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FROM THE EDITOR

Here Be Dragons
CARTOGRAPHY, LIKE MEDICINE, has transformed over the centuries from art 
into science. Due to the challenges of long-distance travel, medieval European map 
makers knew little about what lay across the vast expanse of the Atlantic Ocean, 
nor the far reaches of the Asian continent, aside from stories that had trickled into 
Europe from traders.

Because such areas were unknown, and therefore dangerous, medieval maps 
have long been rumored to include the phrase “Here be dragons” over uncharted 
areas, with fantastical drawings of sea monsters decorating the edges. The truth 
is that the Latin phrase HC SVNT DRACONES has only been discovered on two 
surviving maps. The phrase, like the dragons themselves, is part of the lore.

Early cartographers were not only interested 
in the terrain of terra firma. Physicians have 
striven to understand brain structure and func-
tion for centuries, and early attempts at mapping 
regions of the brain responsible for specific 
functions have a lot in common with medieval 
maps: They’re more art than science. 

The origin of the pseudoscience of phrenology 
is credited to Austrian physicist Franz Joseph 
Gall. He believed that the structure of the 
skull reflected the underlying structures and 
functions of the brain—a theory that picked up 
some popular steam in the 19th century. Other 
phrenologists riffed on Gall’s theories like jazz 
musicians, resulting in many different “author-
itative” brain maps, like this one from 1898, 
which shows the emotion “aversion” to originate 
from the cerebellum.

Like so many areas of science, we’ve come 
such a long, long way in a relatively short time. In May 2020, the Allen Institute 
published in Cell a 3D “reference atlas” of a complete mouse brain, constructed 
from a compilation of 1,675 mice. In June 2021, Google and Harvard University’s 
Lichtman Laboratory released a detailed map of a tiny piece of human brain tissue, 
which they used to image and reconstruct thousands of neurons and millions of 
synapses in a dataset totaling 1.4 petabytes (and freely available online). 

That is to say, the tools of science are only now capable of the sensitivity, speed, 
and storage capacity necessary to begin accurately charting the massive complexity 
of the brain. Meanwhile, new imaging techniques rapidly accelerate our under-
standing of brain structure and function. 

This issue of Photonics Focus looks to the frontier of neuroscience, where new 
worlds are being discovered. We learn about optical tools for measuring olfaction, 
which may reveal new understanding of neurodegenerative diseases. We hear 
of researchers pairing large objective lenses with light-sheet microscopes for 
unprecedented live-organism imaging. And, we explore the recent revelations of 
neuroscience researchers who believe that the brain innately has the necessary 
building blocks for quantum communication.

This frontier is exciting, and there’s little doubt that photonics will be a great 
enabler of tomorrow’s neurologic cartography. There still be dragons in the brain, 
but they’re quickly going extinct.

GWEN WEERTS, EDITOR-IN-CHIEF

Credit: Alesha Sivartha, “Plan of the Brain.” Public domain.
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Talking with Trouble 
A communications expert explains how and why to confront fraught relationships at work 

IT’S INEVITABLE THAT THROUGHOUT YOUR CAREER you 
will encounter challenging relationships or negative situations 
with coworkers. These can range from minor annoyances to 
feelings of dread when forced to interact with a colleague who, 
for you, means trouble. 

It takes courage to attempt to repair a difficult relationship at 
work or to address a challenging situation, but the possibilities 
for a good outcome make it worthwhile.

The impact of addressing and repairing tough situations 
isn’t just about the interactions with a person you don’t get 
along with. It’s about the number of times you’ve complained to 
friends and family about the situation, the distraction it causes 
you at work, the added stress of having angry conversations 
play out over and over in your head, and the general impact of 
this brand of negativity on your overall happiness.

In short, relationships fraught with friction can be cata-
strophic to your peace of mind and they often wreak havoc on 
your performance and engagement as a team member at work.

But you can start to turn these situations around before 
they inevitably pop up at annual review time. The truth is that 
if every leader and employee were able to repair one or two 
strained relationships at work, this would have a huge, positive 
impact on workplace culture and team performance.

SO, HOW DO YOU HAVE THESE CONVERSATIONS?
Start by approaching your colleague in “cold blood,” meaning at 
a time when you aren’t in the middle of friction or frustration, 
and when things are not emotionally charged between you.

Acknowledge that you’ve felt zapped by some static electric-
ity in the relationship, and that there are times when things 
feel especially challenging between the two of you. Invite a 
conversation, if your coworker is willing to talk about how you 
(yes, you) might be able to show up differently and contribute 
to making things easier between yourselves.

THAT MIGHT SOUND SOMETHING LIKE THIS:
“In my experience I’ve observed times when things feel 
challenging between the two of us, and I feel some static or 
frustration. If you are open to it, I would be willing to have a 
conversation about how I might be able to show up differently 
and contribute to making things easier between us, and how 
we can work better together.”

Keep it simple and straightforward. This approach is 
plain and direct, and you take ownership without making 
accusations. The way you approach a difficult conversation is 
extremely important, as is how you proceed. 

DITCH ULTIMATUMS

Don’t corner or force a conversation on your col-
league. Depending on the context and dynamics of 
your relationship with that person, it could feel like a 
blindside. Putting them on the defensive will reduce 
the chance of it being a productive conversation.

Give an option to say “Yes” now or to think about 
it, collect their thoughts, and get back to you later. 
The benefit is that your colleague is choosing to have 
the conversation. This approach puts most people 
in a much more receptive headspace instead of one 
that is reactive and defensive.

FOCUS ON YOUR BEHAVIOR AND BE OPEN TO FEEDBACK
Go in asking and listening—not talking. Ask ques-
tions that will allow you to hear your colleague’s 
perspective and learn more about what might be 
going on for them. Find out if there is a way for you to 
show up differently to improve things for both of you.

The reality is that even if you believe that you are 
100 percent squeaky clean and have done nothing 
to contribute to the off-key situation or faulty rela-
tionship, that is likely not the case. They may have 
a long list of grievances to air about you.

If you truly want to repair this relationship or 
situation then you must ask and listen and be willing 
to hear the other person’s perspective, even if you 
don’t agree.

After hearing them out, create an opportunity to 
share your experience. This can be as easy as asking, 
“Are you open to hearing my perspective and where 
I’m coming from?”

PHOTONICS FOCUS JANUARY/FEBRUARY 2022

RELATIONSHIPS FRAUGHT WITH FRICTION

CAN BE CATASTROPHIC
TO YOUR PEACE OF MIND AND THEY OFTEN

             WREAK HAVOC
                  ON YOUR PERFORMANCE AND  

ENGAGEMENT AS A TEAM MEMBER

                      AT WORK.
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Here are five steps to move through a difficult con-
versation:



MAKE AMENDS WHERE NEEDED, FOCUS ON RESOLVING 
CONFLICT
Take ownership of any ways that your actions may have 
contributed to a fraught situation and make amends 
where needed. Focus the conversation on pinpointing 
the source of friction in the relationship and finding a 
resolution.

Avoid circling around and around what each party 
may have done wrong or, worse, seek to extract a pound 
of flesh for past hurts. Acknowledge what’s past and 
move forward.

IDENTIFY A WIN-WIN SOLUTION 
Ask, “What does a 10 out of 10-point resolution look 
like for you and me?” Both parties should share what 
an ideal relationship would look like. This includes how 
you communicate and interact, what the process of how 
you work together would look like, and how you both can 
show up differently.

BE PREPARED FOR ANY OUTCOME
Navigating and resolving conf lict at work can be 
extremely difficult. Depending on the context of your 
problematic relationship with a coworker and where that 
person is at in their life or workplace situation, you must 
be fully prepared that the conversation may not have the 
result you want.

Your colleague might reject the offer to work things out. 
They might refuse to admit anything is wrong or out of 
place at all. They might not be willing or capable of having 
a difficult conversation in the first place. These types of 
conversations require courage, vulnerability, owning your 
behavior, and acting like an adult.

Sometimes, simply extending an invitation to talk and 
smooth things over breaks tension and helps both parties 
to relax. The point is, prepare yourself for any outcome 
and don’t be too attached to the resolution you want.

It’s worth it for you and the people around you to make 
the effort, take ownership of what you can in a fraught 
relationship, and try to reach a better place. Who knows, 
you might gain a new friend. At the very least, initiating 
a difficult conversation can counteract negative inter-
personal dynamics and a sworn enemy might become a 
person you can at least work with instead. Either way, 
finding the courage to talk about a difficult relationship 
and being open to change is a huge win.

GALEN EMANUELE is a speaker 
and consultant who transforms 
how teams and organizations 
approach and establish culture, 
and perform together at work.
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Watch Galen Emanuele’s YouTube video,  
“How to Deal with Conflict at Work:”  
https://youtu.be/r6lTAPXkSZs
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FIELD OF VIEW

IN THE 2004 HOLLYWOOD BLOCKBUSTER, Eternal 
Sunshine of the Spotless Mind, actors Jim Carrey and 
Kate Winslet play a heartbroken couple trying to erase 
memories of each other from their brains. They use a tech-
nology commercialized by the fictional company, Lacuna, 
to accomplish this task.

During the memory-erasing process we watch as Lacuna 
employees blithely engage in many unethical behaviors that 
carry the science-fiction rom-dram’s storyline. 

But for real-world brain research, there can be no gloss-
ing over of the ethical issues that confront scientists and 
engineers. For them, the growing field of neuroethics is 
on hand to study and guide the ethical, legal, and societal 
implications of cutting-edge neuroscience.

The US National Institutes of Health (NIH) Brain 
Research Through Advancing Innovative Neurotechnol-
ogies® (BRAIN) Initiative was created in 2013, nearly 10 
years after the release of Eternal Sunshine, by the adminis-
tration of then US President Barack Obama. He declared an 
all-out pursuit of breakthroughs in neuroscience to “accel-
erate the development and application of new technologies 
that will enable researchers to produce dynamic pictures of 
the brain that show how individual brain cells and complex 
neural circuits interact at the speed of thought.”

Importantly, Obama also decreed that the ethical chal-
lenges this pioneering brain research might encounter 
should be explored at the federal level.

Today, the NIH spends upwards of $9 billion annually 
on neuroscience research and, in turn, operates one of the 
world’s premiere neuroethics programs. This NIH program 
provides proactive, ongoing assessment and management 
of the neuroethical implications concerning the develop-
ment and application of new tools and technologies for 
neuroscience research.

“I think it’s important to be very clear-eyed about what 
we are saying our goal is,” says NIH’s Khara Ramos, direc-
tor of the neuroethics program. “And if I look at the BRAIN 
Initiative as an example, the stated goal is to understand 
how the brain produces thought perception, emotion, 
behavior. Now, is that going to happen in the next 10 years? 
There’s no way that we’ll be able to solve all of that. But if 
we’re really going to be able to do that, that has some pretty 
serious ethical, legal, and societal implications.”

Burgeoning Field of Neuroethics 
Takes Cues From Big Screen Fiction
Khara Ramos, neuroethics program director at the US National Institutes of  
Health, tackles the ethical dilemmas of brain research

To tackle emerging issues, 
Ramos and others in NIH’s neu-
roethics program meet regularly to 
discuss and better understand the 
directions of brain research, where the 
funding calls are being directed, and how 
the current and proposed technologies may 
impact society, either today or in the future.

The NIH neuroethics program has published a 
strategy with guiding principles for how they approach 
these issues as a funding agency. In addition, Ramos and her 
colleagues are facilitating collaborations to integrate ethics 
into neuroscience research, with a clear goal of a future in 
which neuroethicists are part of research groups working 
alongside biostatisticians and biomedical engineers.

For example, in a recent meeting where a future research 
funding direction was being discussed, Ramos made sure 
the possible ethical implications were discussed at the same 
time as the scientific roadblocks and possible technological 
advancements.

“The idea was to capture detailed information about brain 
function and behavior in real time and be able to correlate and 
understand causal connections between those two into a sort 
of data stream,” Ramos says. “We’re really trying to integrate 
ethics at every step of our research administration process.”

 Having neuroethics integrated into research teams as new 
brain-science tools are built can have a huge impact, Ramos 
believes. With this shift, she hopes engineers will become more 
intentional about the technologies they build, which can lead 
to features like “privacy-by-design” to ensure ethical concerns 
are minimized. If, for instance, we can build tools to record 
neurons while a subject is outside of a lab, she says, we should 
build those tools to allow for the individual to turn off the 
recording by themselves.

“There’s an important piece of understanding what do 
individuals and what does society want from our technology,” 
Ramos says. “I’m not suggesting that individual engineers are 
responsible for understanding that or seeking that out. But I 
think it’s important to be curious about what does that mean 
in practice for me? I think that sort of individual role of being 
curious about this and seeking out partners who have different 
kinds of expertise can paint that broader picture of why we are 
we doing this in the first place.”

Image credit: National Institute of Neurological Disorders and StrokePHOTONICS FOCUS JANUARY/FEBRUARY 20228



Burgeoning Field of Neuroethics 
Takes Cues From Big Screen Fiction
Khara Ramos, neuroethics program director at the US National Institutes of  
Health, tackles the ethical dilemmas of brain research

KEVIN PROBASCO is the SPIE Manager of 
Technical & Community Communications.

Assuming the BRAIN Initiative—
and similar efforts in neuroscience 

research—reaches its long-term goal 
of mechanistic understanding of brain 

function, there are of course many pos-
sible altruistic and uplifting outcomes. 

But one only has to look again to the Hol-
lywood canon for a list of films that portray 

potentially problematic scenarios: Inception, 
The Bourne Trilogy, Memento, and The Manchurian  

Candidate are a few, perhaps obvious, examples. 
The silver screen often points to real-world ethical challenges 

taken to unrealistic extremes, a problem not lost on Ramos: “Hype 
is really not helpful either in neuroscience or in neuroethics, but 
even scientifically unjustified concern can exist in the public. 
Which can have real implications for science, even if it’s completely 
a nonstarter scientifically.”

Dream-erasing movie villains aside, it’s easy to see the brain 
is unlike any other organ in the human body and brain research 
introduces some very complex questions for the field of neuroeth-
ics to grapple with. It’s important for researchers and engineers, 
as well as the public, to think about the implications of science 
and technology and how to ensure the negative impacts are 
limited, because, as Ramos says, these questions will not stop:  
“Cutting-edge science requires cutting-edge ethics, which is to say 
that, as science advances, our understanding of the ethics of that 
science, also has to advance.”

Guiding Principles of Neuroethics for the  
NIH BRAIN Initiative
• Make assessing safety paramount

• Anticipate special issues related to capacity, autonomy, and agency

• Protect the privacy and confidentiality of neural data

• Attend to possible malign uses of neuroscience tools and 
neurotechnologies

• Move neuroscience tools and neurotechnologies into medical or 
nonmedical use with caution

• Identify and address specific concerns of the public about the brain

• Encourage public education and dialogue

• Behave justly and share the benefits of neuroscience research and 
resulting technologies

THE GROWING FIELD OF

   NEUROE THICS
IS ON HAND TO STUDY AND GUIDE THE

                   ETHICAL, LEGAL, AND SOCIETAL

                IMPLICATIONS OF CUTTING-EDGE

NEUROSCIENCE
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EVEN BEFORE THE COVID-19 PANDEMIC gave rise 
to historic worker shortages, a demand crisis was 
underway in the so-called new-collar workforce of 
technicians and other skilled workers for the global 
optics and photonics industry. 

 Back in 2019, before most people had even heard 
the word “coronavirus,” the shortage, at least in the 
US, was blamed on an unwarranted stigma asso-
ciated with two-year technical college associates 
degrees, as well as a lack of awareness about optics 
and photonics among high schoolers.

 But, “the technician shortage has become more 
dire,” says Alexis Vogt, PhD, endowed chair, and 
professor of optical systems technology at Monroe 
Community College (MCC) in Rochester, New York. 

And though the educational and cultural land-
scapes are somewhat different, the burgeoning 
photonics industry in Europe is also grappling 
with skilled workforce shortages driven, in part, 
by pandemic-related demand. Still, on both sides 
of the Atlantic, people in government, academe, 
and industry are working to address the short-
ages, channeling the demands of our time to drive 
changes for the good of all parties. 

Whereas prepandemic Vogt may have received 
requests for tens of students from her program each 
year, in recent months the requests have skyrock-
eted, she says. Companies like glassmaker Corning 
Inc., and semiconductor manufacturer ASML, for 
example, have asked if she could provide 100 and 
300 optics-trained technicians, respectively—by 
December 2021. 

“The shortage is impacting our growth and 
innovation,” Vogt says of the optics and photonics 
industry. “Without enough technicians, we are sti-
fling productivity and limiting the degree to which 
the industry can support the research that our 
optics engineers are being counted on to conduct.”

Yet, despite these workforce deficits and the 
somewhat bleak outlook for MCC and other com-
munity college programs in the US, there are some 
positive indicators. Six years ago, Vogt says, only 
five students were enrolled in her program. “All we 
kept hearing about was a decline in enrollment.” 

In fall of 2020, however, her enrollment numbers 
jumped to 79 students and by fall of 2021, “we had 
101 students in our program.” She says the necessity 
for online education during the pandemic opened 

another opportunity: “The pandemic has helped us reach students who 
don’t live in Rochester.”  

Throughout the pandemic, Vogt’s MCC students working in indus-
try kept their jobs in part because all optics companies were deemed 
essential. Local companies like custom-optics manufacturer Sydor 
reported having their best year ever in 2020. 

What’s more, Vogt says, companies are realizing that there must be 
incentives if they are to compete for skilled workers. Sydor has a pro-
gram that will pay workers’ tuition for the MCC program, and Corning 
has a technician pipeline program. 

Each semester, Corning chooses five students from Vogt’s program. In 
exchange for students working eight hours per week during the school 
year and fulltime during summer break, Corning pays all their tuition 
and fees and includes another $60,000 bonus paid out over two years.

But the shortage of skilled workers is not limited to the US. Europe’s 
thriving optics and photonics industry, which impacts about 10 percent 
of the European Union (EU) economy, is scrambling to find solutions 
to its historic worker demand. 

During a recent webinar, Robert Sewell, head of academic affairs 
at ICFO, the Institute of Photonic Sciences in Barcelona, Spain, spoke 
about the CARLA project (the European photonics CAReer LAunch 
path), which is intended to address Europe’s shortage of skilled workers 
in optics and photonics.

The two-year project, funded by the EU, encompasses photonics career 
camps, which he described as two-day intensive, multiformat events 
meant to encourage STEM university students, PhD students, and young 
postdocs to pursue an industry career in photonics at every level—from 
the manufacturing floor to research and development. The project, which 
began in 2021, will host 11 pilot camps in 10 different EU countries where 
it aims to reach out to more than 150,000 students and researchers while 
also engaging 110 companies and 55 universities.

Confronting the Skilled Labor Crisis 
in Optics and Photonics

On both sides of the Atlantic, industry, academe, and governments are scrambling to find solutions 



       

“The project aims to support the growth, leader-
ship, and innovation potential in the photonics area, 
and address the need that Europe has for more well- 
prepared professionals to enter the field,” said Sewell. 
“It will create a rigorous and tested instrument to 
address this need at the source.”

What’s more, Sewell said, CARLA accounts for the 
values of Generation Z whose members are entering 
the workforce where they expect and value diversity 
amongst coworkers, access to mentors and role mod-
els, collaborative work environments, opportunities to 
tackle big and meaningful challenges, work-life balance, 
and career mobility including international mobility.

From an industry perspective, these can be tough 
but welcome challenges, said Martina Mueller of Swiss 
holograms-for-security manufacturer, 3D AG. For her 
company and others, even highly educated university 
graduates must be trained to perform industry-specific 
processes, which can be time consuming and costly. 
That fact, combined with IP protection and compa-
ny-specific trade secrets, are realities that don’t always 
mesh well with government and university training 
programs or Gen Z workers’ desires for mobility and 
ever-changing experiences. Still, she applauds the 
Swiss government’s awareness and responsiveness to 
the shortages.

In Scotland, laser manufacturer Chromacity said 
there is a need for highly skilled workers at every level if 
industry there is to remain a vital part of the economy. 

“Ironically enough,” said Chromacity’s head of man-
ufacturing, Bill Handyside, “The COVID pandemic has 
provided an opportunity to act on [the worker short-
ages] quite quickly because the Scottish government 
has introduced a scheme called the National Transition 
Training Fund.” 

The fund, to fight pandemic-related unemployment, 
is specifically aimed at promoting in-demand skills for 
digital and advanced manufacturing, including pho-
tonics skills. Handyside said the idea is for industry to 
be able to recruit more workers than possible through 
university channels. He said it will provide training in 
key skills for entry level jobs in areas such as optome-
chanical engineering. 

At Chromacity, as at other optics and photonics man-
ufacturers, the opportunities are exploding to provide 
advanced technology for microscopy, spectroscopy, 
quantum optics, and quantum sensors, to name just 
a few areas.  It’s imperative, he said, that government, 
industry, and academe continue to address the problem 
of “getting more bodies in the workforce.”

Industry Updates
M&A
» Lighthouse Imaging LLC acquired by Precision Optics 

Corp. for $2.9M effective October 7, 2021.

» Sense Photonics, Inc. acquired by Ouster, Inc. for an 
undisclosed amount effective October 25, 2021. Sense 
Photonics is now Ouster Automotive.

» Videology Imaging Solutions, Inc. acquired by inTEST 
Corp. for $12M effective October 29, 2021.

» SCALABLE Network Technologies, Inc. acquired by 
Keysight Technologies, Inc. for an undisclosed amount 
effective October 18, 2021.

» L3Harris Electron Devices and L3 Narda Microwave- 
West acquired by Arlington Capital Partners for an 
undisclosed amount effective October 4, 2021. The 
companies now operate as Stellant Systems.

» BioVision, Inc. acquired by Abcam plc for $340M 
effective October 27, 2021.

» Innovium, Inc. acquired by Marvell Technology Group 
Ltd. for $1.1B effective October 5, 2021.

» JGR Optics, Inc. and OptoTest Corp. acquired by Santec 
Corp. for an undisclosed amount effective November 11, 
2021.

» Molecubes N.V. acquired by Bruker Corp. for an 
undisclosed amount effective November 19, 2021.

» United Silicon Carbide, Inc. acquired by Qorvo, Inc. for 
an undisclosed amount effective November 3, 2021.

» FISO Technologies, Inc. acquired by Resonetics, Inc. for 
an undisclosed amount effective November 9, 2021.

» Zebra Medical Imaging, Ltd. acquired by Nanox Imaging 
Ltd. for $110M effective November 8, 2021. Zebra now 
operates as Nanox AI.

» SwissOptic AG, SwissOptic Wuhan Co., Ltd. and BG 
Medical Applications acquired by JENOPTIK AG for an 
estimated combined €300M, effective November 30, 
2021.

» Hologic, Inc. to acquire Bolder Surgical, LLC for $160M. 
The transaction was expected to close by the end of 
2021.

» Lumentum to acquire NeoPhotonics for $900M. The 
transaction is expected to close in Q3 or Q4 2022.

Executive Updates
» Bernard Kress is the new Director of Optical Engineering 

on AR at Google. He was formerly the partner optical 
architect on Microsoft Hololens.

» Valentin Gapontsev, founder, CEO, and chairman of IPG 
Photonics, passed away on 22 October 2021.

» Jochen Hanebeck appointed CEO of Infineon 
Technologies AG effective April 1, 2022. He will succeed 
Reinhard Ploss. 

» Americo Lemos appointed CEO of IQE effective January 
10, 2022. He will succeed IQE founder Drew Nelson.

» William Cho appointed CEO of LG Electronics Inc.  
effective December 1, 2021. WILLIAM G. SCHULZ 

is the Managing Editor 
of Photonics Focus.
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Gas Lighting, For Real
MEDICAL DIAGNOSTICS are alight with a gamut 
of new photonics technologies to aid clinicians— 
witness the rise of the pulse oximeter on a running 
trail near you. Now, a light-based technology known 
as gas-in-scattering-media absorption spectroscopy 
(GASMAS) may allow noninvasive optical sensing of 
respiratory volumes. 

Using tunable diode-laser spectroscopy, GASMAS 
turns optical signals into information for measuring 
gas concentration. Reference models, known as “phan-
toms,” afford relevant features that help biomedical 
optics researchers identify technical challenges and 
potential applications of GASMAS technology.

Researchers in Ireland recently developed a lung 
phantom that mimics the optical properties and struc-
ture of the lung, including, importantly, tiny alveoli. 
Unlike previous work that excluded modeling the alve-
oli because of their anatomical complexity, the team 
at Tyndall National Institute (TNI) have used their 
novel lung phantom to demonstrate the feasibility of 
GASMAS to sense changes in gas volume in a controlled 
environment mimicking lung tissue. 

Previous work toward clinical use of GASMAS for 
respiratory healthcare has focused on neonates because 
the thickness of protective organs surrounding their 
lungs is within the limits of penetration depth for 
near-infrared light. Researchers say that the extension 
of GASMAS technique beyond neonates will depend 
on advances in miniaturization and integration of 
pulmonary endoscopes with GASMAS probes. But they 
also need to model the whole lung, including alveoli. 

The TNI Biophotonics team’s “lung” features a sys-
tem of capillaries that can be variably and progressively 
filled with liquid that matches the optical properties 
of lung tissue, allowing incrementally variable pockets 
of air that mimic air-filled alveolar sacs. Light trans-
mission corresponds to the capillary content in a way 
that’s analogous to lung inflation and deflation. And it 
all takes place within a controlled environment that 
mimics the humidity and temperature of the body, 
typically maintained at ~37 degrees Celsius.

(A. Pacheco et al., J. Biomed. Opt. 2021, doi: 10.1117/1.
JBO.27.7.074707)

These Chips Are Way 
Down
RESEARCHERS HAVE BEEN EXPLORING development of 
optical phase modulators that operate in visible wavelengths 
to develop a broad range of emerging applications. Such an 
integrated photonics device would have a full dance card for 
the hottest technologies such as chip-scale lidar, AR/VR/MR 
goggles, holographic displays, quantum information process-
ing chips, and implantable optogenetic probes in the brain. 

But phase modulators in the visible range are very hard 
to make. The two most suitable materials, silicon nitride 
and lithium niobate, while highly transparent in the visible 
range, provide little in terms of tunability. Visible spectrum 
phase modulators based on these materials are bulky, power- 
hungry devices that make achieving large scale integration 
of thousands of devices on a single microchip difficult, to 
say the least. 

Using micro-ring resonators, researchers at Columbia 
University have found a way to dramatically reduce both 
the size and power consumption of a visible-spectrum phase 
modulator, from 1 mm to 10 microns, and from tens of mil-
liwatts for π phase tuning to below 1 mW. 

Conventional optical phase modulators operating at visible 
wavelengths are based on light propagation in waveguides. 
The team says their key to downsizing was to use an optical 
resonator and to operate it in the so-called strongly over- 
coupled regime. Optical resonators are structures with a high 
degree of symmetry, such as rings that can cycle a beam of 
light many times and translate tiny refractive index changes 
to a large phase modulation. The researchers say their break-
through promises to greatly expand the horizon of large-scale 
visible-spectrum integrated photonics.

(G. Liang et al., Nat. Photon. 2021, doi: 10.1038/s41566-
021-00891-y)
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Chips ‘n’ Quantum, Please

Illuminating Karl Deisseroth 
KARL DEISSEROTH, a research scientist, medical doctor, 
and a psychiatrist at Stanford University School of Medicine, 
has developed state-of-the-art tools to study the brain and 
how neural circuits drive behaviors essential for survival, 
but also to understand mental disorders. He shared the 2021 
Albert Lasker Basic Medical Research Award for his work on 
light-sensitive microbial proteins and optogenetics. In the 
October 2021 issue of Neurophotonics he talks with associate 
editor Yeka Aponte, a principal investigator at the National 
Institute on Drug Abuse at the National Institutes of Health, 
and adjunct assistant professor of neuroscience at Johns 
Hopkins University.

The wide-ranging, Q + A style interview includes Deisse-
roth’s musings on his early interest in neuroscience: 

“As a little kid, I was kind of introspective and thought about 
what was going on in my head, and then I really developed a 
love of writing and literature. I was curious about how words 
and sentences could make me feel, and I was interested in the 
communication between words and the brain and feelings.”

And he comments on optogenetics: “It’s a way to give us 
a deep, cellular-resolution, and causal understanding of the 
amazing things that happen in the brain. And that is the 
foundation you need for everything.”

(Y.  Aponte, Neurophoton. 2021, doi: 10.1117/1.NPh.8.4.040401)

RING A BELL (STATE) FOR QUANTUM COMMUNICATIONS. 
Researchers in China report quantum communication with 
a silicon photonics-based chip with a superconducting 
nanowire single-photon detector (SNSPD). The excellent 
performance of the chip allows them to realize optimal 
time-bin Bell state measurement and to significantly 
enhance the key rate in quantum communication.

The single-photon detector is essential for quantum 
key distribution (QKD) and highly desirable for photonic 
chip integration to realize practical and scalable quantum 
networks. By harnessing the unique high-speed feature of 
the optical waveguide-integrated SNSPD, the dead time of 
single-photon detection is reduced by more than an order 
of magnitude. This in turn allows the team to resolve one 
of the long-standing challenges in quantum optics: optimal 
Bell-state measurement of time-bin encoded qubits.

The team’s results are important from a fundamental 
perspective, but also for practical applications of quantum 
communications. The team employs the unique advan-

tages of the heterogeneously integrated, superconducting 
silicon-photonic platform to realize a server for mea-
surement-device-independent quantum key distribution 
(MDI-QKD). This effectively removes all possible detec-
tor side-channel attacks and enhances the security of 
quantum cryptography. Combined with a time multiplex 
technique, the method obtains an order-of-magnitude 
increase in MDI-QKD key rate.

By harnessing the advantages of this heterogeneously 
integrated system, the team obtained a high secure key 
rate with a 125 MHz clock rate— comparable to state-of-
the-art MDI-QKD experimental results with GHz clock 
rate. Combined with integrated QKD transmitters, the 
researchers say, a fully chip-based, scalable, and high-key-
rate metropolitan quantum network should be realized 
in the near future. 

(X. Zheng et al., Adv. Photonics 2021, doi: 10.1117/1.
AP.3.5.055002)
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WILLIAM 
OLDENDORF 
Inventor of computed axial tomography helped 
move brain diagnostics out of the dark ages 

By William G. Schulz

BILL’S MIND
WAS EINSTEIN’S UNIVERSE ,

FINITE, BOUNDLESS.
ALWAYS R E ACHING

INTO S PH E R E S

YOU WOULDN’T IMAGINE.

 ”

“

method for brain imaging, which he patented 
in 1963. As he described his original idea, the 
machine would emit a collimated high-energy 
beam of photons from a source, on one end of a 
fixed arm, with a detector sitting directly across 
a gap.  A patient’s head would be placed in the 
gap, that is, the beamline, between source and 
detector. 

“These photons are directed through the 
[subject’s head] and, by virtue of their removal 
from the beam, map the internal structure,” 
Oldendorf wrote in a 1978 review paper in Neu-
rology describing his invention. “The procedure 
is similar to shadow radiography but film is 
replaced by an x-ray detector and the moving 
narrow beam of x-rays permits a point-by-point 
plot of the transmission of the object.”

Oldendorf’s inspiration for CT scanning was 
the result of an intuitive leap driven by his pas-
sion for replacing some of the most traumatic 
and invasive procedures of mid-20th century 
neuromedicine.

In the review paper, he describes a social 
gathering some 20 years earlier at which one 
engineer sought advice on devising an x-ray 
method for rejecting frostbitten oranges at 
harvest. 

“Of course, it’s much too expensive to radio-
graph every orange,” writes Oldendorf. “The 
engineer was working on an automated method 
in which he proposed to allow oranges to roll, 
one at a time, through a beam of x-rays…it 
occurred to me that it might be possible to 
consider the orange analogous to a head and the 
dehydrated spots to internal structural details 
of the brain.”

NOBODY IS RECOGNIZED FOR HAVING ALMOST WON a Nobel Prize. 
Well, no one, perhaps, except William H. Oldendorf, a pioneering  
neurologist and medical device inventor at the University of California, 
Los Angeles medical school and the Brentwood Veterans Administration 
(VA) hospital. 

Oldendorf was indisputably an early developer and inventor of comput-
erized axial tomography, aka the CAT scan. But despite his patent of the 
first CT scanning device, which was backed by published research, the 
1979 Nobel Prize in Physiology or Medicine was shared only by Allan M. 
Cormack and Godfrey N. Hounsfield “for the development of computer- 
assisted tomography.” Oldendorf, it is said, was dropped from the list in 
a last-minute decision by the sages of Stockholm.

In a gossipy 1980 essay about the ensuing outrage among Oldendorf 
supporters, science writer William J. Broad reported that “Reasons 
given for the omission of Oldendorf include consideration by the Nobel 
Assembly of the effect that awarding the prize to two Americans and one 
Englishman [Hounsfield] would have on the multimillion-dollar litigation 
of patent rights now underway between US and British manufacturers of 
CAT scanners. Another is discrimination against a physician-clinician by 
the basic science faction of the Nobel Assembly.”

Prize or no prize, Oldendorf, who came to be known as the Thomas 
Edison of medical device innovation, created a truly revolutionary new 
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Upon learning that Oldendorf did not share 
the prize for his pioneering work on CT scanning, 
physicist and Nobel Laureate Rosalyn Yalow, 
was quoted as saying, “The only thing that will 
make it up is if he gets another money award. 
But you don’t go down in history with money. 
You go down with a Nobel.”

Oldendorf did win many prizes over the 
course of his distinguished career, and he 
was nominated for the Nobel by Yalow. His 
research included pathbreaking studies of cere-
bral metabolism and the biomechanics of the 
blood-brain barrier. In 1975, he was awarded 
with Hounsfield—who he always credited with 
further innovation that would make CT scan-
ning a workhorse medical device—the Albert 
Lasker Clinical Medical Research Award, often 
called the American Nobel. And in 1976, he 
was recognized for his “development of nuclear 
techniques in clinical neurology,” which includes 
CT scanning, with the VA’s prestigious William 
S. Middleton Award.

In a tribute to Oldendorf, shortly after his 
death in 1992, a colleague recalled him as 
“immediately likeable, friendly, and extremely 
amusing. His ability to apply techniques from 
one field to another was uncanny.”

L. Jolyon West, then chairman of psychiatry 
at UCLA wrote, “Bill’s mind was Einstein’s uni-
verse, finite, boundless. Always reaching into 
spheres you wouldn’t imagine.”

Today, thanks to Oldendorf and others who would further develop CT 
scanning and other brain imaging modalities, such chilling words as 
“exploratory surgery” and “carotid angiogram,” which involves a needle 
and that artery, have hit the medical discard pile. 

In the 1961 paper describing the first experimental CT scanning device, 
Oldendorf writes about his motivation: “Each time I perform one of these 
primitive procedures I wonder why no more pressing need is felt by the 
clinical neurological world to seek some technique that would yield direct 
information about the brain without traumatizing it.”

For a complete scan, Oldendorf added to his experimental device rota-
tion of the beam source and detector around the subject. He writes, “For 
simplicity I originally kept both the source and the detector stationary and 
created the necessary relative motions by moving a cranial model. This 
model of the head consisted of two rings of irregular iron nails (to simulate 
the skull) with an iron nail and an aluminum nail near their center (to 
simulate intracranial structural details).”

Other materials Oldendorf used in his experimental device included 
plumber’s lead, melted on the kitchen stove, and an H-O gauge train flatcar 
and track borrowed from his son. He describes a tour-de-force of American 
garage-style innovation:

“The entire model was then mounted on a 16 rpm phonograph turn-
table in such a way that the axis of rotation of the turntable intersected 
the beam of gamma rays. Pulling the flatcar along the track was a radio- 
receiver-dial string assembly, connected to a pulley that was in turn 
attached to a discarded spring-driven alarm-clock motor. This apparatus 
moved the point of intersection of the axis and the beam through the model 
at 80 millimeters per hour.”

A year after Oldendorf published his review paper, the Nobel Committee 
reached its decision, the details of which have probably gone to several 
graves by now. In his essay, Broad suggested another, more subtle reason 
Oldendorf may have fallen off that year’s prize list at the last minute:

“Conspicuously absent from Oldendorf’s original paper is mention of 
mathematics. Instead of a computer, he used a circuit to reconstruct 
internal points from the hypothetical patient’s head.” The idea being that it 
was Cormack and Hounsfield’s precise mathematical constructs for planar 
imaging of the brain that made CT scanning practical and marketable. 



Oldendorf’s prototype for 
his CT scanning device was a 
triumph of American-garage-
style innovation (left). 

Oldendorf’s prototype 
CT scanner used nails to 
represent internal structures 
in the brain (right).

WILLIAM G. SCHULZ is 
the Managing Editor of 
Photonics Focus.
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Photonics can aid scientists 
as they probe how our sense 
of smell works, from the nose 
to complex structures inside 
the brain

By Nancy Averett

ULA CHROBAK was getting ready for her day last January 
when she realized she’d lost her sense of smell. Her nose 
couldn’t pick up the perfumed scent of the lotion that she 
was using. She had already tested positive for COVID-19 
three days prior, so she wasn’t surprised.

Still, Chrobak worried how long the condition might 
last; some COVID-19 patients lose their sense of smell for 
months. To her relief, a week later, while driving, she passed 
a dead skunk on the side of the road and realized that she 
could discern its pungent aroma. “I was like, ‘Oh my God, 
I can smell,’” she says. 

Scientists don’t know exactly how the SARS CoV-2 virus 
interferes with the olfactory system. In part that’s because 
smell is the least understood of our senses. Researchers 
know the nose is crammed with millions of olfactory neu-
rons. But they’re still discovering how the brain processes 
smells. For instance, how does the brain discern between 
the scent of sauerkraut versus chocolate chip cookies? And 
why does the scent of something from the past—such as our 
grandmother’s perfume—trigger memories?

Photonics plays a major role in this neuroscience 
research. Investigators shine lasers at odors embedded with 
fluorescent molecules to visualize smells. They also bounce 
light off miniature mirrors to precisely excite light-sensitive 
proteins inside olfactory bulb neurons, allowing them to 

view the neuron-firing sequence. Finally, to see deeper parts of the 
brain in live mammals, they employ high-powered microscopes that 
use long-wavelength, lower energy light that can penetrate far down 
into tissue without damaging it and, once again, turn on fluorescent 
molecules inside neurons.

This technology can be found in the labs of researchers who are 
part of the US National Science Foundation-funded Odor2Action 
network, as well as the US National Institutes of Health–funded 
Osmonauts. The former aims to understand how animals use 
information from odors to guide behavior, while the latter wants 
to characterize how odor information is sequentially transformed 
by neural circuits to generate meaningful perception. 

Both multidisciplinary projects work in accord with a bigger prin-
ciple: that understanding the olfactory system can lead to greater 
insight into the workings of the brain.

 “We’re using olfaction as a mechanism or vehicle to try and 
narrow down our approach of looking at brain function,” says John 

ILLUMINATING 
OLFACTION TO 
EXPLORE BRAIN 
FUNCTION
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UC Boulder professor 
John Crimaldi from 
the Department of 
Civil, Environmental 
and Architectural 
Engineering, right, and 
postdoctoral research 
associate Aaron True 
at work in Crimaldi’s 
lab.

Crimaldi, professor of civil, environmental, and 
architectural engineering at the University of 
Colorado, Boulder, who runs a lab that looks at 
interactions between fluid physics and ecology. 
“It’s not as random as it sounds,” he adds. “Even in 
the primordial soup, bacteria were able to sense 
chemical gradients around them and that’s sort 
of the precursor to olfaction.” 

Indeed, because the human brain evolved in 
parallel with our sense of smell, Crimaldi and 
others say, the olfactory system may be the best 
window into how our complicated gray matter 
works. In addition to understanding why loss of 
smell is a symptom of some viral illnesses like 
COVID-19, such research could eventually be a 
steppingstone to a better understanding of neu-
rological problems related to the sense of smell 

such as Alzheimer’s and Parkinson’s disease. Loss 
of smell is an early indicator of such illnesses; 
scientists believe studying this might reveal the 
molecular mechanisms involved in the beginning 
phases of the diseases. “Ultimately, we believe this 
fundamental research will benefit human health,” 
says Justus Verhagen, a fellow at the John B. Pierce 
Laboratory and an associate professor of neurosci-
ence at Yale University School of Medicine. “That 
is a big thing.”  

Nevertheless, making the leap from under-
standing olfaction to understanding neurode-
generative diseases won’t be easy. One of the 
difficulties of studying smell is that it’s hard to 
control the amount of stimulus that subjects are 
exposed to. Researchers often use olfactometers, 
instruments that can deliver a more precise 

PHOTONICS FOCUS JANUARY/FEBRUARY 2022 17



PHOTONICS FOCUS JANUARY/FEBRUARY 202218

Once the mice were trained to recognize the signal and 
receive a reward, Rinberg altered the timing and order 
of the activated glomeruli to determine how that might 
affect their ability to perceive the odor and act on it. 

“Optogenetics gave us an opportunity to really manipu-
late this neuronal activity and see which features are more 
or less important,” Rinberg says. “And we have discovered 
many interesting things. For example, odor perception is 
based on a temporal sequence of receptor activation, like 
a melody is a sequence of different notes. And we found 
that for odor identification the first note is more important 
than the second.”

Rinberg says he hopes this discovery will help 
researchers figure out the minimum number and type 
of receptors needed by the olfactory bulb to identify a 
particular smell. He also dreams of being able to figure 
out how to recreate a real-world smell in an animal’s 
olfactory bulb and watch how it responds. “We are not 
able yet to reproduce any odor found in nature, like a 
rose,” he says, “because the smell of a rose has a lot of 
complicated features. So, this is still a challenge for us.” 

ONE OF THE DIFFICULTIES

  OF STUDYING SMELL
IS  THAT IT ’S  HARD TO CONTROL

THE AMOUNT OF STIMULUS 

  THAT SUBJECTS ARE

                    EXPOSED TO.

concentration of an odor to a subject’s nose for better control. But 
olfactometers can’t quite mimic the natural world. Odors ride along 
on air or water currents and disperse in different directions over 
time. They’re also invisible. 

Crimaldi has found a way around this problem. Inside his ecolog-
ical fluid dynamics lab, he introduces surrogate odors—chemicals 
that behave exactly like odors but contain a fluorophore—into a wind 
tunnel and then shines a laser into it. The light excites the surrogate 
odor’s fluorophore, causing it to re-emit light at a different color 
wavelength than the laser. Cameras outfitted with filters that only 
pick up the flourophore’s wavelength capture images of the odor 
plume as it moves through the tunnel. 

From there, Crimaldi can quantify precise measurements of a 
plume and use those measurements to recreate it digitally. He and 
his graduate students can then model how a virtual mouse might 
move through such a plume to locate a reward. “It’s a virtual mouse 
in a virtual odor plume,” he says.  “But the odor plume is very close 
to an exact representation of what exists in nature.”

Crimaldi and Verhagen are now working on using those odor 
plume measurements in a more realistic setting. They attach tiny 
olfactometers to real mice and place the rodents into a virtual 
reality backdrop, so the rodent sees a movie that makes it feel like 
it’s moving. Data sets of odor plumes gathered in Crimaldi’s lab 
then drive the scent released in the olfactometer so that the animal 
perceives the odor as if it were wafting through the air. This virtual 
reality setting allows the scientists to determine at what point into 
the plume and at what level of concentration the animal perceives it. 
The mice get a reward when they smell the odor and perform a task. 

“So, both visually, tactically, in terms of motion, and then from an 
olfactory perspective, the animal is getting information that makes 
it feel like it’s in an aroma,” Crimaldi says. 

While he and Verhagen’s virtual reality work focuses on creating 
the most realistic odor stimulus possible, other investigators are 
looking more at the internal workings of the olfactory bulb itself, 
a part of the brain that sits just behind the nose and conveys odor 
information from the nose to the brain. Scientists already know that 
scents attached to air-bound molecules trigger receptor cell neurons 
that for animals and humans are located in the lining of the nose. 
Those cells then send electrical signals to bundles of nerve endings 
inside the olfactory bulb called glomeruli, which then transmit odor 
information first to the piriform cortex and then to the olfactory 
cortex, the brain’s main processing site for olfactory information.

Until recently, scientists had not been able to track how a par-
ticular smell might play across these clusters of nerve endings. 
They knew that the timing and order of glomeruli activation was 
different for each smell but could not pinpoint what those exact 
patterns might be. Then, in 2020, Dmitry Rinberg, professor of 
neuroscience and physiology at New York University, figured out a 
way using optogenetics. Rinberg took mice that had been genetically 
engineered to have special proteins in their olfactory bulb neurons 
that would illuminate when the researchers shined a light on them. 
Using a digital micromirror device, he activated a pattern in the 
mice’s glomeruli that was known to evoke an odor—though not 
one found in the natural world—and rewarded the mice when they 
perceived this odor and pushed a lever. 
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SARS-CoV-2 
infection in 
olfactory bulb 
cells

Indeed, Rinberg can’t say exactly what odor his mice 
smelled. Instead, he had to infer that they were smelling 
an odor by experimenting with turning on patterns of 
glomeruli until he hit one that triggered the mice to get 
their reward as quickly as they would have when smelling 
a natural odor. “The logic here is that if these were very 
artificial smelling signals, it would take them a much 
longer time to learn the task,” he says. “For example, if 
you can walk, and I ask you to walk on a treadmill, or 
with different shoes, you will learn to do it very quickly, 
but if I ask you to bike and you never biked before, it will 
take you much longer.”

While Rinberg has focused on initial odor processing 
in the olfactory bulb, other scientists are looking at 
what happens when that information moves deeper into 
the brain—first to the piriform and then the olfactory  
cortex—and how it may trigger particular behaviors. 

Sandeep Robert Datta, associate professor of neuro-
biology at Harvard University Medical School, made 
some inroads last summer when he published a study 
that showed for the first time how relationships between 
different odors are encoded in these deeper brain areas.

First, Datta and his colleagues employed machine 
learning to sift through thousands of chemical structures 
known to have odors. They analyzed each structure’s 
attributes such as the number of atoms, molecular weight, 
and electrochemical properties. This allowed them to 
figure out how similar or how different any odor was com-
pared to another, and from there they built three sets of 22 
odors each, and with high, intermediate, or low diversity.

Last, they exposed mice to various combinations of 
odors from the different sets and used multiphoton 
microscopy, which involves shining a strong beam of 

near-infrared light onto a single point in the brain to create the 
simultaneous absorption of two photons at the spot where the inten-
sity is highest. This long-wavelength, low-energy light allows Datta 
to penetrate deeply and safely into the brain tissue of mice to image 
patterns of neural activity in the piriform cortex and olfactory bulb. 
Datta’s mice had been bred to have a genetically encoded fluorescent 
calcium indicator within their piriform cortexes so that light can 
activate odor signal activity there. 

Datta and his colleagues found that odors with similar chemical 
signatures, such as lemons and limes, were reflected by similarities 
in neural activity and vice versa. They believe this is the brain’s way 
of categorizing odors, perhaps for faster processing. 

“All of us share a common frame of reference with smells. You 
and I both think lemon and lime smell similar and agree that they 
smell different from pizza, but until now, we didn’t know how the 
brain organizes that kind of information,” Datta says. “This is the 
first demonstration of how the olfactory cortex encodes information 
about the very thing that it’s responsible for.”

Scientists still have a long way to go to understand olfaction. Even 
though smell was perhaps the first sense to evolve in mammals, 
scientists have spent far more time investigating sight and hearing. 
That’s partly because humans are first visual and then auditory crea-
tures. One-third of the human brain is used for visual processing. 
It’s also easier for researchers to manipulate visual and auditory 
stimuli. A scientist can alter the shape, size, or color of an object. 
They can easily lower the pitch on a sound or change the direction 
it’s coming from. But smell is a different animal. “Odorants are 
nebulous,” Verhagen says. “They’re kind of hard to control.”

Photonics is helping to solve that problem, offering researchers a 
new way to visualize odors as they move through the air and to see 
how odor information is processed in different parts of the mam-
malian brain. Once researchers can understand how a smell moves 
from the olfactory bulb to deeper in the brain, how it’s processed in 
those areas, and how it consequently gives rise to different behaviors, 
they have at least a partial roadmap of the inner workings of our 
gray matter and its tens of billions of neurons. 

From that first map may come others. Crimaldi, Verhagen, and 
other olfactory neuroscientists—who have an admitted bias for the 
sense of smell—believe that once science has figured out olfaction, 
they should have a jumping-off point for starting to untangle more 
knowledge about brain function. Defining how our sense of smell 
works should also help us better understand why diseases, like 
COVID-19, may cause temporary or permanent loss of the sense 
of smell. 

“It can be really unsettling when you lose one of your senses,” 
Chrobak says. “I guess you can get by without your sense of smell, 
but it’s a useful thing to have. I use it to tell if my food’s gone bad and 
to experience food…It was quite a relief when I realized it was back.”



NANCY AVERETT reports 
on science, technology, 
and the environment from 
Cincinnati, Ohio.
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OPTICAL

NON-OPTICAL

FUNCTIONAL

Functional near-infrared  
spectroscopy (fNIRS)
Uses infrared light and fiber optics to 
monitor changes in cerebral blood flow in 
freely moving patients. Provides information 
about cognition, motor control, psychiatric 
conditions, and cognitive development

Functional magnetic 
resonance imaging 
(fMRI)
Uses radio waves and magnets 
to image cerebral blood flow 
and understand effects of brain 
disorders like Alzheimer’s, stroke, 
epilepsy, and brain injury

Electroencephalography 
(EEG)
Noninvasive method that uses 
electrodes to record the electrical 
activity of populations of neurons; 
can track a brain response in 
milliseconds

Positron emission  
tomography (PET)
Often combined with a structural 
imaging device such as MR, PET 
images molecular interactions and 
pathways and is useful for therapeutic 
dosimetry, like measuring absorption 
of cancer drugs

Neuroscientists and clinicians 

rely on a toolkit of imaging  

modalities to understand  

the brain

SEEING THE

BRAIN
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OPTICAL

NON-OPTICAL

STRUCTURAL

Multiphoton microscopy 
(MPM)
Used only in live animal studies and 
human tissue samples, this method 
can image from the molecular scale 
to the whole organism, and image 
deep in the brain down to hundreds 
of µm

Computed tomography 
(CT)
Uses x-rays to generate cross-
sectional image slices that are 
stacked together by a computer 
to create 360-degree views of 
structures

Light sheet fluorescence 
microscopy (LSFM)
Images small living organisms and cleared 
tissues one plane at a time using “sheets”  
of light, and stacks thousands of images  
in seconds

Magnetic resonance 
imaging (MRI)
Uses radio waves and magnets to 
create moment-in-time image slices 
of brain structure

Photo credits: fNIRS—Chiarelli et al., Neurophoton. (2017); MPM—Fang et al., Neurophoton. (2019);  
LSFM—Z. Zhang et al. Front. Neuroanat. (2021); fMRI—de Faria et al., Neurophoton. (2020);  EEG—shutterstock 
(Yakobchuk Viacheslav); PET—Shutterstock (Springsky); CT—Shutterstock (Monet_3k); MRI—Liu and Deng,  
Proc. SPIE (2020)



SEARCHING FOR THE

BRAIN’S  
QUANTUM 
NETWORK

Researchers are starting to piece 
together tantalizing bits of evidence 
that the human nervous system uses 
light for information processing.

THE SETUP FOR THE EXPERIMENT WAS SIMPLE. Post-mortem  
spinal-cord tissue from the human brain bank of the Cervo Brain Research 
Center in Quebec, Canada, was cut into two longitudinal slices and then 
illuminated from above using a fiber laser light source.

Proceeding with the experiment, researchers collected light on the 
underside of the spinal cord slices with a 40× objective microscope lens 
and recorded this with a CMOS camera. The recordings showed a patchy 
ring-shaped structure in the biological tissue where more light was being 
transmitted. 

The results, published in 2020, while not the main objective of the 
Cervo research team, nonetheless may be the most striking. Having set 
out to understand the optical properties of the spinal cord for optogenet-
ics planning, their recordings of spinal cord tissue revealed that myelin 
sheaths in axons could function as optical waveguides—a significant 
finding consistent with modeling by other researchers.

In other words, perhaps a lightbulb really does go on inside our brains. 
For in the blazingly complex frontiers of neuroscience, researchers from 
varying roosts of expertise, are beginning to see what look like tantalizing 
dots of hard evidence, from both theory and experiment. Together, and 
with much more investigation, those dots could be connected to form a 
new understanding of light and information processing in the human 
nervous system, including the brain.

One such researcher, and a theoretician behind the myelin sheath 
modeling effort, is Christoph Simon, a quantum physicist at the Univer-
sity of Calgary, in Alberta, Canada, who is also interested in theories of 
consciousness. 

For the modeling effort, Simon wanted to find out if there is a way for 
quantum information to be transmitted through photons in the body. If 
this could be proven, it would represent a radical new way of signaling 

By Virat Markandeya
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through neurons, beyond traditional voltage-gated 
channels. 

As it happened, Simon and colleagues’ modeling 
studies indicated that the myelin sheath surrounding 
axons that connect human nerve cells, has a high refrac-
tive index. What is more, even though it is interrupted 
by internal structures called the Nodes of Ranvier, 
substantial light transmission would still happen. 
Unlike an optic fiber, however, the guidance would 
predominantly be in a ring structure formed naturally 
by the sheath on the outer layer of the axon. The Quebec 
experiment confirmed the modeling and, “shows the 
ring sort of nicely,” says Simon.

And while Simon wasn’t well-versed in the hard wir-
ing of human nervous system anatomy when he began 
to model light transmission there, he considered this a 
tractable problem. “It seemed really important to me 
because if I am looking for a quantum network in the 
brain,” he says, “then clearly I need to find fiber.” 

He also knew that photons would be ideal candi-
dates to transfer quantum information in the brain if 
they were coherently produced and entangled with the 
internal state of an atom or molecule. 

“The closest analogy would probably be to the 
trapped-ion quantum computing approaches,” says 
Simon. In such approaches, researchers are trying to 
realize many traps, each having a moderate number of 
ions, where these traps are connected through photons. 

Importantly, the Quebec experiment did not prove 
there is a quantum network in the brain. For one to 
exist, there would need to be a quantum effect like spin, 
photons produced coherently in the same reaction, a 
mode of transmission for photons through the axons, 
as well as proteins that absorb the same photons to do 
biologically significant work. The experiment showed 
only that the axons would be viable to transmit photons.

Nonetheless, from theoretical modeling, experiments 
are emerging, and they are becoming increasingly 
concrete and relevant. “Themes are emerging and so 
are some connections to other interesting areas,” says 
Simon.

For example, researchers have begun studying the 
role of radical pairs of electrons in neuronal signaling. 

What happens in this particular bit of biochemistry is 
that a covalent bond breaks (or an electron hops) and 
creates a pair of electrons whose spins are entangled. 
Electron and nuclear spins are part of chemical reac-
tions that can also involve photon emissions, forming 
a potential interface.

Interestingly, Simon points out, the entangled state 
is sensitive to magnetic fields in the environment.

So, as he began studying the biological relevance 
of spin biochemistry, a connection to another line of 
inquiry popped up: Recent research has suggested that 
those entangled spins are perturbed by magnetic fields, 
which may explain how birds navigate. For sure, debate 
exists, including disagreement about the strength of 
the magnetic fields used in experiments, but the core 
phenomenon is real, says Simon. 

Coming back to the role of light, studies of spin bio-
chemistry suggest cryptochromes are also involved. 
These are light-sensitive proteins conserved and present 
in humans, that are connected to circadian rhythms.

Look in another direction, and one sees that circadian 
rhythms are connected to bipolar disorder. Indeed, in 
a paper he published in 2021, Simon explored mecha-
nisms by which lithium, used to treat bipolar disorder, 
may interact with spins. What we have learned about 
the role of these radical pairs let loose in the human 
body, he says, is just the tip of the iceberg. Further, if 
such spin-crazy biochemistry is common in the human 
body then, potentially, so is the role of photons in neu-
ronal signaling. 

But that begs yet another question: Where do the 
photons that could begin this transmission chain come 
from? Ultraweak photon emissions have been known 
for decades to occur in neurons, and indeed, in all cells. 
Now, via technology like EM-CCD cameras, it can be 
seen live in animals. These emissions are quanta in the 
near-UV to near-IR produced in a range of oxidative 
metabolic processes in mitochondria. 

For example, it has been suggested that phosphenes, 
the phenomenon of seeing light patches when rub-
bing our closed eyes, is caused by ultraweak photon 
emissions. Pressure on the eye can produce a stretch- 
induced mitochondrial disfunction and thus lead to 
overproduction of these reactive oxygen species.

The end point in these reactions, production of pho-
tons, is quantitatively clear, says Michal Cifra at the 
Institute of Photonics and Electronics of the Czech 

RECENT RESEARCH HAS SUGGESTED
  THAT E NTANG LE D SPINS

   ARE PERTURBED BY

MAGNETIC FIELDS,
WHICH MAY EXPL AIN HOW

BIRDS NAVIGATE.
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Academy of Sciences, the step that produces these 
electronically excited states is less clear. 

Cifra, who trained as an electrical and biomedical 
engineer, is particularly interested in electromagnetic 
fields in biological systems. He published his first 
paper on ultraweak photon emission from human 
hands in 2007, even using his own hands for the 
experiments. 

In more recent work, Cifra and colleagues cultured 
millions of yeast cells in a light-tight chamber. The 
signal detected using photomultiplier tubes tends to 
be extremely weak: A photon emitted every 15 minutes 
per cell. For cells larger than yeast cells that show 
higher biological activity, hundreds of thousands, or 
maybe a million cells may be required to achieve the 
same rate of emission.

Cifra is cautious about concluding whether these 
ultraweak emissions—he prefers the term “biological 
auto-luminescence”—play a significant role in biolog-
ical signaling, or if they are simply by-products. In 
work done about a decade ago, he and a collaborator 
considered information transfer using ultraweak 
photon emissions. 

Their conclusion: While this was glancingly possi-
ble, the task would require extremely dark environ-
ments for the signal-to-noise ratio to be high enough to 
work, and the bandwidth would be extremely narrow. 
From a theory standpoint, Cifra says, the signals are 
simply too low to be used for communication.

Still, whether ultraweak photon emission plays a role 
in information transfer in the body remains an open 
question, and different perspectives exist. 

For one, biological photons detected in experiments 
are near the surface. When it comes to detecting them, 
it would be like measuring photons from the outer clad-
ding of an optic fiber, which emits light several orders of 
magnitude lower than inside the fiber.

In other words, these are surface measurements 
of photons and would not capture photons guided or 
absorbed within the body. 

Nonetheless, that light could play a functional role 
in signaling within the brain is becoming clearer. 
Simon points to a recent study in which researchers 
found that light-absorbing proteins called opsins lie 
deep in the mouse brain, and when violet light shines 
on them, a pathway that reduces heat production in 
tissue is activated. If these opsins can react to exter-
nal light, then couldn’t they also react to much closer 
ultraweak photons in the brain?

After all, the brain is a most power-hungry organ. 
Neurons are packed bumper-to-bumper with micro-
tubules, protein polymers with diverse functions. 
Microtubules also act as tracks along which all kinds 
of biological transport take place within a cell. More-
over, because in neurons microtubules are situated 
intimately with mitochondria, they may be integral 
to controlling neuronal metabolism and regulating 
oxidative stress, which is generally higher in neurons 
than in other cells.

In experiments wherein neurons were excited by 
glutamate, a common neurotransmitter, about a billion 
photon emission events per second were detected from 
the brain. If only a tiny fraction of these were involved 
in the biological equivalent of quantum computing 
within the body, this would still represent tremendous 
computing power.

Even more directly, photons emitted in the UV 
range, including ultraweak emissions, can be absorbed 
by tryptophan and other aromatic amino acids, which 
are present in almost all proteins. Such a system 
could in principle allow for efficient energy transfer 
analogous to what happens in plants during photosyn-
thesis, whereas its disruption could lead to signaling 
dysfunction. 

Philip Kurian, of the Quantum Biology Laboratory 
at Howard University, has proposed that neurode-
generative diseases like Alzheimer’s and Parkinson’s 
may be related to such signaling problems in micro-

ROBUST QUANTUM EFFECTS
MAY INDE E D B E PRESE NT

IN MICROTUBULE NETWORKS,
VIA AN E LEC TRONIC PHE NOME NON 

CALLED SUPER-RADIANCE.

THE BRAIN IS A MOST
POWER-HUNGRY ORGAN.

NEURONS ARE PACKED
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tubule networks. Oxidative stress—caused by normal 
metabolic processes—in the form of reactive oxygen 
species (ROS) can produce these ultraweak photon 
emissions and is beneficial within a certain range. 
However, the pathological phenomenon of oxidative 
stress, when ROS thresholds exceed the capacity of 
the body’s attempts to detoxify, is known to precipitate 
degradation of the microtubule network due to changes 
in the microtubule-associated protein tau.

While the possible mechanisms of tau dysregula-
tion are being worked out, external light stimulation 
seems to show effects on these proteins. A 2019 paper 
in the journal Neuron entrained mice with a 40-Hz 
flickering LED-light and demonstrated reduction in 
both amyloid plaques and in tau aggregates that form 
in dementias like Alzheimer’s.

Furthermore, modeling by Kurian and coworkers 
has indicated that robust quantum effects may indeed 
be present in microtubule networks, via an electronic 
phenomenon called super-radiance, which is akin to 
what happens when a highly symmetrical optical fiber 
emits light in a preferred direction. 

Ordinarily, the expectation would be that the coher-
ent energy carried by these excitations would decay 
as the system is bombarded by the warm, wet envi-
ronment. But in super-radiance the excited states of 
light-matter get locked in a kind of synchrony and their 
combined effect is much stronger than the excitations 
of individual molecules. This leads to a collective 
emission—super-radiance. 

“Contrary to conventional expectation, in which 
quantum effects tend to wash out in macroscopic 
systems,” says Kurian, “we predicted ultraviolet 
super-radiance to grow in these tryptophan networks, 
precisely due to the symmetries of increasing size.” 

The emergent photoexcited states described by 
Kurian’s group have been widely observed in other 
systems and occur at divergent timescales. Short-lived 
states faster than thermal noise may allow for commu-
nication with proteins that bind with microtubules. 

Longer-lived, so-called subradiant states may allow 
for synchronization across the brain where micro- 
tubules can extend beyond the micron scale.

Kurian says he and his colleagues are close to exper-
imental validation of their predictions with micro- 
tubules, which further suggest that these collective 
states “may be robust in biological environments.”

Meanwhile, for the scientific leap he has taken, 
Simon is building a bridge. First, he wants to under-
stand the light-guiding properties of myelinated axons 
in more detail. 

But the crucial bridge would be to show that the 
ultraweak photon emissions display magnetic field 
effects, indicating that the photons are related to the 
entangled radical pairs. “That will make the bridge in 
my mind,” he says.

Once it is known that the photons come from radical 
pairs, then the state of the spin and the polarisation of 
the photons can be studied. “The details are not figured 
out,” Simon says, “but there is a path one can explore.”

VIRAT MARKANDEYA 
is a science writer 
based in Delhi, India.
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Supersizing 
Light Sheet Microscopy

Photo credit: Keller et al./EMBL (above); Courtesy of Gail McConnell (right)



Combining imaging 

modalities is helping 

neuroscientists find new 

ways to see the brain and 

nervous system 

WHAT DO YOU GET IF YOU CROSS a giant micro-
scope lens with a light sheet microscope? The answer 
is an optical microscope on steroids that is shaking 
up the field of brain imaging.

Light-sheet microscopy (LSM) is already widely 
used in many fields. Thanks to its low phototoxicity 
and fast imaging relative to other 3D biological 
imaging techniques, such as confocal and multi- 
photon microscopy, researchers have been clamor-
ing to use the method to study myriad live samples. 
Think single cells, organoids, entire plants, the 
developing embryos of Drosophila fruit f lies, C. 
Elegans nematodes and mice, and more recently, 
small-mammal brains. 

In LSM, a sheet of laser light illuminates a thin 
slice of a f luorescently labeled sample with the 
resulting fluorescent light emission recorded using 
microscope optics placed perpendicular to the light 
sheet. The entire light sheet can be moved relative to 
the sample to collect sets of 3D images, and because 
these scans take place using a plane of light, the 
microscope can capture images up to one thousand 
times faster than, say, a traditional point-scanning 
confocal microscope.

Now, a novel, mammoth objective called Mesolens 
is about to up the game for LSM.

Pioneered by Scotland-based University of 
Strathclyde optical physicist, Gail McConnell, and 
optical instrument designer, Brad Amos, from the 
Medical Research Council Laboratory of Molecular 
Biology, UK, the Mesolens has a massive 6 mm × 
6 mm field of view yet offers the fine resolution of 
a microscope objective with a lateral resolution of 

some 600 nm. When fitted onto a confocal micro-
scope, the lens can image specimens up to 3 mm 
thick and has already delivered stunning images of 
zebrafish larvae hatching, as well as nearly half of 
a mouse brain.

Yet whenever McConnell presented Mesolens to 
scientific meetings around the world, she kept hear-
ing the same question: Can you couple your massive 
objective to a light sheet microscope? 

Indeed, a Mesolens-LSM combination has the 
potential to provide the same quality of images as 
Mesolens-optical microscopy setups, but instead of 
taking one week to image a specimen, with LSM it 
could take just a couple of hours.

“Effectively every meeting we went to someone in 
the audience would want to speed up imaging with 
Mesolens in this way,” McConnell laughs. “So, we 
started thinking about whether or not this would 
be feasible.”

Thanks to McConnell and her team, it has been 
very feasible. To merge these pioneering imaging 
methods, the Strathclyde researchers devised a clever 
arrangement of aspheric optics to generate a long, 
thin light sheet that would fit with the Mesolens’ 
mighty field of view. They have joined forces with 
University of Glasgow parasitologist, Juan Quin-
tana to use Mesolens plus LSM to understand how 
pathogen infection can lead to brain inflammation. 
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Digital montage of a zebrafish embryo 
from Ernst Stelzer and colleagues. 
The image was the first complete 
developmental blueprint of a 
vertebrate. Stelzer and colleagues used 
DSLM to track all cells in the embryo for 
the first 24 hours of its development. 

Supersizing 
Light Sheet Microscopy



THE MICROSCOPE CAN CAP TU RE IMAG ES

UP TO ONE THOUSAND TIMES FASTER THAN
 STR ADITIONAL POINT-SCANNING

CONFOCAL MICROSCOPE.

Gail McConnell, Strathclyde 
University, with the Mesolens that 

she also uses with a light-sheet 
microscopy setup.





Top: A cleared mouse brain captured using the 
latest SCAPE 2.0 microscope. 

Left: The Mesolens with confocal microscopy 
has already captured images from mice brains, 
but merging with light sheet microscopy, larger 
volumes of the brain can be studied.

Right: Kevin Tsia (right) and colleagues have 
developed CLAM to make light sheet microscopy 
more efficient and less damaging. 



McConnell believes the potential for Mesolens plus LSM in 
brain imaging is vast. She notes that other imaging technologies 
are available for seeing the whole brain. But they also compro-
mise on spatial resolution or image only small volumes within 
a large specimen. Few will provide subcellular resolution in 
3D from large volumes.

“Commercial light sheet microscopes provide a high-resolution 
view, but only within a tiny volume,” she adds. “The Mesolens–
light sheet setup can broaden a researcher’s horizons, allowing 
the same high resolution but with a global view of the tissue.”

28
Photo credits: Kripa Patel/Hillman lab/Columbia’s Zuckerman Institute (top); Specimen prepared by Anne Bertolotti,  
MRC Laboratory of Molecular Biology, UK (bottom left); HKU (bottom right).



McConnell is one of many scientists 
discovering brave new ways to harness 
LSM to study brain structure or func-
tion, or both. Centimeter-sized slices or 
even entire small mammal brains can 
be optically cleared and imaged to glean 
detail on cells and fine neural structures, 
as well as the numerous connections and 
networks in between. Neuronal activity 
within the brains of live, transparent 
organisms such as zebrafish can also be 
tracked in real time to help researchers 
decipher how neural circuits function. 

In one example of structural imaging, 
a team led by researchers from Italy’s 
University of Florence developed RAPID 
(rapid autofocus via pupil-split image 
phase detection)-enabled LSM, which 
uses real-time autofocusing to generate 
sharp, richly detailed images of centime-
ter-sized cleared mouse brains. Mean-
while, SCAPE (swept confocally-aligned 
planar excitation) microscopy, from  
Elizabeth Hillman’s lab at Columbia 
University in New York City, is an ele-
gant hybrid of light-sheet and confocal 
scanning microscopy for functional brain 
imaging. Here, the light sheet sweeps 
through living subjects, such as nema-
todes and mice, to capture fast-moving 
neurons in action.

And taking yet another tack, Kevin 
Tsia from Biomedical Engineering at 
Hong Kong University recently delivered 
CLAM (coded light sheet array micros-
copy) that targets both structural and 
functional imaging. This method uses 
a pair of mirrors to divide a single laser 
beam into 30 to 50 parallel light sheets 
that can cover a 1 mm-thick sample. 

As Tsia points out, using this light-
sheet array means a 3D image can be 

”
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3D WORLD.
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captured simultaneously rather than sequentially scanning a 
single light sheet through a specimen to build an image. The 
upshot is gentle, high-speed imaging, which Tsia says is only 
limited by the camera’s frame rate.

Ernst Stelzer at Germany’s Goethe University in Frankfurt, 
arguably LSM’s forefather, delivered his first version of the 
method—selective plane illumination microscopy (SPIM)—
just after the turn of this century. Digital scanned laser light 
sheet fluorescence microscopy (DSLM) followed in 2008. 
Asked why LSM now works so well for so many researchers, 
he replies: “If you want to look at live specimens, light sheet 
microscopy has this niche and I have no clue how it could be 
filled by any other technique.”

“Nowadays, a light sheet setup can record data at least tens 
of hundreds of times faster than a confocal microscope. If you 
can look at a thousand specimens a day rather than one, then 
that makes a huge difference,” he adds.

Stelzer started developing the multilens microscopes that 
led to LSM in the late 1980s at the European Molecular Biol-
ogy Laboratory (EMBL). SPIM ensued, and the light sheet 
community has never looked back. 

For Stelzer, it’s all about observing 3D specimens in as 
close-to-natural-conditions as possible. “We have to look 
at objects in 3D, but we also have to look at 3D objects,” he 
points out. “This is in stark contrast to, say, super-resolution 
microscopy where everything is flat, and cultivated, and pre-
pared on a coverslip.”

“Cells don’t grow on coverslips, they grow on other cells, 
and this is the point of what we’ve been trying to do [with 
LSM]. We’re preserving the 3D structure of the specimen and 
observing it in close-to-natural conditions,” he adds.

One exciting prospect for LSM is to eventually access deeper 
regions of mammal brains, such as the deep layers of the cortex 

and the hippocampus, to better understand how memories 
are made and what goes wrong in cognitive diseases like 
Alzheimer’s. Hard at work in the Nanophotonics, Integra-
tion, and Neural Technology lab at the Max Planck Institute 
of Microstructure Physics in Germany, group leader Wesley 
Sacher is perfecting his miniature light sheet device that 
could deliver just this. 

Recently, Sacher and colleagues from California Institute 
of Technology, University of Toronto, University Health Net-
work, Canada, and Advanced Micro Foundry of Singapore, 
unveiled a light sheet generator in the form of a chip-scale 
neural probe. The tiny probe generates up to 10 light sheets 
and in a proof-of-concept study, the researchers inserted it 
into mouse brain slices as well as the brain of an anaesthe-
tized mouse, to produce high contrast images across areas 
as large as 240 × 490 µm and at depths of around 130 µm.

Sacher explains that the probes are fabricated on 200 
mm silicon wafers and contain dense waveguide circuitry 
for routing light. Four implantable needles, about 3 mm 
long and 50 µm thick, protrude from the chip and contain 
light-emitting grating couplers to generate the light sheets. 
Laser light is coupled to the probe-chip via a fiber bundle 
containing many fiber cores that direct light down different 
waveguide paths to create the light sheets.

It should be noted that tissue damage during imaging 
has thwarted past attempts at generating light sheets via 
implantable probes. However, thanks to the ultrathin profile 
of their neural probes, Sacher and colleagues have dodged 
this issue and are now refining their probes for even deeper 
brain imaging. 

These will generate a greater number of thinner, more 
densely packed light sheets for higher image resolution 
and contrast. Innovations in photonic circuitry design will 
increase the fiber-to-chip coupling efficiency from around 
10 percent to 50 percent, reducing the stray light that heats 
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(Above) Waveguides direct light down the 
neural probe to the grating coupler (GC) 
to generate light sheets. (center) Optical 
microscopy image of a fabricated neural 
probe with (right) a scanning electron 
microscopy image of the needle tips.
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the probe as well as nearby brain tissue, altering its 
function.

Work is also underway to integrate the probes with 
miniature head-mounted fluorescence microscopes for 
imaging animals in motion. Sacher reckons combining 
these microscopes with the neural probes to create min-
iaturized head-mounted light sheet microscopes will 
deliver blisteringly fast, high-contrast, larger-volume 
imaging of activity deep within the brain.

“Our initial imaging demonstration was at relatively 
shallow depths in brain tissue but given our efforts 
on photonic design and head-mounted fluorescence 
microscopes, I see the demonstration of deep-brain 
light-sheet imaging being our next big step,” he says.

The community can only wait and see what taking 
light sheets into greater brain depths will bring, but 
in the meantime, what else could LSM deliver? 

Stelzer has some ideas: First, the LSM figurehead 
is keen to see what happens when the method meets 

adaptive optics—that is, the use of deformable mirrors 
and other devices to raise resolution and contrast, and 
to compensate for the optical aberrations that distort 
images. Already, sleep studies researcher, François 
Rouyer, of France’s Institute of Neurosciences Paris- 
Saclay, and colleagues have used an adaptive optics 
light-sheet fluorescence microscope to scrutinize living 
fruit flies. Their setup delivers high-contrast images of 
the neurons that influence sleep, tens of microns deep 
within the flies’ brains.

Stelzer also believes real-time, direct feedback to 
the image detection system—adaptive recording—will 
advance light sheet imaging even further. For example, 
for studies on nervous system development in embryos, 
such a feedback system could use an intelligent algo-
rithm to register data and then, say, alter illumination 
to optimize imaging.

Such approaches have been tried in confocal fluo-
rescence microscopy. And as Stelzer says, “These are 
the little things we can do that will still make a huge 
difference.”

Optical microscopy images of the 
implantable needles of a light sheet 
neural probe. Light can be seen 
emitting from the bright, nanoscale 
gratings ready to form light sheets. 



REBECCA POOL is a science 
and technology journalist 
based in the UK.

Credits: Wesley D. Sacher and Neurophotonics



LETTER FROM THE PRESIDENT

Connecting
Minds2022 
HOW DO YOU BECOME THE PRESIDENT OF A TECHNICAL SOCIETY? And not just that, 
but an international organization that touches more than 250,000 people globally! On 
the one hand, I have no idea. However, I can share with you how I got here. 

When I was a graduate student, Photonics West and SPIE were synonymous. I attended 
my first Photonics West in 1992 as a second-year PhD student to present my most  
recent work. 

As it happened, attending my first Photonics West was one of the best decisions of my 
professional career. I walked into the meeting knowing just a handful of people and little 
else. In fact, I had walked into a new world. 

Of course, I presented my talk at the meeting and received great feedback. But it was 
everything else at Photonics West that captivated me. As a shy young woman from India, 
I was not comfortable talking to strangers. And yet there I was talking to people from all 
over the world. 

“Connecting Minds. Advancing Light.” is the SPIE tag line. And the former is exactly 
what I experienced at my first Photonics West. 

Photonics West 2022 will be my 30th! Along the way, I have built my career in biopho-
tonics and taken every opportunity for professional development that SPIE offers. I have 
presented papers, received an SPIE Travel Grant, attended Photonics Europe, organized 
a conference session, become a Lifetime Member of SPIE (it makes sense!), served on the 
SPIE BiOS conference program committee, started a new biomedical conference, become 
part of the group today known as Women in Optics, become an SPIE Fellow, and made 
friends who I would meet again each year at Photonics West.

In time, I got to know the SPIE staff and started to understand that there was more to 
SPIE than conferences. Wanting to know more, I served on a few SPIE committees to help 
guide the Society. Next thing I knew, I was elected to the Board of Directors, and with the 
help of all those friends and Members’ votes, I was elected SPIE President. What a journey!

So how do you become the president of an international technical society? By becoming 
involved at every opportunity. You must also talk to people and listen, and truly care about 
others who are like you but also not. SPIE is about the people who have the vision of using 
optics and photonics to enhance our world. And it is up to you to take advantage of what 
the Society has to offer. 

“It’s a new dawn, it’s a new day, it’s a new life…” goes the song “Feeling Good.” This 
pandemic has been difficult on all of us. And it seems this new way of living may be here 
to stay. So, we need to adjust. We are engineers, and scientists, and creative thinkers. But 
ultimately, we are people who like and need to connect with people. And as I step into 
the role of SPIE President, I want to help you connect. I consider myself the “Ambassador 
for SPIE,” and over the course of this year, I plan to be available to the Members of the 
Society and to listen and learn. I would like to continue the work I helped start in equity, 
diversity, and inclusion. 

I feel good about this new life and the new ways we need to find others to connect and 
collaborate. I guess I am a “glass-is-half-full” kind of person. And let me tell you—I am 
no longer shy. As those who know me will attest, I love talking to people. So next time 
you see me, please say “Hi, Hello, Namaste,” and then let’s shake hands, wave, fist/elbow 
bump to remind ourselves of what SPIE is about. Connecting Minds!
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ANITA MAHADEVAN-JANSEN
2022 SPIE PRESIDENT



SPIE
Deadlines and Events

January 
 5: Abstracts due for SPIE Astronomical Telescopes 

+ Instrumentation

 10: Applications due for 2022 SPIE Outreach Grants

 14: Abstracts due for Optics and Photonics 
International Congress (OPIC)

 22–27: SPIE Photonics West, San Francisco, California, 
USA 

 23–25: SPIE AR|VR|MR, San Francisco, California, USA

 26: Manuscripts due for SPIE Medical Imaging

February 
 2: Manuscripts due for SPIE Advanced Lithography 

+ Patterning

 9:  Abstracts due for SPIE Optics + Photonics

 9: Manuscripts due for SPIE Smart Structures + 
NDE

 15:  Applications due for SPIE Optics and Photonics 
Education Scholarships

 20–24: SPIE Medical Imaging, San Diego, California, 
USA

 27 Feb–3 Mar: SPIE Advanced Lithography + Patterning, San 
Jose, California, USA

March 
 6–10: SPIE Smart Structures + Nondestructive 

Evaluation, Long Beach, California, USA

 9: Abstracts due for SPIE Sensors + Imaging, 
including: Remote Sensing and Security + 
Defence

 9: Manuscripts due for SPIE Defense + Commercial 
Sensing

 30: Manuscripts due for SPIE Photonics Europe

April
 3–7: SPIE Defense + Commercial Sensing, Orlando, 

Florida, USA

 3–7: SPIE Photonics Europe, Strasbourg, France

 19–22: Optics and Photonics International Congress 
(OPIC), Yokohama, Japan

 26–28: Photomask Japan, Yokohama, Japan 

May
 11: Manuscripts due for SPIE/RIT Photonics for 

Quantum

 16: International Day of Light

 16: SPIE International Day of Light Photo Contest 
opens

June
 6–9: SPIE/RIT Photonics for Quantum, Rochester, 

New York, USA

 22: Manuscripts due for SPIE Astronomical 
Telescopes + Instrumentation

AD

spie.org/dcs

spie.org/dcs

3–7 April 2022
Gaylord Palms Resort &  
Convention Center
Orlando, Florida, USA

Join your colleagues to learn about high-
end cameras and imaging systems, including 
infrared, multispectral, and 3D sensing for 
industrial, environmental, self-driving, and 
security applications.

PLAN TO 

ATTEND

IN COOPERATION WITH

JANUARY 24, 2022
InterContinental Hotel
San Francisco, CA

ANALYZING THE BUSINESS 
OF PHOTONICS

REGISTER NOW
WWW.MARKETPLACESEMINAR.COM

SAVE 15% 
WITH CODE PHOTONICSFOCUS



SPIE COMMUNITY NEWS

2022 

SPIE Awards Announced
Frits Zernike Award for Microlithography

SPIE FELLOW HARRY J. LEVINSON, for contributions to fundamental understanding 
of advanced lithography process control and his enduring leadership in technologies 
extending from 248 nm to EUV lithography.

The SPIE Frits Zernike Award for Microlithography recognizes outstanding 
accomplishments in microlithographic technology, especially those furthering the 
development of semiconductor lithographic imaging solutions.

Harrison H. Barrett Award for Medical Imaging

SPIE FELLOW MARYELLEN GIGER, the A.N. Pritzker Distinguished Service Profes-
sor of Radiology at the University of Chicago, for her pioneering work in the fields of 
digital image formation, computer-aided diagnosis, radiomics, and radiogenomics.

Giger, who was 2018 SPIE President, is also principal investigator and lead of the 
National Institute of Biomedical Imaging and Bioengineering’s Medical Imaging and 
Data Resource Center, a new effort to harness the powers of artificial intelligence 
and medical imaging to fight COVID-19. NBIB is part of the US National Institutes 
of Health.

The SPIE Harrison H. Barrett Award in Medical Imaging recognizes outstanding 
accomplishments in medical imaging.

Britton Chance Biomedical Award

SPIE FELLOW BRUCE TROMBERG, director of the National Institute of Biomedical 
Imaging and Bioengineering at the US National Institutes of Health, for a broad range 
of inventions, research, and clinical translation in biomedical optics and photonics, 
along with sustained, innovative leadership in this field.

The SPIE Britton Chance Biomedical Optics Award recognizes outstanding lifetime 
contributions to the field of biomedical optics through the development of innovative, 
high-impact technologies.

Biophotonics Technology Innovator Award

SPIE FELLOW BERT MÜLLER, in recognition of his distinguished contributions to 
2D- and 3D-imaging for cardiovascular and neurodegenerative diseases, bioinspired 
dental repair, and incontinence treatment.

Müller, the Thomas Straumann Professor for Materials Science in Medicine at the 
University of Basel, Switzerland, and director of the university’s Biomaterials Science 
Center, has contributed indelibly to biomedical imaging, focusing on nanomedicine 
and nanodentistry. 

The SPIE Biophotonics Technology Innovator Award recognizes extraordinary 
achievements in biophotonics technology development that show strong promise or 
potential impact in biology, medicine, and biomedical optics.

See the entire list of SPIE award winners: spie.org/2022awards

Harry J. Levinson

Maryellen Giger

Bruce Tromberg

Bert MüllerPHOTONICS FOCUS JANUARY/FEBRUARY 202234



2022 Board of Directors
OFFICERS

DIRECTORS

Anita 
Mahadevan-Jansen
PRESIDENT
Vanderbilt Univ., USA

Allison Barto 
Term: 2022-2024
Ball Aerospace, USA

David Andrews
IMMEDIATE PAST 
PRESIDENT
Univ. of East Anglia,
United Kingdom 

Audrey Bowden
Term: 2022-2024
Vanderbilt Univ., USA

Rebecca Fahrig 
Term: 2022-2024 
Siemens Healthcare, 
USA 

Ruth Houbertz
Term: 2021-2023
Multiphoton Optics 
GmbH, Germany

Scott Bass
CHAIR, CORPORATE 
AND EXHIBITOR 
COMMITTEE
Edmund Optics, USA

Elizabeth Krupinski
Term: 2021-2023
Emory Univ., USA

David Sampson
CHAIR, PUBLICATIONS 
COMMITTEE
Univ. of Surrey,  
United Kingdom

Jennifer Barton
VICE PRESIDENT
Univ. of Arizona, USA

Gong-Ru Lin
Term: 2022-2024 
National Taiwan  
Univ. 

Kyle Myers
Term: 2021-2023
(Retired) US Food & 
Drug Administration

William “Pat” Roach
Term: 2022-2024
US Air Force Office of  
Scientific Research

Maryellen Giger
CHAIR, MEMBERSHIP 
AND COMMUNITIES 
COMMITTEE
Univ. of Chicago, USA

Kent Rochford
BOARD ADVISOR
SPIE CEO

 

Joseph Shaw
Term: 2021-2023
Montana State Univ., 
USA

 

Katie Schwertz
Term: 2020-2022
Edmund Optics,  
USA 

Cather Simpson
Term: 2021-2023
Univ. of Auckland,  
New Zealand 

Cristina Solano
Term: 2020-2022
Centro de Investigaciones 
en Optica Ac, Mexico 

Peter de Groot
CHAIR, SYMPOSIA  
COMMITTEE
Zygo Corp., USA

Bernard Kress
PRESIDENT-ELECT
Google, USA

Byoungho Lee
Term: 2020-2022
Seoul National Univ.,  
South Korea

Jason Mulliner
SECRETARY/  
TREASURER
Alluxa, USA

Halina Rubinsztein-
Dunlop
Term: 2020-2022
Univ. of Queensland,  
Australia

Scott Tyo
Term: 2020-2022
Monash Univ.,  
Australia

BOARD ADVISORS



SPIE COMMUNITY NEWS

SPIE Announces 
International Day of Light 
Photo Contest Winners 

FIRST PRIZE WINNER  

Pavel Tkachuk for “Russian Drift”
“I live in Moscow and work in the social-media 
marketing sphere. Photography is my hobby 
rather than my main work, but I never miss an 
opportunity to take a shot, even if I only have my 
phone with me,” Tkachuk says. “For this image, 
I believe I mostly was inspired by the film Mad 
Max: Fury Road, but my friends think that images 
of Mars inspired me to take this photo.”

THIRD PRIZE WINNER 

Le Tri for “Grass Harvest” 
“When I drove my scooter by the rice field 
in Quang Nam Province, Vietnam, I saw 
the beauty of that image and I wanted to 
capture the moment, so I used my drone— 
a Mavic 2 Pro—to take pictures,” says Tri of 
his winning entry. “I took many shots, but I 
found this to be the most interesting one. 
I’m really proud of it, because it shows our 
country to the world.”

The annual SPIE International Day of Light Photo Contest 
is held to raise awareness about IDL, and the vital role that 
light and light-based technologies play in daily life. This year, 
photographers from Russia, Vietnam, Italy, Philippines, India, 
Bangladesh, and the US were named winners, chosen from 
more than 1,600 entries.

PHOTONICS FOCUS JANUARY/FEBRUARY 202236

SECOND PRIZE WINNER 

Đỗ Tuấ n Ngǫc for “Night Salt Harvest”
“I live and work in Nha Trang City, Khanh Hoa Province, 

Vietnam,” says Ngǫc. “I have been to photograph the 
labor scene of the salt makers many times. This time, I 
photographed the sunset in Ninh Diem Salt Field, and 

I saw the working people taking advantage of the light 
of the motorbike, creating a frame. It was a fanciful 

scene, very different to the ones at daytime.”



TECHNOLOGY PRIZE: 

Technology Around the Globe 
winner Froiland Rivera for “Light in 
Technology”
“I took this photo in Manila, Philippines, where 
I am a freelance photographer,” says Rivera. 
“Technology today is very vital for all of us, 
especially for our children. Many kids today 
enjoy the games these gadgets offer, but if they 
use the technology in a more productive way, 
they can learn almost anything about the world 
around us. The light from those screens is one of 
the key components of how we live today.” 

TECHNOLOGY PRIZE: 

Technology-made Images winner 
Giancarlo Rupolo for “Crystals”

“This image, taken in 1985, was inspired by a phrase 
by Paul Klee: ’Art does not reproduce the visible; 

rather, it makes visible,’” says Rupolo.  
“This phrase stimulated my imagination and, as I am a 

chemist, I started to cause crystallizations  
during specially created chemical reactions and 

photograph them under the microscope.” 

International
Day of Light
16 May 
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Read more at  
spie.org/IDLphoto21



SPIE COMMUNITY NEWS
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2022 SPIE–Franz Hillenkamp 
Postdoctoral Fellowship 
IVAN KOSIK IS THE WINNER of the 2022 SPIE–
Franz Hillenkamp Postdoctoral Fellowship in 
Problem-Driven Biomedical Optics and Analytics. 
The annual award of $75,000 supports interdis-
ciplinary problem-driven research and provides 
opportunities for translating new technologies 
into clinical practice for improving human health.

Kosik’s research project, “Transrectal Photo-
acoustic Tomography for Guiding Nanoparticle- 
Enhanced Photothermal Therapy of Focal Prostate 
Cancer”—conducted at the University of Toronto/
Princess Margaret Cancer Centre’s Lab for Applied 
Biophotonics—will develop a new form of trans- 
rectal photoacoustic tomography in combination 
with thermal enhancement using multifunctional 
porphyrin-lipid nanoparticles. The goal is to create 
a safe, effective photothermal therapy treatment 
platform that eliminates the necessity for intraop-
erative MRI and enables easier dissemination and 
clinical adoption. 

“Being awarded the 2022 SPIE Hillenkamp 
Fellowship represents a high point in my career 
to date,” said Kosik. “The award will give me the 
opportunity to expand my work on applying pho-
tonics to guide cancer treatment. I have lost loved 
ones to cancer, so this has personal as well as pro-
fessional impact for me. I have published numerous 
times through SPIE and will continue to do so with 
renewed vigor. I thank the Society for this honor.”

“Ivan’s work has the potential to establish tran-
srectal photoacoustic tomography as a novel tech-
nology platform to guide nanoparticle-enhanced 
photothermal therapy of focal prostate cancer, 
work that will ensure maximally effective treatment 
while minimizing risk of collateral damage,” said 
the co-chairs of the Hillenkamp Fellowship Com-
mittee, Rox Anderson and Gabriela Apiou. “We 
look forward to seeing the outcome of his project.”

Read more at SPIE.org/2022SPIEHillenkamp

Call for Patents in Electronic Imaging
The SPIE and IS&T Journal of Electronic Imaging (JEI) invites 
researchers to submit papers covering their patents, both granted 
and pending, in the electronic imaging field. Accepted submissions 
will be published in a special section of JEI in September 2022 and 
will highlight the many innovations in electronic imaging.

Eligible research areas include those that apply directly to electronic 
imaging or focus on applied electronic imaging technology. Sub-
missions for the JEI special section are currently open—submission 
deadline is 1 February 2022.

“Electronic imaging is of eminent significance in a wide variety of 
practical and everyday uses including smart cars, homes, cities, and 
medicine, as well as in the world of consumer electronics,” notes JEI 
Editor-in-Chief Zeev Zalevsky. “The aim of this call for papers is to 
encourage academic researchers, engineers, and inventors to extend 
their patent applications into full-length papers that align with the 
scope of JEI.”

Researchers commonly present new work at a conference or in 
conference proceedings, and then later submit a more developed ver-
sion to a journal for peer review. The goal of this initiative is similar, 
except that the authors will develop full papers based on their patents. 
Patents describe innovations which are of fundamental applicability 
to the field of electronic imaging, and publication in the journal may 
increase visibility for the author’s patent.

Read more at spie.org/JEIpatents

Advanced Photonics Best Papers
THE ADVANCED PHOTONICS Editor-in-Chief Choice Award rec-
ognizes exceptional papers, based on the importance of the work 
to the optics and photonics field. From Advanced Photonics articles 
published in 2020, an original research article and a review article 
were selected.

The winning research article is “Enhanced light-matter interac-
tions in dielectric nanostructures via machine-learning approach,” in 
which the authors demonstrate that machine-learning techniques can 
be used to enhance metasurfaces by optimizing them for nonlinear 
optics and optomechanics.

The winning review article is “Terahertz surface plasmonic waves: 
a review,” in which the authors review terahertz surface plasmonic 
waves on various types of supports and outline research directions.

“This year we had very tough choices to make,” notes Co- 
Editor-in-Chief Anatoly Zayats of King’s College London, of the 
award selections. “Every article published in 2020 deserved this 
award. In the end, we decided to acknowledge one review and 
one original research article, based on the level of attention these 
papers attracted from our readers. Not surprisingly, they ref lect 
some of the recent trends in optics and photonics.”

Read more at spie.org/APbest20



39

Snap a photo of your completed word search + Bonus scramble, 
and send it to photonicsfocus@spie.org. One winner, drawn at 
random, will receive a gift!

BONUS: Unscramble the circled letters to reveal the theme of this issue of Photonics Focus

THEME:

CLUES:

 1. Technique in neuroscience that utilizes light-
sensitive proteins to pinpoint brain functions

 2. Bundle of nerve endings inside the olfactory bulb 
 3. Early developer of computerized axial tomography 
 4. Photonics offers a new way to study this sense
 5. Light-sensitive proteins connected to circadian 

rhythms in humans 
 6. Artery punctured for old nervous system diagnostic 

procedure 
 7. Quantum effect that could be a mode of 

transmission for photons through axons 

 8. The light patches and floating shapes seen when 
rubbing closed eyes

 9. Nervous system pseudoscience 
 10. Probably the most well-known neurodegenerative 

disorder
 11. 1979 American Nobel Laureate in Physiology or 

Medicine 
 12. Therapeutic technique using infrared light to heal 

wounds and relieve pain
 13. In axons, these could function as optical 

waveguides 
 14. Noninvasive brain imaging modality that uses 

infrared light to measure blood activity in the brain

ANSWERS
1. Optogenetics, 2. Glomeruli, 3. Oldendorf, 4. Olfaction, 5. Cryptochromes, 6. Carotid, 7. Spin, 8. Phosphenes, 9. Phrenology, 
10. Alzheimers, 11. Cormack, 12. Photobiomodulation, 13. Myelin sheaths, 14. fNIRS

D H J  V C J X V H D V K M X M K C S A M

C S W E A K E H F C Q G L O M E R U L I

C W P H R E N O L O G Y N X I N Y E Z E

J I H G O N C E U R B E L O Z E P O H N

W H O S T U M V R M A K O A P E T B E N

C Q T M I X Y E R A L P I N E V O T I X

J Z O I D B E M A C N C H P E E C O M B

U A B F A B L I N K E C O H O S H M E N

E B I N D L I N K E R M E O W C R E R K

S Q O L D E N D O R F K O S W I O R S T

V Q M M C I S X L K N E L P H I M E N E

N L O H X P H V F Y I X W H M O E L A T

U O D R K V E L A W R H N E S B S W V T

E N U Z M W A B C P S P I N W O H G C N

X R L T H G T H T O P R V E J G Q E N H

 S D A D H M H I I D N T W S J L E C M D

C Z T W U E S E O T U J N C Q Y D A D H

H W I H I E W L N D Y W Q U G K W D L R

S B O P T O G E N E T I C S F M J G W T

C G N J K F W J P I T W H S U S M S A O



Reflections
Light shining through from beneath a 
bowl of yogurt. The light is guided by the 
glassware bowl, which normally appears 
opaque with external lighting, and exits 
at the sites of internal cracks and bubbles 
“frozen” into the glass, and which are not 
normally visible. The light attenuates as 
it transmits through the yogurt, coloring 
it and causing thicker parts to appear 
darker.

Nicholas Pellegrino, University of 
Waterloo, Canada
 

 

Submit your own images of light properties and light-based technology to REFLECTIONS by mentioning  
@SPIEtweets   or @spiephotonics . Submissions can also be sent by email to photonicsfocus@spie.org.40
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