our state of the art ultra-low loss silicon nitride photonic
integration platform to this research,” said Blumenthal, whose expertise lies in
visible light high-performance photonics, ultra-narrow linewidth lasers and



integration of cold atom and quantum sensing and computing systems. “In our lab
we will be applying our complimentary metal-oxide-semiconductor (CMOS) foundry-
compatible silicon nitride platform to design, fabricate and test ultra-narrow
linewidth lasers, on chip reference cavities, and photonic circuits for cooling and
trapping rubidium atoms and demonstrate functions needed to miniaturize an
inertially sensitive cold-rubidium atom interferometer. We will be building on our
recent successful demonstration of photonic integration for generating cold rubidium
atoms in a 3-dimensional magneto-optical trap (3DMOT).”

To miniaturize these systems and make them more rugged, the team plans to
develop and integrate a set of photonic chip-scale hardware and algorithms,
comprising a “quantum sensor toolkit” that includes lasers and optics, optimized
quantum algorithms for sensor fusion and calibrations, and optimal leveraging of
quantum entanglement.

These sensors could be used in portable devices such as accelerometers and atomic
clocks that could be used to take measurements in harsh conditions, like outer
space or the poles, and that could guide vehicles where GPS is not available.

Quantum sensing platform for biomolecular analytics: Ania Jayich

The fascinating and formidable power of quantum sensing is about to be turned onto
an equally fascinating and formidable world: our own bodies. To do this, physicist
Ania Jayich will be deploying her expertise in the realm of nitrogen-vacancy centers
in diamond alongside colleagues at The University of Chicago, University of
Washington (UW) and UCLA. The goal? A quantum sensing platform for biomolecular
analytics.

 A nitrogen-vacancy center is a location in an otherwise perfect carbon lattice in
diamond that consists of a nitrogen atom next to an empty spot. This point defect
serves as a tiny sensor from which researchers can observe equally tiny atomic and
subatomic behaviors that are triggered in response to target conditions in cells.

“A quantum-enabled biosensor would provide finer eyes on the inner structure and
dynamics of biomolecules, ushering in a new generation of molecular-biological
assays that can detect proteins at concentrations well below current limits,” said
Jayich, whose research involves the imaging of quantum effects at the nanoscale.
Led by UChicago molecular engineering professor Peter Maurer, the team, also
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consisting of Karoly Holczer (UCLA), Stefan Stoll (UW) and Alexander High
(UChicago), aims to develop a platform that can monitor the concentration of
thousands of proteins in blood and differentiate between the multitudes of protein
binding events. In doing so, they could pave the way toward being able to predict
diseases before their clinical manifestation.

Jayich will work on developing the sensors that exhibit the necessary quantum
coherence when placed in close proximity to target biological samples. In particular,
she will focus on exploring multiple interacting and entangled sensors to reach the
sensitivity and spatial resolution necessary for the fine task of detecting proteins at
miniscule concentrations.
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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.
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