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Kernel Flow takes neuroimaging 
out of the lab and into society
Ryan Field will tell the BiOS Hot Topics audience how 
advances in optics hardware are creating the first 
commercially viable functional neuroimaging applications.
Non-invasive neuroimaging techniques 
are established elements of diagnosis and 
therapy — but not of everyday clinical care. 
Although functional magnetic resonance 
imaging (fMRI) and electroencephalography 
(EEG) are primary ways to visualize brain 
activity, neither of them could realistically 
be called low-cost compact instrumental 
platforms, and both require operators with 

a suitable level of training in their use.
This landscape may now be changing 

courtesy of functional near-infrared spec-
troscopy (fNIRS), in which near-IR illumi-
nation is used to monitor hemodynamics 
as a way to measure brain activity. The 
technique was one of two optical technol-
ogies, the other being diffuse correlation 
spectroscopy, identified by a 2022 report 
in SPIE Neurophotonics as being all set 
to make a major impact in human brain 
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Tackling the complex, multifaceted 
puzzles presented by fusion energy
Ahmed Diallo discusses the 
present and future impact of 
carbon-free primary energy.

“If we’re talking about making a real impact 
on the world, fusion energy could be a 
game-changer,” says Ahmed Diallo, program 
director for the Advanced Research Projects 
Agency-Energy (ARPA-E). “Fusion energy 
is essentially the universe’s natural power 
plant: it’s the same process that lights up 

the stars and our sun, and it promises a vast 
supply of carbon-free energy.”

The sun takes elements like hydrogen 
and fuses them together under extreme 
conditions to release a massive amount of 
energy. Diallo’s team at ARPA-E is trying 
to replicate this stellar performance in the 
lab by creating the right conditions — a vac-
uum, like that of space, super-high heat, 
and a way to keep that scorching “soup” in 
place long enough to harness energy from 
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Ahmed Diallo, program director for the 
Advanced Research Projects Agency-Energy. 
Credit: Michael Livingston, PPPL.continued on page 04

For the full schedule, see the technical 
program and exhibition guide or download the 
SPIE Conferences app. Some events require 
registration. 

Kernel has developed a head-worn time-
domain fNIRS (TD-fNIRS) spectroscopy 
system named Kernel Flow. Credit: Kernel. continued on page 03
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Welcome to Photonics West 2024
I am excited to say this year will be the larg-
est Photonics West of all time, and I look 
forward to welcoming you all back to the 
Moscone Center for the greatest event in 
photonics. And our field consistently shows 
— in numerous ways — how it enables the 
most impactful technologies of our era.

Once again, we saw photonics being 
honored with Nobel prize announce-
ments in November of last year, with 
Nobels in both physics and chemistry 
being awarded to researchers in our com-
munity for generating attosecond light 
pulses and the discovery and synthesis 
of quantum dots, respectively. The US, 
Europe, and Asia are all investing heavily 
in semiconductor manufacturing, quan-
tum technologies, and materials research 
– all leveraging and requiring continued 
advancements in optics and photonics. 
Telescopes and space exploration are once 
again capturing the minds of both young 
and old, and countries across the globe 
have reinvigorated or started programs 
to leave Earth’s orbit. Smartphones and 
wearables are commonplace, more pow-
erful due to optics and photonics tech-
nologies. We find examples of photonics 
impacting our lives everywhere we look, 
and the impact is growing.

This increase in applications and 
awareness is helping our industry stay 
strong and vibrant in an increasingly 

unpredictable economy and business 
environment. SPIE has seen record 
demand for our exhibits, our member-
ship is at its largest in history, and our 
Digital Library has exceeded 600,000 
pieces of content – all signs showing a 
healthy and growing optics and photonics 
community. What’s more, the SPIE Global 
Industry Report, which will be released 
at our new Global Business Forum on 
Monday of Photonics West, shows that 
photonics-enabled products and ser-
vices account for $16 trillion annually, 
or more than 15% of the global GDP! I’d 
say photonics (read: you, Photonics West 
attendee) is making an impact!

Photonics West is the best place to 
experience that impact firsthand and 
deepen your engagement with the broader 
community and industry. Whether you 
are searching for a supplier for a crucial 
component of your optical system, hoping 
to find an investor for your new biopho-
tonic diagnostic tool, trying to take the 
next step in your career, or trying to solve 
a complex problem from your lab, you can 
be successful wandering the exhibit halls 
or conference rooms and striking up con-
versations at Photonics West.

This year’s exhibits — now four — 
will take up 15% more space than last 
year and are once again sold out. They 
include nearly 1,600 booths representing 

companies f rom 
more than 35 coun-
tries! Combined with 
the AR|VR|MR con-
ference, which your 
paid Photonics West 
badge gives access to, 
there are over 5000 
technical presenta-
tions and attendees 
from over 70 coun-
tries. This week 
will be packed with 
things to do, people 
to meet or reconnect 
with, and companies 
and products to interact with.

Among the many new offerings this 
year are the Quantum West Expo and 
the Quantum West Business Summit, 
further bolstering the growing Quantum 
West conferences, which include over 350 
presentations. Additionally, the Quantum 
West plenaries feature some of the bright-
est minds in quantum computing, atomic 
clocks, and quantum biology to comple-
ment the other 20 plenary presentations 
happening throughout the week.

I invite each of you to actively partici-
pate and engage wholeheartedly; whether 
you’re a seasoned veteran in the field or 
a newcomer eager to absorb the wealth 
of knowledge around you, your unique 

perspective adds 
value to the vibrant 
mosaic of our com-
munity. Take advan-
tage of the numerous 
networking oppor-
tunities scattered 
throughout the event. 
Engage in conversa-
tions during coffee 
breaks, exchange 
ideas in the bus-
tling exhibition hall, 
and participate in 
the social events 
designed to foster 
connections. You 
never know where a 

chance encounter might lead — a partner-
ship, a collaborative project, or even a life-
long friendship. The collaborative spirit 
of Photonics West is not just about the 
present; it’s about planting the seeds for 
your career successes while also ensur-
ing photonics will continue to have an 
increasingly profound impact.

I hope your time at Photonics West is 
filled with enlightening conversations, 
innovative discoveries, and lasting con-
nections. Here’s to a conference that not 
only informs but inspires, and to the 
shared journey of pushing the boundaries 
of what’s possible in photonics. 

And yes, the dog park will be back.
KENT ROCHFORD

imaging. “The fNIRS technique has opened doors to 
explore unanswered questions in several fields, ranging 
from neurodevelopment to social and cognitive sciences 
to populations that are hard to assess with more con-
ventional neuroimaging techniques like MRI,” wrote 

the SPIE authors.
Ryan Field, CEO and 

CTO of neurotechnology 
developer Kernel, agrees. 
Founded in 2016, the 
California company has 
developed a head-worn 
t ime- domain f NIR S 
(TD-fNIRS) spectroscopy 
system named Kernel 
Flow, which could see the 
technology enter the con-
sumer space to solve a pair 
of pressing societal health 
challenges. Field will be 
discussing the device and 
its impact in the BiOS Hot 

Topics Plenary Session. Kernel Flow earned its place in 
the session by virtue of having the most highly cited 
paper published in the Journal of Biomedical Optics 
in 2022

“Kernel started from the idea of building neuroim-
aging products that are targeted at consumers; devices 
that you can potentially buy and use in your home,” said 
Field. “As we went through development, we identified 

that TD-fNIRS was an interesting route to low cost 
neuroimaging. The technology offers a way to record 
neural activity in the visual cortex, frontal cortex and 
motor cortex of the brain. And if technically it might 
record perhaps 80 percent of the functional measures 
that a full fMRI investigation would, it can do so at about 
20 percent of the cost and complexity.”

Neuroimaging modules you can 
hold in your hand
Development of the Flow device was partly facilitated 
by recent strides in consumer electronics, as well as 
progress in the lidar sector where Field has previous 
experience. The advanced sources and detectors now 
used in platforms such as the iPhone and in automotive 
sensing are built on breakthroughs in components and 
integration that Kernel has now mapped onto its own 
requirements, while designing a successful TD-fNIRS 
device intended specifically for imaging of the brain.

“Our initial Flow1 platform was built with off-the-shelf 
components, and the system involved several boxes of 
equipment and a table-top of space,” commented Field. 
“But for the current Flow2 device all the hardware is 
proprietary. Kernel now uses custom sensing chips that 
we have designed and manufactured working with a 
commercial CMOS foundry, custom laser drivers, and 
our own firmware and control algorithms to make sense 
of the brain activity. As a result the technology is now 
contained in a module you can hold in your hand.”

The objectives of the company have also shifted, from 
an initial goal of devices for any users who wished to 

image neural activity, to a current focus on two specific 
clinical research uses where more readily available neu-
roimaging could have a dramatic impact for patients.

One of these is the monitoring and treatment of 
depression, including the evaluation of available thera-
pies to determine which are the best and most effective 
for different patients. The other application is the early 
detection of cognitive decline, to spot individuals likely 
to progress to dementia, and to assess treatments for 
conditions such as Alzheimer’s disease.

“Around 300 million people suffer from depression 
and tens of millions suffer cognitive decline, and both 
numbers are growing,” noted Field. “Mental health is 
a critical and global societal challenge, and as we live 
longer it is our brains that are starting to bear the brunt. 
What can we do to maintain brain function for longer and 
extend a good quality of life? These are the areas where 
we are building products to actively help clinicians.”

The goal is for a convenient and easy to use TD-fNIRS 
system such as Flow2 to help clinicians as they hunt for 
those biomarkers already identified from fMRI as being 
predictive for depression and cognitive decline, and Field 
is confident that his platform will detect them. But the 
Flow2 platform could well reveal previously unknown 
and valuable information about neural behavior, by vir-
tue of the platform’s novel capabilities.

“Our TD-fNIRS is unique, giving us different data 
than fMRI would do,” Field commented. “We get absolute 
measures of hemoglobin concentrations, information 
about heart rate variability of the patient as they are 

Kernel Flow continued from page 01

Dr. Kent Rochford is CEO and Executive 
Director of SPIE. Credit: SPIE.

Ryan Field, CEO and CTO of 
neurotechnology developer 
Kernel. Credit: Kernel.

continued on page 04
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it. “It’s tough to do,” says Diallo, “but it’s 
also what makes it safe. If confinement 
ceases, the reaction simply stops, making 
it a potentially safer alternative to other 
forms of power.”

On 29 Jan, as part of the LASE con-
ference at SPIE Photonics West, Diallo 
will give a summary of current ARPA-E 
programs and ideas for future projects.

The mission of Energy ARPA-E is to 
advance high-impact technologies that 
have the potential to transform the energy 
industry. A key aspect is accelerating the 
development of enabling technologies 
for fusion energy regardless of the con-
cept. Diallo’s focus is on transformative 
research and development to enable 
commercial fusion energy. As program 
director, Diallo plays a critical role in 
shaping the future of energy research 
and development, driving innovation, and 
fostering collaborations that can lead to 
breakthroughs in energy technologies. 
His responsibilities include identifying 
and developing high-impact transfor-
mational energy research areas, creat-
ing funding opportunities, and evaluating 
proposals for technical merit and poten-
tial. In addition, he also manages funded 
projects, ensuring they meet objectives 
and promote collaboration among stake-
holders. He also oversees dissemination 
of knowledge, sharing project results with 
the scientific and energy communities. 
“I’m genuinely thrilled about the projects 
under my purview,” says Diallo, “espe-
cially the ones that pave the way for new 
startup ventures.”

Enriching experiences 
and experiments
Diallo joined ARPA-E in 2022 and is cur-
rently “on loan” from Princeton Plasma 
Physics Laboratory (PPPL) where for the 
last 14 years he has served as a princi-
pal research physicist and head of the 
Advanced Diagnostics Development 
Division.  “I hold a special fondness for a 
multitude of projects that I had the privi-
lege to contribute to at PPPL,” says Diallo. 
“Notably, in 2010, I was deeply involved 
with PPPL’s flagship project, the National 

Spherical Torus Experiment (NSTX).”
His time at PPPL was particularly 

enriching as he collaborated on a variety 
of fusion devices across the US and inter-
nationally. This exposure proved instru-
mental in broadening his experience and 
professional growth. The PPPL years also 
presented the invaluable opportunity to 
work alongside a host of talented scientists, 
engineers, and students — a more personal 
facet of Diallo’s career that he cherishes 
deeply. “As I look back, it’s clear that these 
experiences didn’t just shape my profes-
sional trajectory, they also enriched my 
collaborative spirit and technical acumen.”

A profound journey 
through education
Seeking to solve the world’s energy prob-
lems has led Diallo around the world, an 
experience he began early on. A native 
of Burkina Faso, he earned his Diplôme 
d’Etudes Universitaires Générale from 
the University of Ouagadougou (UO); he 
received BS and PhD degrees from the 
University of Montana and the University 
of Iowa respectively.

Some of his early experiences include 
serving as a Research Fellow at the 
Australian National University, where 
he co-developed and installed imaging 
polarization interferometers to perform 
proof-of-principle of 2D magnetic field 
pitch angle and flow measurements on 
fusion devices. As a post-doc at the Swiss 
Plasma Center (EPFL), he developed an 
antenna system to launch electrostatic 
waves in plasmas.

“Moving across continents for my edu-
cation and career has been a profound 
journey, enriching my work as a scientist 
in unexpected ways,” says Diallo. “Ini-
tially, I didn’t fully grasp the opportunity 
that lay in engaging with diverse perspec-
tives and backgrounds. However, as my 
career progressed, I recognized the depth 
it added to my professional life. Living 
and working in different parts of the 
world has broadened my understanding 
and approach to scientific challenges, par-
ticularly in fusion energy, a field inher-
ently dependent on collaboration. These 
experiences have not only been personally 

gratifying but have also honed my ability 
to collaborate effectively across various 
cultural and disciplinary boundaries.”

In Burkina Faso, Diallo’s early interest 
in science steered him towards studying 
math and physics at UO, where he was 
introduced to plasma, a fourth state of 
matter that encompasses 99% of the vis-
ible universe. His education in the US 
catalyzed his fascination with fusion 
energy. While still an undergraduate, he 
delved further into the subject during a 
research internship at PPPL where he rec-
ognized its potential as a carbon-free and 
abundant source of primary energy. “This 
was particularly resonant for me, given 
Burkina Faso’s critical energy needs,” says 
Diallo. “The prospect of contributing to 
fusion energy both as a researcher and 
as a program director with such trans-
formative potential for the world at large 
is immensely fulfilling.”

Support for a 
multifaceted career
In 2020, Diallo was named a PPPL Distin-
guished Research Fellow for “his ground-
breaking studies of tokamak edge plasma 
dynamics and his development and utili-
zation of novel plasma diagnostics.” When 
receiving such accolades, Diallo is quick 
to point out that he’s been fortunate to 
have numerous mentors, and that their 
support gave him the space to explore 
and learn throughout his journey in life 
and in research. He adds that his family’s 
unwavering encouragement has been the 
cornerstone of his resilience and adapt-
ability, especially as he has traveled across 
continents. “Their support during these 
transitions and choices has been noth-
ing short of extraordinary, fortifying my 
resolve and enabling me to embrace each 
new chapter with confidence,” says Diallo.

Diallo has transformed these experi-
ences into his own mentorship of others. At 
PPPL, he served as a mentor to numerous 
students doing hands-on research through 
the US Department of Energy’s Summer 
Undergraduate Laboratory Internship 
program, and today, mentorship plays a 
central role in his professional philoso-
phy. “I am committed to guiding students 

and early career scientists, a responsibility 
I view as central to cultivating the next 
wave of innovators,” says Diallo. “Through 
mentoring, I aim to impart more than 
knowledge — my goal is to influence their 
holistic development, empowering them to 
navigate both their careers and lives with a 
sense of purpose and capability. It’s a way 
to invest in the future by equipping the 
emerging generation with the tools and 
wisdom to excel and, in turn, inspire them 
to continue this legacy of mentorship.”

The future of fusion energy
As many researchers can attest, the journey 
from idea to working product isn’t always 
smooth. One of the obstacles Diallo has 
come across in his work is the concept of 
successful storytelling — getting your idea 
or theory across to those who are providing 
funding or experimental facility. “Your idea 
may not be accepted immediately,” says 
Diallo. “You may have to go through mul-
tiple staff, convincing several people along 
the way. This can add unnecessary delays 
in a project with otherwise good ideas.” 
Diallo adds that while the concept of get-
ting your ideas across through its story 
works well in the US, “that’s not what I 
grew up with. I’ve had to learn this “sto-
rytelling bit” along the way.” He notes 
that you may have a great idea, but not be 
able to make others understand its value. 
Sometimes you need someone who can 
take the seed of your idea and wrap a story 
around it.

Fusion energy is just too important a 
subject to get lost in the shuffle of expla-
nations. Diallo remains steadfast in his 
belief that fusion energy stands as the 
pinnacle of sustainable primary energy 
solutions, with the potential to furnish 
humanity with a boundless, carbon-free 
power supply. His aspiration is to see a 
concerted global effort converging to 
address the intricate challenges of fusion 
energy by accelerating the development 
and deployment of fusion energy plants 
within the next decade. “This unified 
approach would mark a monumental 
stride towards an era of clean energy 
prosperity,” says Diallo.

KAREN THOMAS

Diallo continued from page 01

measured, and we can easily track people 
longitudinally over time. It is not practical 
to receive a fMRI scan every time you see 
a doctor, but an examination with Kernel 
Flow2 could take place during each visit. 
This ability to gather a lot more data about 
individual patients will drive discovery of 
additional biomarkers that could not be 
identified with other tools.”

Kernel is now starting to bring the 
Flow2 device to the medical research 
space, and is collaborating with clinical 

partners on observational studies and the 
gathering of data from patients.

“We have built a technology that has 
never existed in this form before, enabling 
the scientific community to ask new ques-
tions,” said Field. “Functional brain imag-
ing has to date had a hard time finding 
its application and its market. Success 
for Kernel will be finding that first really 
big market, and demonstrating that func-
tional neuroimaging has a place in society 
as well as in research labs.”

TIM HAYES

Kernel Flow continued from page 03

Kernel Flow Flow2 helmet. Credit: Kernel.
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SPIE expands its journal portfolio 
across biomedical and translational 
optics with Biophotonics Discovery
Helmed by Editor-in-Chief Darren Roblyer, the Gold Open Access publication 
will encompass a wide array of topics, complementing the annual BiOS conference 
at SPIE Photonics West.

Biophotonics Discovery will augment the 
existing SPIE portfolio of peer-reviewed 
biomedical journals. Drawing from the 
wealth of topics covered at BiOS, the 
new journal will highlight novel and 
emerging biophotonics technologies and 
their impacts on basic and clinical sci-
ence as well as medicine. “We’re going 
to be focused on the realized potential 
of technologies that are being developed 
by our community,” says Editor-in-Chief 
Darren Roblyer, an associate professor of 
biomedical engineering at Boston Univer-
sity. “People who are developing methods 
and techniques, they might publish that 
research in SPIE’s Journal of Biomedical 
Optics. But if your work is focused on bio-
photonic applications, and if you’re taking 
that technology, modifying it, and then 
using it to explore discoveries in basic 
science or trying to tackle an unmet clin-
ical need — if you’re using this technique 
clinically for an application that could 
change healthcare — those are the types 
of reports and manuscripts that we’re 
looking for.” For the journal’s inaugural 
year, open-access fees will be waived for 
all submissions.

In part, SPIE is launching Biophoton-
ics Discovery to provide a peer-reviewed 
outlet for the extensive range of innova-
tive research presented at the Photon-
ics West BiOS Symposium each year. 

Biophotonics Discovery, like all SPIE 
journals, will support the transition of 
conference proceedings to an expanded 
journal manuscript.

The publication also complements 
the Society’s other biomedical journals: 
the Journal of Biomedical Optics, which 
focuses primarily on optical device 
development; the Journal of Medical 
Imaging, which publishes research on 
medical imaging related applications; 
and Neurophotonics, with its focus on 
neuroscience-related optical technology. 
Biophotonics Discovery will cover the 
entire breadth of BiOS topics, including 
the more application-specific confer-
ences. In doing so, it follows a very suc-
cessful model established by SPIE jour-
nals such as the Journal of Astronomical 
Telescopes, Instruments, and Systems 
and Journal of Medical Imaging, both 
of which are well-supported by their 
research communities and were born 
from conference programs.

But Biophotonics Discovery will also 
implement new elements of its own. As 
well as the usual advisory board and 
teams of deputy editors and associate edi-
tors, Roblyer is appointing an early career 
editorial board. “This is something that is 
different to other journals in the biopho-
tonics field,” notes Roblyer. “These are 
people who we think are going to be the 

next assistant professors, the next inde-
pendent investigators in the field. They’re 
going to be still in training — typically as 
postdocs or research staff members in a 
lab — but they will have their names on 
the journal and will be providing us with 
feedback on the content. We’re going to 
keep our eye on them; they are who we 
consider to be the next stars. And as they 
pursue their own independent research 
careers, if they’re interested in being asso-
ciate editors, they’re going to be very high 
on our list of people to consider.”

In developing this approach, Roblyer 
had the critical input and backing of 2022 
SPIE President Anita Mahadevan-Jansen, 
widely recognized for her proactive 
support of students and early-career 
researchers. “She is one of the journal’s 
senior editorial advisors,” says Roblyer. 
“Anita is the first person in my Rolodex 
in terms of coming up with ideas. And she 
really pushed this idea, that we should 
include postdocs early in their career. 
This is a different idea for this journal 
that I’m really excited about.”

Another new element Roblyer points 
to is a requirement for open data. 
In support of SPIE’s commitment to 
open-access science, he says, each author 
will be required to share any data nec-
essary to replicate the study’s findings. 
“Aside from the fact that we see this com-
ing down the pipeline — funders like the 
NIH and others are starting to mandate 
this as a requirement when you submit 
grant proposals — this will allow others 
to better leverage and build on the work 
we publish,” he says. It will encourage 
rigor, right, and reproducibility, as well 
as an enhanced process to help alleviate 
possibilities of plagiarism.

“I think this journal fits in a very large 
niche that hasn’t been fulfilled by the 
community yet,” says Roblyer. “A lot of 
these basic-science discoveries in clin-
ical translation end up in journals out-
side our field that are run by for-profit 
publishers. I’d like to bring that research 
directly to our community. SPIE helps 
our biophotonics community by running 
conferences, by providing opportunities 
for leadership and mentorship. So rather 
than giving this research away, I say, let’s 
keep this in-house — that’s a major vision 
and goal of the journal. I hope that some 
of the most exciting discoveries in trans-
lational research show up in this journal 
over the next few years, and I’m pretty 
confident they will.”

DANEET STEFFENS
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Bringing brain imaging up to 
laser-speckle speed
The $75,000 SPIE-Franz Hillenkamp Postdoctoral Fellowship will fund 
the development of Simon Mahler’s multi-channel brain-imaging device

It was a particular aspect of his doctoral work in nonlin-
ear optics that led Simon Mahler to his current position 
in Changhuei Yang’s Biophotonics Lab at Caltech. “For 
my PhD at the Weizmann Institute, I was studying the 
synchronization of coupled lasers,” says Mahler. “Part of 
that was studying laser speckles so that I could generate 
a clean laser beam.” If you want to synchronize a large 
group of lasers, he explains, they have to be of uniform 
phase, a key element for intensity modulation. “As a side 
project, I was studying laser speckles to improve the 
quality of the laser beams,” says Mahler, “and somehow, 
while I was studying speckles, I discovered more and 
more about them, and that small project became bigger 
and bigger.” By the end of his PhD in 2021, Mahler had 
spent nearly half of his time studying speckles in order 
to generate clean laser beams and manipulate them. 
“Then I found out that you can use speckles to image 
bio samples,” he says. “And I thought, ‘That sounds very 
interesting.’” That interest led to Mahler’s pivot into 
biomedical optical imaging, combining photonics and 
biomedical engineering research; his role at Caltech 
with the lab’s focus on brain imaging; and high-level 
recognition: In December, Mahler’s project — designing 
a multi-channel helmet which utilizes near-infrared laser 
speckle imaging to non-invasively monitor cere-
bral blood flow in the human 
head across several locations 
simultaneously — garnered 
him the $75,000 SPIE-Franz 
Hillenkamp Postdoctoral Fel-
lowship in Problem-Driven Bio-
medical Optics and Analytics, 
an annual award that supports 
interdisciplinary research, pro-
viding opportunities for trans-
lating new technologies into 
clinical practice for improving 
human health.

Yet another benefit to 
switching his path from funda-
mental to applied research was 
seeing the results of his work 
with more immediacy. “When 
you do fundamental research,” 
Mahler says, “you often don’t 
see the real-life application before a long time; when 
you do engineering or applied research, you see the 
outcome much more quickly, so you can really see how 
and why the application is useful. It has a more imme-
diate impact.”

At the moment, the immediate impact of his 
multi-channel laser device translates to observing 
the blood flow in brains of people who have suffered 
a traumatic brain injury from, say, a car accident or a 
sports-related fall. If the accident damaged part of their 
skull, that might have required a transparent implant to 
replace a broken or missing piece. “Right now, I have two 
subjects with transparent implants on one side of their 
brain,” says Mahler. “I compare the way my laser device 

monitors blood flow through the implant and through 
the skull, looking to see if the device acts the same or 
different.” This type of blood-flow imaging, he notes, 
is important because when it comes to surgery, having 
clear information about blood flow is critical. “I really 
enjoy working on this project because it’s not only about 
being in the lab and building a device — it’s not only my 
experiment,” says Mahler. “We are also bringing people 
to the lab and scanning their brain, and I get to see if my 
device really works and how it works. It’s pretty reward-
ing to see that my research can help people.”

Interest in imaging brain blood flow is not new, and 
laser speckle imaging is just one technique alongside 
others such as MRI and ultrasound, but, as Mahler notes, 
this is a case of technology catching up to and advancing 
research. “I think the reason it became famous the last 
couple of years is because lasers can be made so cheaply 
now, and you can have such a small compact version. At 
the same time, cameras and detectors have advanced 
a lot because we use them every day, as example with 
our phones.” These recent technological advancements 
allow researchers to apply laser imaging to the brain that 
simply wasn’t possible previously, opening up exciting 
opportunities for biomedical engineers and researchers. 

“It makes it pretty competitive too,” says Mahler. 
“We are not the only ones work-
ing on this technology. But it’s 
also interesting because you 
have such a wide choice of tech-
nology to explore — there are so 
many different types of lasers 
and detectors and cameras that 
you can build your own system 
and it still will be unique.”

While his Hillenkamp fel-
lowship provides financial sup-
port, Mahler envisions many 
other transformative outcomes. 
“SPIE is so active in helping to 
develop our area of research,” 
he says. “I went to Photonics 
West last year and found out 
that I’m not alone; I found many 
other people using the same 
imaging technique, and I was 

really happy to see that. At the conference, we had a place 
to connect, to share our science, and to have ideas. This 
fellowship will help me to improve my network, and also 
to be part of the SPIE community.” Another outcome, he 
says, will benefit the global field of brain imaging using 
laser techniques: “The fellowship will provide a higher 
profile of my work and, in turn, give more exposure to 
other research. I think science research is about sharing 
ideas with each other and making them work. If you’re 
all alone, it’s hard and sometimes impossible to succeed; 
if you are with people, whether you’re collaborating or in 
competition, it drives you to engage, to work harder, and, 
ideally, to find new ways to apply your work.”

DANEET STEFFENS

Simon Mahler, Caltech. 
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Apple’s ‘star power’ heralds  
return to growth for AR — 
eventually
Analyst reports paint a mixed picture for the immediate future, 
while developers work towards mass production of novel microdisplay 
and optics technologies.

After what has been a difficult cou-
ple of years coming down from “peak 
Metaverse,” the extended reality (XR) sec-
tor received a substantial shot in the arm 
in 2023 when Apple announced details of 
its forthcoming “Vision Pro.” The launch of 
the potentially game-changing hardware 
is now imminent — although reported 
shortages of key optical components look 
set to limit shipment volumes for a while.

Even so, the wider market for XR is 
expected by one forecaster to enter a seri-
ous growth phase this year. In its June 
2023 report, analyst firm CCS Insight 
was anticipating volume shipments of 9.8 
million units in 2023 — a slightly lower 
figure than in both 2021 and 2017. For 
2024 that total was expected to jump to a 
record-breaking 16.2 million, marking the 
start of a “hockey-stick” rise towards an 
anticipated 75 million shipments — and 
a value of $40 billion — in 2027.

CCS’ Leo Gebbie, the firm’s princi-
pal analyst for connected devices, wrote 
following Apple’s initial announcement 
of the high-end headset: “Apple has the 
star power to reignite excitement about 

a technology that has struggled in recent 
times. A foray into virtual and mixed 
reality would be the biggest shift in the 
company’s strategic direction for years 
and a huge statement of intent to explore 
the next generation of computing.”

But Gebbie also pointed out that the 
launch was unlikely to move the needle 
too much in terms of global unit ship-
ments of XR devices. “Apple’s repeated 
its classic trick of taking a technology 
and making it simple, streamlined and 
accessible for everyone to use. But we 
have to remember that this really isn’t 
a mass market consumer device yet. It’s 
an ultra-premium, experimental device 
aimed at businesses, developers, and 
enthusiasts, and it may be years before an 
Apple headset truly hits the mainstream.”

Rival analyst Omdia appears to agree 
about Apple, although its more recent 
outlook — specifically for the consumer 
VR sub-market — does not sound so 
promising. In December it predicted only 
“marginal” growth through 2028, point-
ing out: “Headset sales suffered a 24% 
decline in 2023, plummeting to 7.7 million 

units from 10.1 million in 2022. Further 
declines of 13% are expected in both 2024 
and 2025, marking a challenging period 
for the VR industry before a projected 
resurgence from 2026.”

Omdia’s senior principal analyst 
George Jijiashvili added: “Amidst tech 
giants refocusing on AI, the lack of sub-
stantial investments in VR (apart from 
Meta) is set to result in a slump for the 
industry over the next two years — that’s 
despite Apple Vision Pro launching in 
2024, which will have a limited impact 
until at least 2026.”

The Vision Pro certainly features 
some optical innovations — notably twin 
micro-OLED displays featuring 23 mil-
lion pixels, Zeiss prescription inserts, 
and customized catadioptric lenses. But 
reported difficulties with the manufac-
turing yield of the displays are expected 
to restrict the number of units Apple can 
deliver in the first year of availability, pos-
sibly informing Omdia’s hesitant outlook.

A key part of the problem is that only a 
handful of companies are able to produce 
micro-OLED displays. Aside from Sony, 

key contract manufacturer Luxshare is 
one of the few to have volume capabil-
ity, with BOE Technology and SeeYa also 
rumored to have engaged with Apple.

Among the others is Grenoble, France, 
headquartered Microoled, which last year 
revealed a EUR21 million funding round 
led by Jolt Capital. Spun out from nearby 
CEA-Leti back in 2007, Microoled says 
it is perfectly positioned to cater to the 
various needs of what it calls “light AR” 
applications. The company offers a range 
of tiny but high-resolution AMOLED dis-
plays with power demands as low as 1mW.

The latest financing round is intended 
to support scaling of dual-use technol-
ogies, including the development of 
full-color, high luminance displays, as 
well as expand manufacturing capabili-
ties in Grenoble.

GaN options
Another Apple-related development has 
seen its long-time partner and iPhone 
manufacturer Foxconn agree to a strategic 
collaboration with UK-based micro-LED 
startup Porotech. The University of Cam-
bridge spin-out has a unique approach to 
the technology, thanks to its development 
of porous gallium nitride (GaN) semicon-
ductor material that can be engineered 
on silicon to emit light across the visi-
ble spectrum. If that can be scaled up 
to mass production, the result may be a 
game-changer for micro-LED displays, 
whose high costs mean they have so far 
only appeared in very high-end TVs from 
the likes of Samsung and a handful of 
other products.

In its December announcement of 
the Porotech deal, Foxconn said: “The 
micro-LED has great potential for AR 
applications, but at the same time is 

The market for micro-LEDs will grow from 
an almost negligible total today (2023) to 
just over 50 million units per year by 2030. 
Source: Omdia.

Jeonghun Ha, CTO of 2024 Prism Award 
finalist LetinAR, will present details of 
the Korean firm’s “PinTILT” technology, 
including progress towards mass 
production of injection-molded plastic 
AR waveguides. This image shows Jorjin 
smart glasses that use LetinAR’s optical 
technology. Image: LetinAR.
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quite challenging. It involves multiple 
disciplines including semiconductor 
wafer manufacturing, hybrid bonding, IC 
design, optoelectronics, quantum physics, 
and optics. Integration across these dif-
ferent fields is difficult and progress has 
been slow. In the past, no single company 
possesses such a big portfolio of expertise.

Scale-up plans
“With this partnership, we expect to 
expedite the research and productization 
of micro-LED technology and push the 
AR application to a new era. Foxconn’s 
strength in supply chain management is 
also expected to contribute at the mass 
production stage.”

Attendees at the SPIE AR|VR|MR 
conference may hear more about plans 
for scale-up during Porotech’s presenta-
tion on the firm’s “DynamicPixelTuning” 
technology for microdisplays, while the 
company is also a Prism Awards finalist 
in the AR/VR/MR category.

One of the other XR displays startups 
to secure significant investment in 2023 
was Mojo Vision, which raised nearly 
$44 million in 

support of its quantum-dot micro-LEDs. 
Like Prorotech, Mojo uses GaN mate-
rial to deliver red, green, and blue light, 
with quantum dots providing the wave-
length conversion.

Mojo is also working with waveguide 
optics developer DigiLens to integrate its 
micro-LEDs with surface relief gratings 
— something expected to “raise the bar” 
on display performance and efficiency, 
and to move AR glasses closer to volume 
production for consumer applications.

Mojo quotes Omdia figures from 
a different report suggesting that the 
market for micro-LEDs will grow from 
an almost negligible total today to just 
over 50 million units per year by 2030. 
Omdia reported that, so far, only a 
handful of companies are capable of 

mass production, implying that there 
were still some hurdles to overcome 
before micro-LEDs emerge from a few 
high-end niche applications. Both Mojo 
and Digilens are presenting at this year’s 
AR|VR|MR conference.

According to yet another recent fore-
cast, this time from IDTechX analyst Sam 
Dale, the XR display market will grow to a 
value of $4.6 billion over the next decade, 
while the equivalent future figure for XR 
optics is put at $5.1 billion.

“The specialized optics required by AR 
headsets have so far proved to be a stum-
bling block for the industry,” wrote Dale in 
a November 2023 report. “In VR headsets, 
there is rapidly growing usage of uncon-
ventional lens types to solve the deficien-
cies of the Fresnel lens architectures that 
previously dominated. For AR, an industry 
of specialized, often fabless, optics firms 
has sprung up, offering a diverse range 
of technologies to headset manufacturers 
that are just as active in this space.”

A quick glance at either Dale’s report 
or the SPIE AR|VR|MR program appears 
to confirm that view, revealing just how 

many different 

optics technologies are being pursued, 
from metamaterials and micromirror 
arrays to liquid crystals and holographic 
combiners. They include Digilens and 
Korea’s LetinAR — the two finalists com-
peting in the same category as Porotech 
in this year’s Prism Awards.

LetinAR’s “PinTILT” approach inte-
grates the pupil expansion and pupil 
forming function into a unified design, 
and is said to overcome limitations in 
thickness, size, and power consumption, 
while Digilens was shortlisted for its 
“Argo” smart glasses for enterprise appli-
cations. Porotech and LetinAR are also 
among more than 60 companies taking 
part in the AR|VR|MR Expo in Moscone 
West this week.

MIKE HATCHER

Slated to launch February 2nd, Apple’s VisionPro may help re-energise the AR sector, 
although reported shortages of its twin micro-OLED displays are expected to limit the 
headset’s impact on the overall market for some time. Photo: Apple.
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Hot Topics to showcase 
the latest in biophotonics
Ways to capture data sets that feature 
higher spatial and temporal resolution 
are also providing richer information 
content, SPIE’s BiOS Hot Topics hosts 
say. To that end, they have selected a 
blue-ribbon line-up for the 2024 Photon-
ics West program.

Topics will range from optical micros-
copy to OCT to photoacoustic imaging 
and diffuse optics. Not to mention some 
intravital spectroscopy and Raman spec-
troscopy at super-resolution. And even 
Brillouin spectroscopy.

In all, it’s “just amazing,” according to 
the co-moderator of the session, Sergio 
Fantini, interim chair of biomedical engi-
neering at Tufts University and a profes-
sor there since 1999.

In his own research, Fantini pursues 
diffuse optical imaging of tissue, with a 
focus on the study of cerebral hemody-
namics and functional imaging of the 
brain. Fantini, along with Paola Taroni 
of the Politecnico di Milano and Mari-
lyn Gorsuch of SPIE, selected speakers 
who could represent the cutting edge in 
their fields. They gathered input from the 
chairs of all the BiOS conferences, nearly 
50 of them.

“We tried to have diversity in all 
senses, by topics, gender, geography, and 
career stage,” Fantini said, putting excite-
ment and wide-ranging scope on display.

“What’s striking about this program is 
that in just about two hours you can get a 
snapshot of the entire biomedical optics 
field,” he said. “Besides ‘wide-ranging’, this 
session will be fast-paced and inspiring.”

Taroni agreed, adding that this lineup 
“goes beyond the specific field of research 
of each of us but at the same time would 
present some exciting and unexpected 
advancement, even in our own field.”

Attendees will learn about new clinical 
applications, methods of surgical guid-
ance, diagnostic techniques, and dynamic 

characterization of DNA nanostructures 
and spatially targeted RNA sequencing.

Fantini predicted strong interest in 
a common theme across the eight listed 
talks and two special presentations from 
SPIE award recipients: “It’s the quest for 
higher resolution, and for richer tempo-
ral and spatial information content of the 
data collected with various techniques.”

Speakers and topics
Listed speakers include Paul Beard of 
University College London, who is speak-
ing on “High Resolution Photoacoustic 
Imaging in Humans.”

Beard is “really a pioneer in the field 
of photoacoustic imaging and tomogra-
phy,” Taroni said. “His work covers dif-
ferent technical aspects of photoacous-
tics and contributes to the development 
of this technology, making high spatial 
resolution available for real applications 
in humans.”

“He has a wonderful track record in 
photoacoustic imaging,” Fantini added. 
“His methods employ Fabry-Perot ultra-
sound sensors, and keep in mind: these 
sensors can out-perform conventional 
piezoelectric ultra-sound sensors.”

Ben Vakoc, of the Wellman Center, 
at Massachusetts General Hospital and 
Harvard Medical School: “Circular Rang-
ing for 4-D Intraoperative OCT.”

Circular ranging in OCT involves 
acquiring images from multiple angles, 
providing enhanced 3D visualization of 
tissues. This implies complexity and high 
costs. Vakoc’s work, Taroni said, aims at 
addressing those limitations for applica-
tions in intraoperative imaging.

He will talk about his new methods 
making use of a variant of Fourier-domain 
OCT, based on a time-stepped frequency 
comb source, which features a number 
of spectral lines. “This allows for 4-D 
real-time tomographic visualization of 

surgical interventions,” 
Fantini said.

Michelle Digman, 
University of Califor-
nia Irvine: “Single-Cell 
Organelle Phenotyping.”

Digman investigates 
the spatial topology of 
organelles in cancer cells, 
seeking insights into cellu-
lar processes, with special 
attention to understanding 
breast cancer and more 
generally cancer biology.

D ig ma n,  Fa nt i n i 
said, “is an outstanding 
researcher in biomedical 

fluorescence imaging.” Her approach here 
is to use environment-sensitive probes 
and hyperspectral imaging for single cell 
biological studies to characterize their 
metabolic state. “This work has high sig-
nificance,” he said, “for example in studies 
of the role of cellular metabolic states in 
cancer metastasis, resistance to chemo-
therapy, and tumor recurrence.”

Philip Tinnefeld, at LMU Munich, 
Germany: “Beyond FRET: Graphene 
Energy Transfer for Single-Molecule Bio-
physics and Super Resolution.”

“Working beyond conventional 
FRET, Tinnefeld has explored the use of 
graphene in energy transfer processes, 
which has implications in 
various fields, including 
high resolution biosensing 
and DNA nanotechnology, 
which makes his work spe-
cially interesting as a hot 
topic,” Taroni said.

Tinnefeld’s work in 
biophysics illustrates a 
common theme in the 
Hot Topics list: enhanced 
spatial localization and 
resolution. “And this is at 
the single molecule level,” 
Fantini said.

Tinnefeld will present 
his “novel dynamic struc-
tural biology tool that we 
term GETvNA (Graphene 
Energy Transfer with 
vertical Nucleic Acids). It 
helps to determine angles 
of nucleic acids on single 
molecules as well as to 
visualize the movement 
of proteins on DNA with single nucleo-
tide resolution.”

His Hot Topics title: “Beyond FRET,” 
illustrates his aim to go beyond the stan-
dard Förster Resonance Energy Trans-
fer approaches, Fantini said. He aims to 
achieve super-resolution microscopy in 
three dimensions, Fantini said, using the 
energy transfer between a dye and the 
graphene layer to achieve detailed axial 
localization, better than 2 nm.

Charles Lin, at Boston’s Massachu-
setts General Hospital, Center for Sys-
tems Biology, and at Harvard: “Image-seq 
that combines intravital microscopy with 
single-cell sequencing.”

“The combination of the two tech-
niques allows one not only to investigate 
the properties of single cells but also to 
know exactly where each investigated 
cell is located in tissue. Tissue function 
depends on cellular organization. So, 
preserving the spatial information on 
the investigated cells is a key aspect,” 
Taroni said.

“It’s a cool technique for image-guided 
cell isolation,” Fantini added. It is based 

on a multiphoton microscope for com-
bined imaging and tissue ablation, the 
latter to create access for a micropipette 
to aspirate a cell for which spatial infor-
mation is known, Fantini said. This tech-
nique allows for RNA sequencing of a sin-
gle targeted cell.

Lingyan Shi, of University of Califor-
nia San Diego. “Super-Resolution Using 
Raman Spectroscopy.”

continued on page 12
Philip Tinnefeld is working on the use of graphene in 
energy transfer processes. Credit: LMU Munich.

The concept of Image-seq (Image-guided 
single cell capturing and RNA sequencing). 

Courtesy of Charles Lin.

Lingyan Shi has developed a super-resolution approach using stimulated Raman scattering. 
Credit: University of California San Diego.
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Shi is the most junior member of the 
Hot Topics group of speakers, Fantini 
said, “and she is definitely a rising star in 
the biophotonics field.” She will talk about 
her super-resolution approach using stim-
ulated Raman scattering.

Her approach provides chemical imag-
ing of metabolic dynamics that, in com-
bination with fluorescence spectroscopy, 
allows for studying the 
nanoscopic distribution 
of proteins and lipids at 
the cellular and subcellu-
lar levels.

She proposes a multi-
modal approach to micros-
copy with super resolution. 
Various techniques (stim-
ulated Raman scattering, 
multiphoton fluorescence, 
second harmonic genera-
tion) can provide comple-
mentary pieces of infor-
mation on single cells and 
tissues, visualizing mac-
romolecules, proteins and 
lipids, with a quantitative and label-free 
approach. “This can really be helpful in 
the investigation of metabolic changes 
in aging and pathologic processes,” 
Taroni said.

Giuliano Scarcelli, University 
of Maryland: “Multiplexed Brill-
ouin Microscopy.”

Brillouin microscopy is a type of opti-
cal elastography that is based on interac-
tions between light and thermal acoustic 
phonons. “This is a field not as crowded 
as others that are represented in the 
Hot Topics session,” Fantini said, but he 
termed Scarcelli’s work an exciting area 
that opens a new window in the mechani-
cal characterization of biological samples.

Stiffness variations are associated with 
various diseases (including cancer). Scar-
celli’s work aims at investigating those 
mechanical properties of 

tissue. His multiplexed approach makes 
Brillouin microscopy much faster, Taroni 
said, and allows the characterization of 
the sample with significantly lower pho-
totoxicity and damage.

“Scarcelli has been a very active and 
innovative researcher in the field for many 
years,” Fantini said. The goal, he added, 
has been “improve acquisition speed 
using a multiplexed dual-line illumina-

tion approach.”
Ryan Field, CEO 

of Kernel, a company 
based in Culver City, 
California. This speaker 
was nominated by the 
editor-in-chief of SPIE’s 
Journal of Biomedical 
Optics, Brian Pogue, 
based on having received 
the highest number of 
citations among articles 
published in the journal 
in 2022. “That shows that 
there is a lot of interest 
in the time-domain (TD), 
diffuse optics brain imag-

ing system that Kernel, his company, is 
developing,” Fantini said.

This year the company has produced 
its second-generation instrument, Flow2.

“Flow2 is our production grade 
TD-fNIRS system and the next genera-
tion of our prototype, Flow1,” the com-
pany said. Flow2 has nearly twice as many 
channels and provides even higher sensi-
tivity and dynamic range, all while using 
less power. The Flow2 headset has also 
been redesigned for superior fit, Kernel 
said, and maintains better coupling in the 
presence of hair, and provides a more uni-
form image of functional brain activity 
across the whole head.

As the company says, with Flow2 they 
aim at producing “the world’s most com-
prehensive portfolio of brain-based bio-
markers,” which could open new paths for 
neuroscience, Taroni said.

SPIE President 
Jennifer Barton assesses 
the Hot Topics talks
Photonics West’s 2024 BiOS Hot Topics 
talks will be far ranging, reflecting both 
basic technology advances and how they 
are being adopted into clinical use. That 
notion came from Jennifer Kehlet Barton, 
the 2024 SPIE President and director of 
the BIO5 Institute at the University of 
Arizona. She said she was eager to hear 
the lineup and pick up on a few pervasive 
sub-themes.

From circular ranging to multi-
plexed Brillouin microscopy, one con-
sistent theme running through all the 
talks, she said, will be “the big one” — 
AI and ML, artificial intelligence and 
machine learning.

Barton commented, “You don’t hear 
talk of ‘AI for super resolution’. It’s kind 
of a given now, over just the last couple 
of years. It’s gotten to the point where 
those tools are actually useful. It used to 
be that they would maybe underperform 
compared to conventional image process-
ing algorithms, but now you can get 10 
percentage points better, which in image 
processing is huge.”

And they are easy to apply. “There’s 
published algorithms out that that you 
don’t have to be an expert to use the tool.”

Another element that has made these 
algorithms so useful in all the Hot Topics 
areas is the idea of cross training. “One of 
the problems in optical imaging is that 
you don’t have millions of images, like 
you do have in CT or MRI, because these 
aren’t big standardized machines that are 
available in every hospital yet,” she said.

Now, Maryellen Giger of the University 
of Chicago and a Past-President of SPIE 
is in charge of a nationwide initiative to 
curate those images and make them more 
available to anybody, Barton added.

Near-infrared spectroscopy is 
an emerging technology with lots of 
FDA-approved systems,” Barton added. 
“People are using it more and more, but 
there’s not millions of data points out 
there for it.”

The point of cross training is that we 
can get an AI algorithm and train it on 
one set of data, say CT images. “That 
algorithm is pretty smart. It’s like a kin-
dergartner who can’t quite do calculus 
yet, but knows one plus one equals two. 
That’s actually a long ways toward getting 
more specialized.”

One could take pre-trained AI and 
train it on hundreds or thousands of 
optical images, using, say, CT imaging. 
“Then we can figure out how to transfer 
that knowledge so that AI can be useful 
for optical imaging,” Barton said. “You 
don’t tell it what to look for, you just 
give it enough examples that it figures it 
out itself.”

Optical imaging, Barton said, is get-
ting to a point where researchers are 
beyond saying, “Oh wow. Look at what a 
wonderful image I took. We are getting to 
a point where we make it actually useful 
for a clinical problem.”

For example, Ben Vakos, who talks 
about circular ranging for 4D interoper-
ative OCT — 4D as three dimensions in 
space and one in time, will need real-time 
feedback for something that operates over 
larger ranges of space. “Usually with OCT 
we talk about millimeters. Well, you don’t 
do operations in millimeters, you operate 
in large spaces — inches. That’s huge.”

“If you have high resolution, you have 
a small field of view. To have something 
that has high resolution over large field of 
view is really hard to do. But that’s what 
you need for interoperative imaging for 
actual clinical, hospital work. To make 
it useful to the surgeon in the operating 
room, you have to break that field of view/
resolution dependency.”

Ben Vakos’s circular ranging idea will 
help with that, Barton said.

Barton was also looking forward to 
learning about Brillouin microscopy in 
the talk by Giuliano Scarcalli of the Uni-
versity of Maryland. “It’s an area where 
you have a weak signal, so we’re going to 
have to figure out its place,” Barton said. 
“It’s at the opposite end of the spectrum. 
Things like OCT, that are moving in to 
clinical usefulness, they are just going 
to start getting incorporated into surgi-
cal tools.”

“With Brillouin microscopy, they are 
still finding the space where they are 
going to provide the most value to the 
community. I am going to learn about 
it,” she added.

And Charles Lin, she said, “always 
does the most amazing cutting edge work 
in microscopy.” He works on intravital 
microscopy, on a living system, “not just 
a set of pickled cells on slides.”

“I am looking forward to seeing what 
amazing work he’s done next.”

FORD BURKHART

Hot Topics continued from page 10

Ryan Field, left, in the lab working with the novel Flow2 helmet, which provides a uniform 
image of functional brain activity across the entire head. Credit: Kernel.

Jennifer Barton holds the falloposcope, a 
sub-mm diameter endoscope capable of 
imaging the fallopian tubes. The device 
contains multispectral fluorescence 
imaging and optical coherence 
tomography, with the goal of early 
detection of ovarian cancer. Credit: Deanna 
Sanchez, University of Arizona.

Giuliano Scarcelli, of the 
University of Maryland. 
Credit: U Maryland.
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Jun Ye’s Quantum West Plenary promises to set out 
the wide-ranging benefits to science, engineering, and 
society of ever more accurate timekeeping.
If you ever find yourself needing to know 
the time, there is no better person on the 
planet to ask than Jun Ye. A physicist 
working at JILA, a joint research insti-
tute of the University of Colorado and 
the National Institute of Standards and 
Technology (NIST), Ye’s group recently 
built the world’s most advanced and pre-
cise clock.

The device is so accurate that it would 
neither gain nor lose a second over the 
age of the universe. It is so precise that, 
because of the connection between space 
and time on Earth, if you move it by a mil-
limeter, you can tell the time has changed. 
“This sounds like science fiction,” adds Ye. 
“But the clock accuracy is so good now, 
we can tell within 1 cm where we are 
with respect to the Earth’s gravitational 
potential, thanks to Einstein’s general 
relativity that connects time and gravi-
tational potential.”

The clock is the culmination of a career 
developing and refining precise measure-
ment tools with an array of talented scien-
tists. Ye earned his Master’s at the Univer-
sity of New Mexico while also studying in 
the renowned quantum optics group led 
by quantum optics theorist (and fellow 
Quantum West Plenary speaker) Marlan 
Scully. In the mid-1990s, Ye’s PhD advisor 
at JILA was John ‘Jan’ Hall. Hall joined 
NIST in 1961, just after the birth of the 
laser, and spent most of the rest of his 

career making lasers increasingly stable. 
Under Hall’s mentorship, Ye developed 
the world’s most sensitive instrument for 
measuring the wavelengths and quantities 
of light absorbed by different molecules.

After a two-year postdoctoral stint 
in trailblazing quantum optics experi-
mentalist Jeff Kimble’s laboratory at the 
California Institute of Technology, where 
he developed an optical system to trap 
individual atoms in a small cavity, Ye was 
lured back to JILA in 1999, where Hall 
was still working. “Jan was considering 
retirement,” recalls Ye. “And so he basi-
cally said, ‘Well, since you’re coming back, 
maybe you can have my lab’.”

But Hall wasn’t quite done yet. He had 
recently co-developed a new technology 
called the optical frequency comb, a type 
of laser that produces a series of pulses 
with a very precise delay between them 
whose spectrum, zoomed in, looks like a 
discrete rainbow, with sharp spikes of the 
different colors at precise, evenly spaced 
intervals — much like the teeth of a comb 
(hence the name).

The comb is an extremely accurate 
ruler for measuring the frequencies of 
light waves, and Hall was eager to explore 
its applications. For four years, Ye worked 
with Hall and colleagues on developing 
the optical frequency comb and utilizing 
it in a broad range of spectroscopy appli-
cations. But when Hall finally officially 

retired in 2003 — two years before receiv-
ing a share of the 2005 Nobel Prize in 
Physics for his optical frequency comb 
work — Ye sought a new challenge.

Combining his experience of trapping 
and cooling atoms with his knowledge 
of optical frequency combs, Ye wanted 
to build optical atomic clocks with 
laser-cooled strontium atoms (where the 
tick of the clock comes from the atoms’ 
electrons undergoing optical transitions 
between two stable orbitals) in order to 
surpass the accuracy of incumbent atomic 
clocks. The technique turned out to be a 
great success. “It has been a very exciting 
journey for the last 20 years where we 

have been able to improve optical atomic 
clock precision by five orders of magni-
tude,” Ye says.

Ye’s Plenary talk at Quantum West 
could easily focus on the many ground-
breaking discoveries he and his collabo-
rators have made to reach this exquisite 
level of timekeeping accuracy. But he 
feels this would be a wasted opportu-
nity. “I want to focus on what are we 
doing right now,” he says. “The atomic 
clock is the core of a quantum revolu-
tion where we can perform very precise 
quantum state engineering, bring many 
atoms together to work as a team of 

Setting the clock to the 
rhythms of the universe

Jun Ye, Professor Adjoint at the University of Colorado Boulder and a JILA Fellow. He says 
of his work: “The atomic clock is at the the core of a quantum revolution.” Credit: University 
of Colorado Boulder.

Research hub: Jun Ye’s laboratory at 
the University of Colorado Boulder. 
Credit: University of Colorado Boulder.

continued on page 16
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quantum particles.”
So far, Ye’s group has brought together 

tens of thousands of strontium atoms and 
controlled their interaction at the quan-
tum level to build extremely precise opti-
cal atomic clocks. His current work aims 
to add to the number of atoms in these 
systems significantly. “We want to scale 

the systems up to 1 million atoms. We 
will need to understand all the intricacy 
of atomic interactions in a many-body 
setting and, in parallel, we may need to 
now put entanglement into the quantum 
systems so that we can hide away some of 
the quantum noise,” he says. “And that’s 
really where quantum information sci-
ence is heading — can we really build a 

system with so many quantum particles 
working together, keeping their entangle-
ment, keeping their quantum coherence 
to use this to take a measurement or pro-
cess information?”

In one sense then, Ye’s clocks are 
like microscopes peering down into the 
quantum world and revealing all sorts 
of important insights for various applied 

quantum fields, like quantum informa-
tion processing, quantum communica-
tion, and quantum sensing. In another 
sense, the clocks are like telescopes. 
“We want to see how far we can push the 
clock precision to the next two orders 
of magnitude or better because then we 
can start to measure the gravitational 
effect across a quantum mechanical wave 
function,” Ye explains. “And that happens 
to also be the point where you can use 
the clock itself to listen to gravitational 
waves, using time to directly detect these 
spacetime ripples.”

But perhaps the most exciting role for 
atomic clocks in the coming decade will 
be as probes of the fundamental nature of 
the universe. “In the end, it’s the space-
time fabric that the clocks are measur-
ing, but you need quantum physics to 
make those clocks,” says Ye. Therefore, 
the clocks are like a bridge between the 
macroscopic world governed by Ein-
stein’s theory of general relativity and the 
microscopic world governed by quantum 
mechanics. With sufficient precision, this 
could mean atomic clocks play a pivotal 
role in unmasking the nature of dark 
matter, challenging Einstein’s concep-
tion of determinism in motion, and finally 
understanding the connection between, 
and perhaps even eventually reconciling, 

Quantum West continued from page 15

Optical setup in Jun Ye’s laboratory at the 
University of Colorado Boulder. Credit: 
University of Colorado Boulder.

Perhaps the 
most exciting 
role for atomic 
clocks in the 
coming decade 
will be as 
probes of the 
fundamental 
nature of the 
universe.
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our currently incompatible theories of the 
macroscopic and microscopic worlds.

To realize this potential, Ye’s atomic 
clocks — at present, consisting of myr-
iad mirrors, miniature lenses, optoelec-
tronic devices, and lasers arranged on 
a 4 x 12 ft optical table — need to be 
made more practical so that they can be 
used in the field and eventually space. 
And to do this will require innovations 
in miniaturizing the clocks’ compo-
nents. “The engineering itself is going 
to require a lot of creativity and novel 
ideas,” Ye says. “How do we use inte-
grated photonics to shrink the system 
to a much smaller size? There will be a 
lot of interesting science and technology 
coming out of those efforts.” Ye hopes to 
connect with experts in integrated pho-
tonics at Photonics West who can help 

him make miniaturized optical atomic 
clocks a reality.

And, although cautious of making pre-
dictions, knowing the talent that resides 
within the scientific community makes Ye 
optimistic that the necessary precision, 
accuracy, and portability will be achieved 
to realize optical atomic clocks’ full poten-
tial in the next 5–10 years. “Past perfor-
mance cannot guarantee future success, 
but let me just say that over the last five 
years, we achieved a factor of nearly 100 
accuracy improvement,” he says. “It may 
take a lot of effort, we may need to develop 
another new interesting technology, and 
there will be surprises (that I know for 
sure), but I don’t see any fundamental 
limiting factor for why we cannot achieve 
another factor of 100,” he says.

BEN SKUSE

Work in progress: Ye’s group has brought together tens of thousands of strontium atoms 
and controlled their interaction at the quantum level to enable extremely precise optical 
atomic clocks. Credit: University of Colorado Boulder.

Research hub: Jun Ye’s laboratory at the University of Colorado Boulder. Credit: University 
of Colorado Boulder.
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UK aims for global reach with QKD 
security and future quantum networks
Inward investment from key player Toshiba, satellite development with Singapore, and 
Nu Quantum’s Cisco collaboration all support “Moonshot” mission to establish and 
scale quantum links.

How well is the UK commercializing its 
advanced quantum research and exper-
tise? That was the tricky question posed 
by the House of Commons Science, Inno-
vation and Technology Committee in a 
series of hearings during 2023.

As the MPs on that committee soon 
discovered, there’s no straightforward 
answer: quantum technologies remain 
at an early stage of development around 
the world, although the UK’s early move 
to fund them does appear to have estab-
lished key elements of a domestic supply 
chain in support of the nascent industry.

On the very same day that the com-
mittee last sat, the UK government 
announced five Moonshot-style “mis-
sions” to be targeted under its National 
Quantum Strategy — covering efforts 
dedicated to computing, sensing, medi-
cal imaging, navigation, and networking.

“Mission 2” centers on quantum 
networks. “By 2035, the UK will have 
deployed the world’s most advanced 
quantum network at scale, pioneering the 
future quantum internet,” is the headline 
goal. “The opportunities are global and 
the UK will work with at least five other 
countries to collaborate on developing 
underpinning technologies and connec-
tivity with international quantum net-
works, including through satellite links,” 
stated a policy paper from the Depart-
ment for Science, Innovation, and Tech-
nology (DSIT). “The UK will also take a 

leadership role in developing quantum 
networking standards.”

With national and international net-
works on the agenda, enabled in part by 
satellite connections, the ultimate goal is 
for the UK to have the capability to send 
quantum information locally and glob-
ally, by 2035. “This will be ‘year zero’ for 
what will become known as the quantum 
internet,” proclaimed DSIT.

So how are we getting on? An indi-
cation of the progress being made came 
shortly before that announcement, at the 
latest iteration of the UK National Quan-
tum Technologies Showcase, an event 
that has grown massively since its 2015 
inception. Opening the event, then sci-
ence minister George Freeman — who 
has since resigned and been replaced 
by Andrew Griffith — highlighted how 
quantum technology officially now sits 
alongside AI, semiconductors, engineer-
ing biology, and telecommunications as 
one of five critical technologies regarded 
as key to the UK’s prosperity and security 
over the next decade.

That recognition had already seen the 
quantum sector awarded its £2.5 billion 
decadal funding commitment, but unlike 
the other four technologies there is little 
certainty about the size, timing, or pre-
cise nature of the market opportunities 
awaiting computers, sensors, networks, 
or imaging techniques directly exploiting 
quantum phenomena.

Toshiba invests big
But there are some clues. Freeman high-
lighted Toshiba’s £20 million investment 
in quantum key distribution (QKD) 
encryption technology 
as the most significant 
development in the UK’s 
quantum sector in 2023. 
According to the Septem-
ber announcement, the 
move immediately created 
30 new jobs at Toshiba 
Europe’s Cambridge Sci-
ence Park facility, where 
the Japanese technology 
giant has been working 
on quantum cryptogra-
phy since 1999. Citing 
research suggesting that 
the QKD market could be 
worth more than $3 bil-
lion by 2028, Toshiba said 
that its new Quantum Technology Centre 
would manufacture QKD systems, and be 
a “fully commercialized business” operat-
ing under its Digital Solutions unit. “Com-
mercialization of QKD put in the hands 
of businesses throughout the UK would 
represent a big step forward in realizing 
the UK’s ten-year vision to become a lead-
ing quantum-enabled economy and sci-
ence and technology superpower,” stated 
Toshiba at the time.

Part of the reason for its UK invest-
ment is a long-standing partnership 

with telecoms giant BT, 
which has already seen 
QKD deployed in London 
and tested by the global 
banking group HSBC. That 
collaboration has resulted 
in the quantum-secure 
transmission of test data 
over fiber-optic cables 
connecting HSBC’s global 
headquarters in Canary 
Wharf with a data center 
62km away.

Speaking during the 
most recent UK Show-
case, HSBC’s Philip Int-
allura said that the bank 
saw the effort as a rel-
atively small, low-risk 
investment in a technol-
ogy that may or may not 
turn out to be critical in 
the future, depending on 

whether future quantum computers are 
able to “crack” conventional cryptography 
systems used to secure everyday transac-
tions. And while HSBC appears to be one 
of only a select few banks actively looking 
into quantum cryptography, Intallura said 
it was one area where regulation could 
eventually force widespread deployment.

Free-space QKD
Toshiba’s pioneering work has centered 
on QKD deployments over optical fiber, 
but as BT’s Andrew Lord explained at the 
same event, applications in free-space 

optical communications both short — 
and long-range represent the next fron-
tier. BT was a participant in the recently 
completed “AirQKD” project, funded via 
the UK’s wider quantum program. With 
Lord as project manager, the three-year, 
£5.8 million effort aimed to demonstrate 
QKD over short to mid-range communica-
tions, with pilot demonstrations suitable 
for “last-mile” 5G deployment, and poten-
tial future use in autonomous vehicles 
that would rely on fully secure high-speed 
data connectivity.

According to Lord, AirQKD was largely 
successful. Project partner and Cambridge 
spin-out Nu Quantum played a major role 
developing novel single-photon sources 
and detectors suitable for free-space QKD, 
with further photonics-related involve-
ment from the Fraunhofer Center for 
Applied Photonics (CAP) and Bay Pho-
tonics on system integration and pack-
aging respectively. Pilot demonstrations 
on the roof of BT’s Adastral Park research 
center and the University of Warwick’s 
autonomous vehicle test track have pro-
vided proof of principle with a prototype 
setup, over free-space links extending to 
hundreds of meters.

Lord is confident that the approach 
can be advanced towards commercial 
requirements, telling delegates at the 
London Showcase: “[We] know how to 
cut cost by a factor of ten or more for 
ubiquitous systems, such as lamp-post 
connections.” That future development 

Held at the larger venue of the Business Design Centre for the first time, the UK Quantum Technology 
Showcase took place in November 2023, with the UK government outlining five quantum “missions” 
shortly afterwards. Photo: UKRI.

Toshiba officials mark the official opening of the firm’s new 
£20 million Quantum Technology Centre at the Cambridge 
Science Park, alongside UK business and trade minister 
Lord Johnson, and Hajime Hayashi, Japan’s ambassador to 
the UK. Photo: Toshiba.



#PhotonicsWestPhotonics West: The world’s largest marketplace for photonics, optics, imaging, and industrial lasers

JANUARY 27–FEBRUARY 1 ,  2024 | 19

would involve scaling the tech-
nology down to the level of the 
photonic integrated circuit (PIC), 
something that Lord thinks 
could be achieved within two 
years, while simultaneously 
improving reliability.

The unknown factor remains 
exactly how much future demand 
there will be for free-space QKD, 
precisely what the “sweet spot” 
will be in terms of required link 
distance, and whether there 
would be enough market pull 
to justify investing in PIC-scale 
development. “The jury is still out on 
how cheap [it needs to be]…but in prin-
ciple free-space [QKD] is very powerful,” 
Lord said.

The AirQKD success also seems to 
have proved significant for Nu Quantum, 
with the startup’s announcement of £7 
million in “pre-series A” investment led 
by Amadeus Capital coinciding with the 
London showcase event.

Nu Quantum, whose CEO and 
co-founder Carmen Palacios is a panel-
list in this week’s Quantum West Busi-
ness Summit, has also been involved at 
the other end of the free-space optical 
spectrum — at least in terms of distance 
— with quantum-encrypted satellite con-
nections, under the Arqit-led £4.5 million 
project to create a UK sovereign capabil-
ity in the manufacture of satellite QKD 
payloads. As Tim Spiller, director of the 
quantum communications “hub” hosted 
by the University of York, said at the Lon-
don showcase, optical fiber is inherently 
distance-limiting when it comes to QKD 
because of the need for signal amplifi-
cation. “If you need amplification then 
you’re stuffed,” he said, while a satellite 
payload offers the potential to launch a 
“trusted node.”

UK Space lab prepares  
for lift-off
Recent satellite QKD developments were 
also discussed in London by David Pear-
son from RAL Space, the UK’s national 
space laboratory. It has developed a sys-
tem using a 780nm wavelength and a nar-
row beam to demonstrate space-ground 
connections. Longer-wavelength versions 
are likely in the future, with a view to 
improving atmospheric transmission.

RAL Space is also working on the 
“SPEQTRE” project — a collaboration 
with Singapore startup SpeQtral — to fly a 
satellite QKD testbed, with CubeSat test-
ing anticipated this summer, and hopes 
for a launch later in the year. SpeQtral 
has also extended an existing collabora-
tion with Toshiba, after the startup won 
a contract to build Singapore’s “National 
Quantum-Safe Network Plus (NQSN+)” 
nationwide quantum-safe network 

alongside telecoms firm SPTel.
SpeQtral co-founder and CEO Lum 

Chune Yang said of the Toshiba collab-
oration: “This enhanced partnership is a 
significant milestone for SpeQtral, par-
ticularly in light of our involvement in the 
NQSN+ project.

“With SpeQtral’s satellite QKD capa-
bilities along with Toshiba’s fiber QKD 
deployments, we eagerly anticipate the 
opportunities that this partnership will 
further unveil, and remain committed 
to pioneering state-of-the-art quantum 
solutions that safeguard Southeast Asia’s 
digital future.”

Toshiba’s Shunsuke Okada added: “We 
are thrilled to take our partnership with 
SpeQtral to the next level, building on 
the foundation established a few years 
ago. We are committed to supporting 
businesses in the quantum-safe network 
market, beginning with NQSN+, across 
Singapore and Southeast Asia, with our 
advancing expertise and know-how.”

Quantum networking
With QKD the most evidently commer-
cial quantum application at this point, 
Spiller hinted at what may come next for 
quantum communications, in the form of 
distributed entanglement — going beyond 
encryption and key sharing to establish 
the kind of future network envisaged 
in the UK government’s “mission 2.” 
Achieving that will rely on some novel 
photonics — not least the wavelength 

conversion that may be required to con-
nect light-based quantum computers and 
repeaters over optical fiber. “The quantum 
internet is on the horizon, [but] it’s a long 
way away,” Spiller said.

Moving towards that horizon is how-
ever the topic of another UK-funded 
research project, this time involving Nu 
Quantum and the telecoms giant Cisco. 
The £2 million “LYRA” effort, which 
began in October 2023 and runs for 18 
months, is aiming to deliver a deployable 
prototype of a data center-compatible 
rack-mount ‘quantum networking unit’.

“Nu Quantum is partnering with Cisco 
as the lead customer and end-user for the 
project,” stated the startup, with Cisco 
committing to evaluation of the final pro-
totype system at a new UK-based facility. 
“The aim is to move away from highly con-
trolled and fragile laboratory experiments 
towards real-world deployment in more 
industrial and data-center like environ-
ments, where quantum computers will 
ultimately need to operate resiliently and 
at scale.”

Supported via UKRI’s small business 
research initiative (SBRI) competition, 
LYRA is aiming to deliver two separate 
19-inch rack-mount modules, for system 
control and optical interfacing. “This mod-
ular architecture allows in-field upgrades 
to support different quantum computer 
modalities and alternative wavelengths,” 
explains Nu Quantum. The solution 
also incorporates a new high-precision 

timing-architecture and dig-
ital control bus, allowing 
the system to easily scale 
to support a large cluster of 
quantum-compute nodes.

“It is increasingly recognised 
that fault-tolerant quantum 
computing can only be deliv-
ered by networking together 
tens to thousands of discrete 
quantum computing cores,” 
added the firm. “Project LYRA 
will develop an engineering-led, 
field-deployable prototype of this 
critical infrastructure, leading to 

a future where quantum networking will 
be as essential to quantum computing as 
classical networking is to today’s cloud 
and HPC environments.”

Ed Wood, the startup’s VP of product, 
told Show Daily that aside from Cisco, 
the project involves companies working 
on two different approaches to quan-
tum computing — superconducting and 
trapped-ion — as well as a data center 
provider, a large aerospace firm, and a 
leading tech multinational. “More par-
ties are interested in joining the project,” 
Wood added.

If all goes well, Nu Quantum will 
deliver a complete system comprising 
rack-mount control electronics (the con-
trol module) and optical assembly, includ-
ing discrete single-photon detectors (the 
optical module). “The combination of the 
control module and optical module form 
a complete ‘quantum networking unit’,” 
Wood explained. “The optical module 
is wavelength-specific, it is produced 
typically to match the native emission 
wavelength of the ion or atom used as a 
communications qubit.

“This is required, as wavelength con-
version is to be avoided where possible — 
it is a lossy process that will damage the 
overall performance of the system. But 
the modular nature of the system means 
that the control module can be retained 
and a new optical module at a new wave-
length installed.”

Circling back to the original question 
posed by that House of Commons commit-
tee, perhaps Toshiba is in the best position 
to provide an answer. “Efforts over the 
past few years to commercialize quan-
tum computing marks a shift from pure 
R&D, taking what’s been learned in the 
lab and applying it to real world commer-
cial situations,” said the firm at the official 
inauguration of its new Cambridge facility. 
The time has come to use these powerful 
technologies to protect our future data, 
suggests Okada. “The quantum era is not 
some distant future constrained to the 
walls of a research lab,” he said. “It is here, 
and the technology is ready to safeguard 
the most sensitive of commercial data.”

MIKE HATCHER

A rendered image showing how a future quantum networking rack from Nu Quantum may look. The 
Cambridge, UK, startup is working to develop the technology with Cisco, among others. Image: Nu Quantum.

Nu Quantum’s management team, led by CEO and co-founder Carmen Palacios (third from 
left), alongside VP of IP, legal, and operations Sam Funnell (far left), VP of product Ed 
Wood, and VP of quantum Claire La Gall. Photo: Nu Quantum.
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system according to your requirements. Starting from 
prototype and moving into production, we have the 
capacity to scale manufacturing processes and provide 
opto-mechanical assemblies in volume. 
Contact us at EKSMA Optics to discuss your next 
optical system.

Contact Details
EKSMA OPTICS
Dvarcioniu st. 2B LT-10233 
Vilnius, Lithuania 
www.eksmaoptics.com
info@eksmaoptics.com
Tel: (+370) 5 272 99 00
Fax: (+370) 5 272 92 99

EKSMA OPTICS Visit us at Booth #1527 

Metal-Coated Silica Fibers  
Discover Armadillo SIA’s Metal-Coated Silica 
Fibers - available in Tin, Copper, Aluminum, and 
Carbon-primed Aluminum - providing exceptional 
performance in high temperatures, vacuum, and 
harsh chemical environments.
Metal coatings are applicable to all Armadillo fibers 
with 100 - 2,200μm core diameters, N.A. Range 
0.12 - 0.30, and are suitable for applications in with 
wavelength range 190 -2400nm.
From prototype to mass production, count on 
Armadillo SIA’s expertise and support to deliver 
highest quality fibers, cables, bundles, and custom 
sub-assemblies.

Contact Details
Armadillo SIA
Krisjana Valdemara 33-27,
Riga LV 1010 Latvia 
www.armadillosia.com
info@armadillosia.com
Tel: +1-408-900-8883   

Armadillo SIA Visit us at Booth #8555 

Compact BiTec Spectroradiometer   
The BTS256-LED Tester measures luminous 
flux, illuminance, color quantities and spectra 
of individual LEDs and traditional light sources.  
Larger size light sources can be measured by 
attaching the tester to an external integrating 
sphere or goniophotometer.
Key components include a built-in 50mm 
diameter integrating sphere, LED auxiliary lamp 
for self-absorption correction, electronic shutter 
for offset compensation and GO BiTec Sensor 
that houses both a photopic photodiode and a 
low stray light design spectrometer which work 
together for accurate flux detection over a wide 
dynamic range.

Contact Details
Gigahertz-Optik
Boston North Technology Park
Bldg B - Ste 205
Amesbury, MA 01913 USA 
www.gigahertz-optik.com
info-us@gigahertz-optik.com
Tel: +1-978-462-1818

Gigahertz-Optik Visit us at Booth #5404 
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Booth #2227
South Hall
Booth #2227

DPSS Lasers UV ‒ Visible ‒ IR
Superluminescent Diodes 
Laser Diode Modules 
Laser Diodes 
and more …

frlaserco.comfrlaserco.com
See technical details on

Frankfurt Laser Company
https://frlaserco.com
Laser Diodes CW & Pulse
Laser Diode Modules
Superluminescent Diodes
MID-IR LED
VCSEL
DPSS Lasers: UV – Visible – IR
South Hall 
Booth 2227
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A quantum leap 
for biophotonics
Conference exploring the use of quantum technologies 
in biology debuts at Photonics West.

Each year, BiOS kicks off Photonics West 
with conferences covering biophotonics 
and biomedical optics along with the BiOS 
Expo. The conference always has some of 
the largest sessions of the week and sets 
the stage for Photonics West. Looking to 
replicate the success of the tandem confer-
ence and expo, SPIE has added the Quan-
tum West Expo to its young and growing 
Quantum West conference program, hop-
ing to build a similarly robust program for 
the exciting and growing field of quantum. 

Going one step further, SPIE is com-
bining the two buzzing disciplines, 
quantum and biophotonics, into a new 
conference, Quantum Effects and Mea-
surement Techniques in Biology and 
Biophotonics, running 27 to 30 January. 
From all indications, it’s a program the 
community has eagerly awaited and a 
good sign of the increasing maturation 
of quantum technologies.

“We were overwhelmed by the 
response,” says one of the conference 
chairs, Sergey Polyakov of the US National 
Institute of Standards and Technology 
(NIST), of the conference call for papers. 
For a new conference, 20 abstract sub-
missions would be enough to put together 
a one-day program. “We had 50 or 60 
submissions — and three days were not 
enough. We have expanded a little bit 
into a fourth day for the conference.” 
Clarice Aiello of the Quantum Biology 
Tech (QuBiT), and Paige Derr of the US 
National Institutes of Health (NIH) are 
also conference chairs. 

The field of “quantum biology” has 
emerged through theoretical and experi-
mental progress over the past few decades 
with the development of quantum tools 
like quantum sensors. The conference 
will cover how these devices — among 
other modalities of quantum for biol-
ogy — take advantage of nonclassical 
phenomena to deliver new measure-
ment capabilities beyond what is achiev-
able classically, and how they are being 
developed specifically for biological and 
biomedical applications. Many of these 
sensors are photonics-based or have an 
optical readout.

At the same time, the conference 
chairs note, quantum effects have been 
shown to play a defining role in relevant 
biological processes such as photosyn-
thesis, spin-dependent chemical reac-
tions, and enzymatic activity. The area 
of quantum-related biology and medicine 

is new and growing rapidly, attracting 
interest from both theorists and experi-
mentalists and with huge commercial and 
therapeutic potential. 

“We are really talking about two fields 
that are closely intertwined,” says Polya-
kov. One part of quantum biology revolves 
around instrumentation and is a bit closer 
to fruition in terms of practical benefits 
like disease monitoring, diagnosis, and 
even treatment. “And the other part is 
really exploratory, fundamental research 
in biology. And while it remains funda-
mental for the time being, there is huge 
potential for the future.”

Aiello adds, “even though quantum 
biology is not as developed, it’s not just a 
basic science curiosity. There might be a 
few applications coming up, especially as 
we understand more.”

Polyakov says, “there are several trans-
lational technologies, some of them I am 
proud to say have originated from NIST.” 
For example, he says quantum technol-
ogies might be used to replace the very 

cold liquid helium needed in MRI to keep 
the magnetic current superconductive. 
Another example would be breathalyz-
ers based on frequency comb technology. 
Last April, scientists at NIST and the Uni-
versity of Colorado, Boulder reported a 
new laser-based breathalyzer powered 
by quantum technology and artificial 
intelligence that can detect COVID-19 in 
real time with excellent accuracy. While 
frequency combs themselves are not 
exactly a quantum technology, “you need 

frequency combs for a lot of the quantum 
action,” Polyakov says. “One technology 
pulls the other and becomes a driving 
force for something completely different.”

In a commentary for the American 
Physical Society, Aiello wrote, “Quantum 
biology findings could enable the devel-
opment of new drugs and of noninvasive 
therapeutic devices to heal the human 
body, as well as provide an opportunity 
to learn how nature builds its own quan-
tum technologies.”

One of the questions that quantum 
biology is trying to answer, Aiello says, 
“is, can quantum phenomena survive long 
enough in the wet, messy biological envi-
ronment for them to matter for biological 
function? We’re not talking about min-
utes. We’re talking about nanoseconds 
to microseconds. I mean, nobody doubts 
that biologically relevant compounds can 
remain quantum for femtoseconds. But 
for some biological processes to incon-
testably rely on quantum mechanics, they 
would need to survive for a bit longer. For 
example, if birds truly sense the weak 
magnetic field of the Earth to migrate as 
proposed by quantum biologists, quan-
tumness inside their cells should remain 
for almost a microsecond. This type of 
data has never been unambiguously 
proven or refuted in a single living cell.”

The conference chairs say that the 
US National Quantum Initiative (NQI) 

has contributed to increased interest in 
quantum effects for and in biology. On 
the one hand, emerging quantum tech-
nologies offer unprecedented advantages 
for sensing. New quantum-enhanced 
measurement modalities are being har-
nessed for medicine and biotechnologies 
(“quantum for bio”). On the other hand, 
in-vitro bio compounds exhibit profound 
quantum effects. If these quantum effects 
survive in living cells, quantum mechan-
ics might be used by biology for function 

(“quantum in bio”). 
On January 28, Derr will moderate 

a panel discussion, “Quantum science 
meets biology: Opportunities enabled by 
the National Quantum Initiative.” The 
panel will feature key representatives 
from federal agencies tasked with imple-
menting the NQI in areas where physics 
and biology interface.

Aiello, Derr, and Polyakov also credit 
SPIE for boosting quantum biology. “The 
impact for the future will go well beyond 
the talks here,” Aiello says. “Having SPIE 
recognize and support the field helps 
these scientific communities form and 
grow in a sustainable way.”

To get a sense of the conference high-
lights, the conference chairs recommend 
checking out the keynote papers, includ-
ing, Probing photosynthesis with single 
photons by Birgitta Whaley, and Quan-
tum imaging of molecular vibrations by 
Warwick P. Bowen. The plenary sessions 
on 29 January are also not to be missed: 
Quantum science and atomic clocks by  
Jun Ye, JILA; Silicon colour centres by  
Stephanie Simmons, Photonic Inc.; and 
New quantum theory applications in 
biology by Marlan O. Scully, Texas A&M 
University. 

“I think it’s important that we start 
thinking about quantum literacy,” says 
Polyakov. By that he means taking knowl-
edge of quantum beyond physicists to 

include, for example, bio-engineers and 
biochemists. “We want to get the message 
heard by the medical doctors and other 
bio professionals who frequent Photonics 
West. We will service this community as 
much as we can.”

Running January 27 - 30, 2024, Quan-
tum Effects and Measurement Techniques 
in Biology and Biophotonics features over 
40 presentations and will be held in room 
158 of the Moscone Center.

WILLIAM G. SCHULZ

(L-R) Conference chairs, Clarice Aiello of the Quantum Biology Tech, Sergey Polyakov of the US National Institute of Standards and 
Technology, and Paige Derr of the US National Institutes of Health.  
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A bold concept for 2024 
from Hamamatsu
Visitors to the Vision Suite will “see the future of optics,” 
say its developers.
Hamamatsu Photonics is a significant 
global developer and manufacturer of 
optical sensors, ranging from its photo-
multiplier tubes to electric light sources 
and other devices that are used in medical 
applications as well as in basic science. 
The company originated in Hamamatsu 
City, Japan, in 1948.

Show Daily interviews Dr. Stephanie 
Fullerton, Hamamatsu’s Life Science 
Manager, responsible 
for camera and systems 
product development, 
marketing & communi-
cations at the company. 
Dr. Fullerton has more 
than 20 years of expe-
rience in the life sci-
ence imaging industry, 
from technical sales to 
marketing strategy and 
product development.

At Hamamatsu, 
she focuses on camera 
technology including 
the transition from 
CCDs to scientif ic 
CMOS and has worked 
on advanced imaging 
for PCR, DNA sequencing, whole slide 
scanning, light sheet, flow cytometry 
and super resolution. She graduated from 
the University of Rochester with a B.S. in 
biochemistry and has a Ph.D. from Duke 
University in neurobiology.

Show Daily: What is the 2024 message 
from Hamamatsu for Photonics West?

Stephanie Fullerton: That’s a very rel-
evant question. Every year at the show, 
we have displayed new products and pre-
sented various experts. This year, we are 
doing something different, which we call 
the Hamamatsu Vision Suite, in addition 
to our regular booth. In my mind, it will 
be something like the Chicago World’s 
Fair, with big new concepts in science 
and industry on show. We will employ 
storytelling and seek to inspire visitors.

We are presenting new ideas in photon-
ics like the massive photomultiplier tubes 
used in neutrino detection. And we will 
present our mini spectrometers, which 
are used in the following applications: 
photometry, cameras, optical components 
and analysis systems; environmental 
measurement; color measurement; and 
quality control in production lines.

SD: So what are differences between 
the regular booth and the Vision Suite?

SF: For our regular booth at Photonics 

West, all our products from solid-state 
sensors to spectrometers, to spatial light 
modulators and light sources, and cam-
eras are on display. Visitors can also learn 
about the positron emission tomography 
(PET) systems used in assessing the bio-
chemistry of living organ tissues. They 
have been employed in medical settings 
in Hamamatsu City, and there have 
been quite a few cases of early detection 

of disease.
At the Vision Suite 

we will be showcasing 
medical instruments, 
lidar, quantum com-
puting, telescopes, 
microscopes and other 
devices used in outer 
space and to explore 
the mind and brain. 
In all, the Vision Suite 
will have the following 
sections: Space; Earth; 
Life; Health/Mind/
Brain; and Quantum.

Visitors will see 
devices from quantum 
computing to helping 
people with everyday 

general living. People don’t know all the 
ways that Hamamatsu is working to help 
people as they live out 
their lives. We will focus 
on the future and the ways 
that photonics can unlock 
new possibilities.

SD: What kinds of pro-
fessionals and other visi-
tors will be most interested 
in the Vision Suite?

SF: Many different 
types, but certainly engi-
neers. We work with engi-
neers in product devel-
opment, and they will be 
able to use these new ideas 
to do their research or to 
build new instruments.

SD: What new develop-
ments does Hamamatsu 
anticipate for 2024?

SF: Part of the philosophy behind 
Hamamatsu is seen in our motto: “Pho-
ton is our business.” We have developed 
a new CMOS sensor from the ground up 
that can resolve single photons. It is able 
to detect the photos and make data out of 
low light conditions. It’s one thing to see a 
photon, it’s quite another to measure it.”

Hamamatsu’s qCMOS (Quantitative 

CMOS) is a CMOS image sensor that can 
detect and identify the number of both 
single and multiple photons. ORCA-Quest 
is said to be the world’s first camera to 
incorporate the qCMOS image sensor 
and to be able to resolve the number of 
photons using its dedicated technology 
— even when a sample can only deliver 
a few photons.

SD: What does Hamamatsu see as 
trends ahead in the photonics market-
place or in technology in general?

SF: It will be different for each appli-
cation, of course. But to be very general, 
the trends may include quantitation in 
biomedicine, and greater speed of devices 
with the same low noise characteristics, 
along with improved quality of data. 
In the imaging world, we see a push 
toward 3D data and improvements in 
data management.

SD: What will be the possible impacts 
on business of changing global economic 
conditions and geopolitics?

SF: That is a big question. We have to 
be aware of relationships between United 
States and China, of course. We will be 
monitoring that. And given that we buy 
products from Japan in yen, we will be 
monitoring that as well.

SD: Are research and other academic 
inputs central to Hamamatsu?

SF: Yes, absolutely so in basic research. 
Hamamatsu has close ties to the institu-
tions doing that research. In my case, I 
have a bias, with strong interests in cam-
eras, in developing light sheet technol-
ogies (a microscopy technique that illu-
minates an entire 2D focal plane). That 

would let an app go faster than a point 
scanner, while it eliminates out-of-focus 
light. We expect work on getting optical 
slices with multiple cameras, working 
with living tissue, like embryos, tracking 
neuron activity in the brain and impacts 
on tissue samples, and seeing how it all fits 
together. It is all astoundingly beautiful.

SD: How does Hamamatsu encourage 
students and new employees?

SF: We have many connections with 
academia, and we often hire new tal-
ent right out of school and do our own 
extensive training in our products and 
also other technology and apps. The new-
comers may specialize but also receive 
broad training.

SD: Is the company widely involved 
with optics and related associations, such 
as SPIE?

SF: Yes. And SPIE is so prevalent in 
optics, it is our primary connection. But 
we have close associations with many oth-
ers related to various applications. For 
example, the Society for Neuroscience 
in Washington, D.C., which works with 
basic scientists and physicians around the 
world. We also work with quantum think 
tanks and digital pathology associations, 
all at different levels.

SD: What has been the company’s 
experience of Photonics West, over the 
years, and what does the event mean to 

a very large company like Hamamatsu?
SF: Photonics West is absolutely our 

most important and inspirational show. 
It’s where we can interface with existing 
customers, hear about their latest projects 
and learn where various fields are going. 
We understand that there will be more 
than 100 visitors from Japan at Photonics 
West this year. It is a pivotal experience.

FORD BURKHART

Dr. Stephanie Fullerton, 
Hamamatsu’s Life Science 
Manager, responsible for 
camera and systems product 
development, marketing 
& communications. Credit: 
Hamamatsu.

Hamamatsu’s ORCA-Quest qCMOS camera. 
Credit: Hamamatsu.

Hamamatsu’s CEO and President Tadashi Maruno took office in 2022. He is pictured here with the 
Hamamatsu engineering team that developed the company’s latest release in imaging technology: the 
ORCA Quest. Credit: Hamamatsu.



THE Cleaning & 
 Protection System

First Contact Polymer dries, peels and safety cleans telescope and high 
power laser optics, also vacuum and aerospace surfaces for atomically 

clean substrates. Cleanroom clean without the Cleanroom.

• Maintain Mirrors at 
Maximum Reflectivity.

• Extend Coating & Optic 
Lifetimes.

• Fabricate Zero Defect Coatings.
• No outgassing. Space & 
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• Clean CCD's & FPA's!

www.firstcontactpolymer.com
sales@photoniccleaning.com
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www.nktphotonics.com

Drive innovation further with our lasers and fibers! Choose 
from a wide range of ultrafast lasers, supercontinuum white 
light lasers, single-frequency fiber lasers, and an extensive 
variety of specialty fibers. Other innovators use our lasers 
for quantum experiments, neuroscience, nanomaterial 
characterization or in space applications ...

What’s your next innovation?


