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Make your plans to join us  
6 - 11 March 2021 in San Francisco
Attend Photonics West 2021—The leading event 
for the photonics and laser communities. SPIE 
Photonics West covers a wide range of topics: 
biomedical optics, biophotonics, industrial lasers, 
optoelectronics, microfabrication, MOEMS-MEMS, 
displays, and more.

Photonics West Preview
25 - 28 January 2021

Please join us in January for a series of free webinars addressing 
topics such as COVID-19 research, optical coherence tomography, 
and quantum technologies, topics that will be discussed in detail 
during Photonics West in March. Hear from invited speakers and key 
companies during the Photonics West Preview.

The Moscone Center
San Francisco,  
California, USA

spie.org/as

spie.org/pw

14 - 18 December 2020 

SPIE remains committed to advancing light-based research and meeting the needs of our constituents by organizing this 
event to reconnect with your professional community. Please join us online to share accomplishments, exchange ideas, 
and publish your work to a global scientific audience. 

Register to Participate Online
Join us online this year for a no-cost Digital Forum. 
Everyone who registers will have access to live 
plenary sessions, technical networking events, 
and ongoing access to all of the recordings and 
manuscripts from the meeting. Review the program 
and register to participate in this free event.

TWO TRACKS • 2,800 PAPERS

Telescopes and Systems

Technology Advancements

Quantum West:  
Join us at Photonics 

West for the one-day 
industry-focused 

conference on 
quantum technology 

on 10 March 2021

We will be working hard to ensure a safe and productive opportunity 
to meet together. We hope you will plan to join us—a few weeks later 
than usual—in 2021. 
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IN THE EARLY 90s TELEVISION SERIES Quantum Leap, scientist Sam Beckett 
gets trapped in time and spends each episode hopping between decades and 
human bodies, making decisions that change the course of the person’s life. 
As much as I enjoy the show (it holds up surprisingly well), the scriptwriter’s 
choice to use “quantum” in the title is scientifically questionable. But it was the 
early 90s. Who knew what quantum meant, anyway, aside from a small group 
of theoretical scientists?

Although real quantum physics has little to do with time travel, the writers 
might have been alluding to the quantum state of superposition, which allows a 
particle to be in more than one state, simultaneously, kind of like Sam Beckett. 
If that’s what they were going for, then it isn’t an entirely wrong use of the word 
quantum, if you were to throw it into the whirlpool of everyday vernacular.

Which makes me wonder: is quantum now part of the everyday vernacular? 
When did “quantum” move out of the jargon of a very small and special commu-
nity of physicists and into the mainstream?

This movement from obscurity into the Oxford English Dictionary (OED) 
happens often—often enough that the OED announces monthly new additions 
to the dictionary. In the last decade, hundreds of new words have been added, 
including nomophobia (fear of being without a phone), app drawer, ransom-
ware, Twittersphere, and emoji. As evidenced by this list, many of the latest 
additions are related to the slang around our rapidly evolving technology, but 
even science terms join common usage from time to time. In 2019, the word 
“Goldilocks” was added to the OED, specifically in reference to the object of 
the TESS exoplanet mission: to find planets neither too hot, nor too cold, to 
support life. In 2020, many of the OED’s new words are related to COVID-19.

In the 2010 movie The Social Network, there’s a scene where a young woman 
invites Facebook co-founder Eduardo Saverin to “Facebook me,” and he is 
delighted to realize that Facebook has just reached the tipping point of ubiquity 
where a noun becomes used as a verb. This actually happens fairly often (just 
Google it), and it happens for some words faster than others.

The word “quantum” has been in the OED for over a century (see this issue’s 
Luminary article about Max Planck and Albert Einstein). What’s new is that 
the public—nonscientists, even—recognize it, to some degree. And that’s not 
just because of Sam Beckett.

Even though there are few viable quantum products at this point, gov-
ernments are betting big on its potential. The US Department of Energy 
and National Science Foundation are investing over $1 billion in dozens of 
new quantum research centers. The UK’s National Quantum Technologies 
Programme funded a national network of quantum technology hubs with a 
£214 million investment. Beijing is investing billions in quantum research in 
China, which had twice as many patent filings in 2017 as the United States for 
quantum technology. Enormous institutions, like Goldman Sachs, are looking 
to hire a new hybrid of quantum physicist ×  software engineer so that they 
will be ready to harness quantum computing and communication for future 
applications not yet entirely understood.

Although quantum has not yet made the linguistic jump from noun to verb, 
it’s worth considering that a verb is a part of speech defined as an action, a state, 
an occurrence. And by that definition, we may soon make the leap to being 
quantumed.

GWEN WEERTS, PHOTONICS FOCUS MANAGING EDITOR

FROM THE EDITOR

Are we quantumed?
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Increasing Employability During a Crisis
The year 2020 has not gone the way we expected. It seems everything is harder than it used to be,  
including building our careers. How are you going to respond?

I’M FEELING both fortunate and frus-
trated after the last seven months: 
fortunate that my family and I have 
remained healthy, and frustrated that 
the plans I had for growing my business 
have been put on indefinite hold while the 
world struggles to contain the COVID-19 
pandemic. 

I know there are many others who feel 
the same way, especially those who had 
plans to start their careers or transition 
into an exciting new career. 

When it comes to advice on improving 
your employability during a challenging 
time, I could offer advice about how to 
modify your resume or cover letter or 
which skills to emphasize. But I want 

to talk about the attitude you adopt, 
because your attitude will impact every-
thing else you do during your job search.

Consider the question: “What do I do 
when I experience a major setback?” 
The COVID-19 crisis has given me many 
opportunities to consider how I deal 
with setbacks, and I’ve realized that the 
first thing I do is get angry. When the 
pandemic hit in early March, I’d just 
checked into an Airbnb in Berlin and 
was looking forward to giving a two-
month string of career workshops and 
conference lectures. Suddenly, it was all 
canceled and I had to return home. And 
I was not happy. 

During the next two weeks, as I sat 

in my home office fuming about the lost 
revenue and business growth opportu-
nities, I started to think about how long 
this crisis might last. I realized I would 
not be traveling in May, and probably not 
in July or August either. And that made 
me angry again. 

But then I realized that being upset 
wouldn’t help me recover what I had lost, 
and I needed to replan. I thought about 
what I will do when the crisis is finally 
over, and asked myself: What story do I 
want to tell about how I managed? Do I 
want to say “It was terrible for me and 
my business! I’m just glad it’s over!” or 
do I want to tell a story that positions me 
as a problem solver? It would certainly 

PHOTONICS FOCUS NOVEMBER/DECEMBER 20206
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make a better impression to tell a story 
that sounds something like this: “At first 
I was really unhappy about the impact 
on my business. But then I decided to 
embrace this problem and turn it into an  
opportunity. I knew if I was creative 
enough, I could probably leverage my 
experience into something new that I 
would not have otherwise considered.”

After all, I had successfully used this 
approach in the past, but it required the 
right attitude. Back in 2009, the com-
pany I was working for closed our site 
and moved everything to California. I 
had the option to relocate and keep my 
job, but I really didn’t want to move. 
We were more than a year into a global 
recession, so it would be hard to find a 
new job. I was not happy. I’d only been 
at that job for a year and a half. How 
would that look to my next employer? 
How would I explain the employment 
gap I was anticipating?

As I struggled to figure out how I was 
going to recover from this situation, I  
ran across the following advice in one 
of the many books and podcasts I con-
sumed during that time: 

When things go very wrong, there are 
three ways to deal with it:

www.masterbond.com

154 Hobart St., Hackensack, NJ 07601, USA
+1.201.343.8983 ∙ main@masterbond.com

• For bonding, sealing,
coating & encapsulating

• Outstanding toughness

• Resists thermal cycling

Two Part
EP38CL

gave me an awesome story to tell the peo-
ple I met, especially potential employers. 
Rather than saying “I’m unemployed,” I 
could say “Here’s what I’m working on.”

My plan outlined four specific things 
to work on, two of which also apply to 
job seekers during a crisis. The first was 
to grow my network, because network-
ing is the best way to get a good job, in 
any situation. I suggest using this time 
of isolation and quarantine to network. 
Many other people are sitting home and 
longing for more human contact. Fortu-
nately, the tools for online networking 
are well developed. Use them!

Another of the four actions was to 
research a topic of my own interest. The 
topic I chose was “How do scientists 
transition effectively from academia into 
the private sector?” This project turned 
into a book that paved the way for the 
career I have now: traveling the world 
and teaching scientists to build private 
sector careers. It was a great conversa-
tion piece for a job interview!

To leverage my downtime during 
COVID, I’ve started writing another 
book. This might not work for all current 
job seekers, but I suggest you do some-
thing that positions you as a person with 
the initiative to create your own value, 
while looking for the right opportunity 
to create value with a company. 

Whatever you decide to do, make a 
conscious decision to embrace this time 
and all of the frustrating challenges it 
presents. Decide to build the story you 
want to tell when this is over, and then 
start doing it. This attitude will come 
across clearly in an interview, put you 
well above the competition, and show 
the company that you are the person they 
want on their team.

1
2
3

LET IT CRUSH YOU.

FIND A WAY TO SURVIVE IT  
AND GET ON WITH YOUR LIFE.

FULLY EMBRACE IT AND MAKE 
IT A DEFINING POINT THAT 
LAUNCHES YOU INTO  
SOMETHING NEW.

Options 1 and 2 were not for me—the 
third was what I wanted. The only ques-
tion was how to achieve it. 

I started by turning my employment 
gap into a plan with specific actions. That 

DAVID GILTNER is a speaker, career 
coach, and founder of TurningScience, 
a company designed to teach scientists 
and engineers how to design rewarding 
careers in industry. Watch “How to 
deal with an employment gap” on his 
YouTube channel:  
youtu.be/jfXaKR410g4

OPTIONS: 
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Give a Better  
Online Presentation
Due to travel restrictions surrounding  
COVID-19, virtual conferences and webinars 
have become a new norm for sharing scientific 
discovery. First the good news: Online 
meetings do not require expensive travel, 
and registration is often cheap or free. The 
barrier for entry is very low, which creates an 
environment full of opportunity for sharing 
discovery and knowledge. Now for the bad 
news: Most people report that these virtual 
events are less engaging and more difficult to 
watch than in-person technical talks.

WONDER WHY? It could have to do with the surrounding distrac-
tions of home and family, which are noticeably absent at on-site 
conferences. But it also has to do with the quality of virtual pre-
sentations. Audio, video, room setup, and lighting are taken care of 
by conference organizers, but when the presentation takes place in 
your own living room or home office, those details require thought 
and deliberate planning. 

Here are a few tips to help your next webinar or recorded talk go 
off without a digital hiccup.

1. SET UP YOUR SPACE

If you’re giving a live talk for a webinar or a pre-
sentation that uses slides, you’ll likely need some 
combination of screenshare and your computer’s 
webcam. 

Consider the angle of that webcam: If it’s sitting 
on your lap or a desk, it’s probably pointed slightly 
up your nose. No one wants that. Prop it up so that 
the camera is at eye level, or even slightly higher 
and angled down. 

Look at how your head is framed in the shot, and 
practice the rule of thirds: your head should be in the 
top third of the screen, not centered in the middle. 
The camera should be close enough that only your 
shoulders and head are in the frame. If you can see 
your waistband or belt, the camera is too far away.

And remember what your mother taught you: 
slouching is sloppy. Stand or sit on a stool to keep 
your back straight and your posture upright.

2. PRACTICE YOUR SPEECH

Because you’re giving a presentation virtually, it 
might be tempting to stash notes just offscreen of 
your camera, like a teleprompter. But every time 
you glance to the side to consult your notes, the 
audience’s attention will be drawn away. 

Rehearse your speech every bit as much as you 
would if you were delivering it in person. You can’t 
use body language to help you communicate, so you 
must rely on a confident voice and a well-rehearsed 
message to convey your ideas. 



Online Presentations:  
Ready to Up your Game?
If you’ve lost count of the number of online 
presentations you’ve given since March 2020, 
you might be ready to make some upgrades 
to your setup. A small investment in hardware 
can make a big impact in the quality of your 
presentation.

BANDWIDTH
3. HELP YOUR AUDIENCE FOCUS

Your audience will have a lot of things competing for 
their attention—don’t add to the noise. Find a neutral 
background, ideally a blank wall, and if you don’t have 
one, hang a plain-colored sheet behind you. Photo-
graphs, bookcases, and artwork might convey your 
personality, but they won’t help deliver your content.

If you don’t have a neutral background option, it 
might be tempting to use a virtual backdrop. Don’t. 
Unless you have a green screen behind you, the camera 
algorithms will be constantly looking for the outline 
of your hair, your hands, or the lamp that’s too close 
behind you, and ghost objects will constantly pop in 
and out of frame. That’s creepy, and also distracting.

When giving a talk in person, a good speaker 
makes eye contact with people in the room. You can’t 
do that when giving a virtual presentation, but you 
can make eye contact with your camera, which is 
the next best thing. Avoid watching the thumbnail 
image of yourself on your screen. Your hair looks 
great, no need to check again. 

Wear neutral and professional clothing. While a 
Hawaiian shirt might be your trademark at confer-
ences, it’s hard for your audience to look at anything 
else when it’s on screen.

Close windows, turn off fans, put your dog outside. 
Mics pick up everything.

4. MIND YOUR BANDWIDTH

If you’re prerecording your talk, then bandwidth 
won’t be an issue. But if you’re giving a live presenta-
tion, your internet speed can make or break it. Your 
presentation is being sent over the internet as small 
packets of data. When you have a poor connection, 
some of those packets don’t reach their intended 
destination, resulting in lagging video and failed 
screenshares. How to prevent it:
• Ask your family members to stay off the Wi-Fi 

for the duration of your presentation. 
• Connect directly to the router with a cable, if 

possible.
• Restart your computer to clear your cache.
• Only open browser windows and apps essential 

to your presentation. 
• Join the webinar or live session from a private 

browser, which will limit some of the processes 
running in the background.

The future for virtual conferences will soon be 
revealed. Will they become the new norm in a post-
COVID world, or a thing we’re glad to leave in 2020, 
along with toilet paper shortages and travel bans? 
Most likely, conference organizers will find a way 
to integrate remote presentations with in-person  
conferences, allowing everyone to keep the good and 
say goodbye to the bad. In the meantime, an invest-
ment in planning and setup can help your virtual 
presentation cut through the noise.

Can you hear me now?

People will forgive bad video, but they won’t forgive bad audio. While 
it might be tempting to start with a webcam upgrade, getting a good 
mic is a better investment. Unlike cameras that can clearly see far 
away, audio quality very quickly drops off the further you are from 
the microphone. Most microphones sound their best when they are 
3 to 12 inches away from your mouth. Very few microphones sound 
great beyond two feet, which is about the distance between you and 
your laptop microphone. This means that even if the built-in mic was 
top quality, you are still too far away. 

Stationary mics: Often called a tabletop mic, podcast mic, or a USB 
mic, these are the kind that sit on a table in front of you. If you’re 
going to be sitting still, they’re your best bet and have good audio 
quality. The quality of USB mics has improved a lot over the last few 
years, and will typically sound better than a mic that plugs into a  
3.5 mm audio jack.

Mobile mics: If you need to move around while you talk, then get a 
wireless lavalier mic (which clips to a collar) or a headworn mic.

A meaningful microphone upgrade is going to cost $150–$250.  
Look for reputable brands, like Røde, Shure, Blue, and Samson, 
and avoid the cheap knockoffs—they’re not worth the $39.95 you’ll 
spend, even if shipping is free.

Lights! Camera! Action!

Once you’ve got crisp and clear audio, it’s time to start looking for a 
new webcam, right? Actually, lighting is the next priority. Overhead 
LED and incandescent bulbs are often insufficient lighting for video, 
and window light almost always comes from the wrong direction.

An 18-inch ring light will go a long way toward crisp, clear video. 
Look for one with a color rendering index (CRI) of 95 or more. A 
bi-color light will let you tune toward blue or amber to help match 
the temperature of the lights in your recording space.

Set up the ring so that the top two-thirds sits directly above your 
laptop, illuminating your face in an even and direct glow. If your 
webcam is detached from your computer, situate the webcam inside 
and toward the bottom of the ring. Ring lights with stands cost 
around $100.

Mr. DeMille, I’m ready for my closeup. 

Ready to talk about cameras? The one on your cellphone is better 
than any webcam, and the one built into your laptop is pretty darn 
decent. You don’t need a better camera. Put that money into a better 
microphone.



The Laser 
Roadblock 
Quantum technology 
represents the future 
for many industries, 
but lasers need to 
increase in reliability and 
decrease in price before 
it becomes widespread. 
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SIZE,  COST, AND RELIABILIT Y
OF TODAY ’ S L ASE RS AR E PROHIB ITIVE

IS A ROADBLOCK
TO FU RTH E R DE VE LOPM E NT,  B ECAUSE TH E

L ASER TECHNOLOGY

FOR WIDE -SCALE DE PLOYM E NT.

KIM MCALLISTER is a freelance 
business writer and broadcaster 
on BBC Radio Scotland. She also 
has an eight-part podcast called 
Edinburgh: Space Data Capital, 
which is available on Spotify.

CASSANDRA MERCURY IS WORKING 
on future-proofing the safety of the 
world’s data.

“There is a big event coming and that’s 
quantum computing. It will be able to 
break every existing encryption code in 
seconds, so I’m developing a technology 
to encrypt our data in a way that can’t be 
broken,” she says.

Mercury, the Space Quantum Tech-
nology Lead at Glasgow-based Craft 
Prospect, is working on a quantum 
key distribution payload for a satellite, 
which uses a laser to create an encrypted 
security key.

“Quantum key distribution is based on 
the philosophy that you can’t measure a 
particle without altering it,” she explains. 
“If you’re sending photons in four dif-
ferent quantum states and you have an 
eavesdropper, that will alter what’s been 
sent. That can be detected by the recon-
ciliation algorithms so that you’ll know to 
abort. If there is no eavesdropper, you’ll 
have a secure key at the end of it.”

Mercury says there are only three 
things to consider when it comes to put-
ting things into space, and they go by the 
acronym SWAP: size, weight, and power. 
This mantra also sums up the develop-
ment parameters of the lasers needed for 
many quantum applications.

“We’re working with the University of 
Bristol to create a quantum laser with 
low power requirements so that we can 
launch it at the end of 2022. We want to 
test quantum key distribution and then 

launch a whole constellation of satellites. 
The problem with the quantum lasers is 
the R&D costs are so high. The higher 
the volume of lasers we can produce, the 
cheaper they become,” she says.

As Mercury alluded, lasers enable 
quantum technology, and yet the current 
state of laser technology is a roadblock to 
further development, because the size, 
cost, and reliability of today’s lasers are 
prohibitive for wide-scale deployment. 
Although costs have come down and sta-
bility has increased for some lasers, like 
those used in telecom, quantum sensors 
operate at diverse wavelengths and have 
more stringent power, linewidth, and 
optical isolation requirements. These 
types of lasers do not have enough com-
mercial demand to justify the production 
volume that would drive costs down.

Light sources are essential compo-
nents to quantum networks like the one 
Mercury describes, because photons are 
the natural carriers of quantum states 
over long distances. 

Wilhelm Kaenders, CTO of TOPTICA 
Photonics AG, points out that photons 
are quantum objects in themselves. “Pho-
tons have wonderful degrees of quan-
tumness,” he said at a panel on quantum 
industry at Photonics West 2020.

Kaenders emphasized that photons are 
needed everywhere in quantum: They 
are used to prepare cold atoms, probe 
quantum states, initiate quantum coher-
ence, and read quantum information. 
Lasers are essential components in many 



quantum computers, quantum sensors, 
and optical clocks.

Indeed, quantum technology will 
enhance many industries we take for 
granted. Take satellite navigation, for 
example—it’s a tool we recognize as GPS 
on our smartphones and our vehicle 
dashboards. However, GPS signals from 
satellites can be fragile, and easily dis-
rupted by tall buildings or trees.

The field of quantum sensing could 
provide satellite-free navigation, free-
ing us from the frustration of GPS dead 
zones. In fact, such a product is already 
commercially available through another 
Glasgow-based company, M Squared. 
Their quantum accelerometer uses 
highly sensitive atom interferometry to 
measure accelerations along a horizontal 
axis.

Quantum accelerometers exploit 
quantum interference to achieve a com-
bination of sensitivity and stability. They 
are critical components of a quantum 
inertial navigation unit, which can offer 
satellite-free navigation with long-term 
accuracy. 

Nils Hempler, Head of Innovation at  
M Squared, says there has been a signifi-
cant shift in the global quantum commu-
nity of late. 

“In the beginning, we were talking 
about the potential of quantum in the 
decades to come. It has now become 
clear that quantum will have a profound 
impact on society. A quantum industry is 
forming and it is gaining momentum, as 

evidenced by the number of companies 
pivoting into quantum, from blue chips 
through to system integrators, startups, 
and university spin-outs. Take quantum 
computing, for example, it is starting to 
disrupt the entire industry as hardware 
and software developers are mobilizing 
and end users, such as banks, prepare.”

Fields like mining, surveying, and 
earth observation could be revolution-
ized by quantum tech, like M Squared’s 
quantum gravimeter. It uses quantum 
interference of matter waves to measure 
the local value of gravitational acceler-
ation, or ‘g’, with very high precision. 
If this sounds familiar, LIGO uses this 
same method to detect cosmic gravi-
tational waves. However, gravimeter 
applications translate from astronom-
ical observations to more terrestrial 
ones. Objects with different mass cause 
small f luctuations in the value of g 
measured on the surface of the Earth. 
The quantum gravimeter can be used 
to sense these objects—like oil fields, 
for example—hidden under the surface. 

Quantum clocks, which could be used 
to help spacecraft orient themselves 
and navigate autonomously, are also of 
increasing interest. 

Craft Prospect has begun discussions 
with researchers at the University of 
Strathclyde to advise on reducing a quan-
tum clock to the size of a CubeSat—which 
is 10×10×10 cm. 

Such a goal is noteworthy not only for 
the compact size, but also for the stability 

such a system would require. Most of 
today’s optical clocks fill optical benches 
in laboratories and require a team of 
grad students to keep running.

M Squared, meanwhile, is working on 
the strontium lattice clock project, which 
aims to create the world’s first commer-
cially available fully integrated optical 
frequency atomic clock. This clock will 
be compact, transportable, easy to use, 
and based on optical lattice technology 
enabled by the company’s SolsTiS laser. 
The strontium lattice clock will achieve 
frequency uncertainties below 10–17, 
a level unprecedented on the global 
market. Its applications span industries 
as diverse as high-frequency financial 
trading, power grid management, and 
gravitational wave detection.

“Right now we’re seeing quantum 
programs and their outputs being driven 
more and more by use cases,” Hempler 
adds. 

“In computing, these use cases include 
drug simulation, cryptography, commu-
nications, traffic optimization, climate 
change, and artificial intelligence. In 
quantum sensing, we’ve made notable 
progress on gravimeters, accelerome-
ters, and clocks, and it is enabling us to 
address target markets in navigation, 
advanced surveying, and earth obser-
vation technology and time standards.”

As lasers for quantum applications 
increase in availability and decrease in 
price, we can hope to see these use cases 
move nearer on the horizon.

FIELD OF VIEW
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Now Hiring: Quantum Engineers
As quantum technology nears readiness in some areas,  
industry is looking ahead to the workforce. Who are they?

WHEN I GROW UP, I WANT TO BE A firefighter, veterinarian, 
president, or a…quantum engineer. For quantum technologies 
to revolutionize industries at a scale that matches the hype, 
quantum engineering must become the dream job for today’s 
youth, and even for many of those already in the workforce. The 
jobs are going to be available. But will there be enough people 
with the right skills to fill them?

“This is a subject of strong interest to almost all our members,” 
says Celia Merzbacher, associate director of the US-based Quan-
tum Economic Development Consortium (QED-C). “QED-C 
represents a fairly diverse mix of companies and from across the 
quantum supply chain. This includes companies that provide 
materials or components to the quantum technology—such as 
lasers and photonics, ones doing software development, and even 
end users who are already thinking about how quantum-based 
capabilities could impact their company or area of business, like 
a pharmaceutical or a financial company. All of them have work-
force issues where they’re looking for people with specific skills.” 

As Merzbacher hinted, the future of quantum technology 
is as much about enabling applications that are not quantum 
specific as it is the realization of core quantum technologies 
like quantum computing or communication. Whether that’s 
in materials science, biology, banking, ultraprecise timekeep-
ing, or some other not yet imagined application, the need for 
basic understanding of quantum principles and technologies 
will be critical for engineers in those fields to take advantage 
of the new quantum-enabled capabilities. Still, it can be hard 
to convince people to learn tomorrow’s technologies today, 
especially those that are not fully realized.

“But that doesn’t mean we shouldn’t be ready for when 
they are,” declares Diana Franklin, an associate professor of 
computer science at University of Chicago and co-leader of 
Q2Work, an NSF-funded program that provides support for the 
Quantum Information Science education ecosystem through 
digital tools, outreach, and collaborative workshops. 

“There’s currently a shortage of qualified workers, and 
there’s projected to be more demand and more shortage later 
both in terms of absolute numbers and in terms of diversity,” 
says Franklin. Acknowledging the lack of diversity currently 
in university math, physics, and computer science programs, 
Franklin believes the best way to fill these gaps is to target high 
school students, introduce them to basic quantum principles, 
and prepare them for college where a basic understanding can 
be leveraged into more applied learning.

Targeting both students and teachers, Franklin and her team 
have designed zines and other outreach material to help explain 
core quantum information science concepts without too much 
math or prerequisite knowledge. She hopes to get buy-in for 
the future of quantum from the youth of today. “It’s actually 

a very hard sell. The two most important things for us are to 
emphasize the economic stability and the jobs that are going 
to be there. Then the second one is the impact on society, the 
positive impact on society.”

As Franklin points out, even in quantum information sci-
ence, the potential jobs are not a singular title or skillset. From 
theorists to software developers and systems engineers, the 
technology will have a similar roadmap and product cycle as 
conventional computing. Having even a basic understanding 
of quantum will give you a leg up on the competition. 

“There are lots of jobs on lots of levels, as there are probably 
with any transformative technology,” she says. “A lot of tech-
nology work needs to be done to get us to the point where we 
can make very large quantum computers, and then we have 
the systems people who optimize what the algorithms do, and 
there’s a lot of middleware to be made between the two ends. 
And quantum computing is just a subset.”

As for how big the potential employment market may become 

IT  WILL TAKE A 

  TALENTED AND
INNOVATIVE WORKFORCE 

TO PUSH

QUANTUM TECHNOLOGIES



Industry Updates
M&A
» Siemens Healthineers to acquire Varian Medical 

Systems, Inc. for $16.4B. The transaction is expected to 
close in the first half of 2021.

» II-VI Incorporated to acquire Ascatron AB for an 
undisclosed amount. The transaction is expected to 
close by the end of 2020. 

» Intelligent Devices, Inc. and Transformational 
Security, LLC were acquired by HEICO Corp. for an 
undisclosed amount effective August 12, 2020.

» MedLight SA was acquired by Rakuten Medical Inc. for 
an undisclosed amount effective August 19, 2020. 

» Solaris Laser S.A. was acquired by Dover Corp. for an 
undisclosed amount effective August 27, 2020. Solaris 
is now part of the Markem-Imaje business unit. 

» TRIOPTICS GmbH was acquired by JENOPTIK AG for 
an undisclosed amount effective September 24, 2020.

» Omega Optical, Inc. was acquired by Artemis 
Capital Partners for an undisclosed amount effective 
September 15, 2020. The company is now called 
Omega Optical, LLC. 

» Luminar Technologies agreed to merge with Gores 
Metropoulos Inc. on August 24, 2020 with an equity 
value of approximately $3.4 billion at closing. The 
combined company will be listed on Nasdaq under 
LAZR.

Executive Updates
» Boris Neubert and Benedikt Stender have been 

appointed new managing directors of Multiphoton 
Optics GmbH, effective August 11, 2020. They replace 
the company’s co-founder, Ruth Houbertz, who will 
continue in an advisory role.

» Rohan Seth was appointed CFO of Cutera, Inc., 
effective August 10, 2020.

» Ian Walsh was appointed President and CEO of  
Kaman Corp., effective September 8, 2020. He 
succeeds Neal Keating, who will retire during the 
company’s 2021 shareholders meeting. 

» Sassine Ghazi was appointed COO of Synopsys, Inc., 
effective August 19, 2020. 

» Hartmut Liebel, CEO of Sanmina Corp., left the 
company effective August 17, 2020. He is succeeded 
by Jure Sola, who is also co-founder and Executive 
Chairman. 

» Dan Boehle was appointed CFO of Aerojet 
Rocketdyne, Inc., effective August 10, 2020. 

» Laurent Fischer was appointed CEO of Adverum 
Biotechnologies, Inc., effective August 7, 2020.

» Marisa Edmund was appointed Vice Chair to the board of 
directors for Edmund Optics, effective October 5, 2020.

»  Udit Batra was appointed President and CEO of Waters 
Corp., effective September 1, 2020. He succeeds 
Christopher O’Connell.

» David Heard, current COO of Infinera Corp., has been 
appointed CEO. The transition is expected to take 
place by the end of 2020. Current CEO Tom Fallon will 
remain on the board. 
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for quantum engineers, Merzbacher points out the expo-
nential nature of possible applications. “I think there are a 
lot of ways to guesstimate a number. Are you just talking 
about the companies that are developing and ultimately 
making and selling hardware, like the IBMs of the world and  
Honeywell and Rigetti and others? Or are you also includ-
ing the Goldman Sachs, who are going to want a quantum 
expert to put in systems that work for their business?” 

Once you consider the numerous industries that could 
benefit from quantum technology, and their need for a 
quantum expert for system design and programming, 
the job pool suddenly seems very, very deep. Merzbacher 
believes that many industries have become aware of the 
potential role of quantum technology, and they will need to 
start investing in order to be positioned to take advantage 
of crucial advancements. “And that’s, I suppose, the sign of 
an emerging industry in technology,” she adds.

The bridge from hype and promise to an actual industry 
will require more than just faith and investment: It will take 
a talented and innovative workforce to push quantum tech-
nologies to be ready for mass production and adoption. It 
will also require engineers who understand how to leverage 
those technologies for end-use applications to fully realize 
the promise of quantum.

That promise is what excites and propels many, including 
Franklin. “Nobody realized that Google Maps was going to 
happen 10 years before it did. And so, as with any trans-
formative technology, you can’t predict the ways it will be 
used and change things,” she said. “We don’t know that 
this is going to expose all of the secrets of the universe, but 
conventional computing is not going to expose any more of 
them. So this is the only shot we have.”

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

Image credit: EPiQC, University of Chicago

EPiQC zines can 
be downloaded 
and printed from 
bit.ly/EPiQC
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Cosmic Radiation—
Kryptonite for 
Quantum Computers
QUANTUM COMPUTERS may soon be able 
to outperform classical computers, but they 
have their kryptonite: Qubits, the building 
blocks of quantum computers, are sensitive 
to outside interference such as heat, mag-
netic, and electric fields—even the low-level 
radiation that normally surrounds us.

Researchers at MIT, Lincoln Laboratory, 
and Pacific Northwest National Laboratory 
have recently determined that the worst 
offenders may come from space. While we 
may not always notice cosmic rays and the 
secondary particles they create, they can 
really mess with the integrated circuits in 
electronic devices.

To measure the effects of this radiation, 
the researchers placed disks of irradiated 
copper next to superconducting qubits. To 
minimize other interference, the experi-
ments were done inside a dilution refriger-
ator, where the environment was about 200 
times colder than the vacuum of space.  The 
results showed that the qubit coherence time, 
the time that qubits maintain the state that 
gives them their power, would be limited to 
around four milliseconds. 

The experiments showed that to get the 
most out of quantum computers, they need 
to be built with adequate shielding. One 
solution would be to keep them deep under-
ground, like neutrino-hunting experiments 
that also need protection from cosmic rays, 
but the preference is to mitigate the effects of 
radiation above ground. It may be possible to 
design qubits in a way that makes them less 
sensitive to quasiparticles, or design traps for 
quasiparticles so they will flow away from the 
qubit. Cosmic radiation, the team says, is not 
game-over for quantum computers.

(A.P. Vepsäläinen et al., Nature 2020  
doi: 10.1038/s41586-020-2619-8)

Photonic Multishells 
Counteract Counterfeiters
WITH A DEVELOPMENT THAT MAY FURTHER COMPLICATE the lives of 
counterfeiters, a research team from Korea has created a material that 
could replace the color-shifting inks currently used to combat forgery 
of  banknotes, ID cards, and other official documents.

Color-shifting ink, or optically variable ink (OVI), has been a useful 
anticounterfeiting measure for several years and is considered one of 
the most complicated types of ink to prevent forgery. OVI works by 
displaying two distinct colors depending on the angle at which a bill or 
document is viewed. 

Instead of relying on pigments as OVI does, photonic crystal materials 
can show different colors due to their periodic nanostructure which reflects 
the light of certain waves. The presence of such a repeating structure 
on liquid crystals makes it possible to fabricate a material exhibiting 
several optical characteristics. To  achieve this effect, it is necessary to 
sequentially build up several layers with different patterns, which is a 
complicated process.

The team found a simpler method of fabricating multilayered  
color-changing liquid crystals about as thick as a human hair.

Along with a cosolvent that dissolves in both oil and water, a mixture 
of organic alcohol, a hydrophilic moisturizing agent, and hydrophobic 
liquid crystal material was emulsified in water to form microemulsion 
drops. Exchanges among the cosolvent, moisturizing agent, and water 
molecules through the surfaces of each emulsion drop caused the hydro-
phobic and hydrophilic layers to separate. 

This new process of creating multilayered liquid crystals by emulsi-
fying the mixture is expected to serve as the basis for adding unique 
optical characteristics to materials, and the development of functional 
particles to create composite materials. 

(S. Park et al., Adv. Mater. 2020, doi: 10.1002/adma.202002166)

Photo Credits: Korea Institute of Science and Technology (left); Michael Perkins, PNNL (right)
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T-Rays: The Final 
Frontier
T-RAYS—OR TERAHERTZ RADIATION—reside in the spec-
tral gap between microwave electronics and infrared optics. 
Considered one of the final frontiers in photonics, T-rays offer 
immense potential in applications such as body scanning and 
rapid gas sensing, but are expensive to generate. 

Electrically driven compact terahertz lasers, called quan-
tum cascade lasers (QCLs), could offer a solution if, instead 
of operating in their usual continuous-wave mode, they were 
able to change to pulsed operation. The required element here 
is a saturable absorber, which works like a foggy mirror that 
momentarily turns clear if the incident light is too bright. 
Short pulse beams would easily saturate the absorber, causing 
less loss than a continuous-wave beam. So far, this has been 
unachievable with QCLs.

Taking a cue from musical instruments such as the piano 
or acoustic guitar, an international research team from Ger-
many, Italy, and the UK have mixed electronic resonances 
in semiconductor nanostructures with the photon field of 
microresonators.

The unique sound of a Steinway or Fender comes less from 
the strings than from the resonating body where the sound is 
defined. The team transferred this idea into terahertz optics 
and assembled a gold mirror and a gold grating that jointly 
work like a resonating body for T-rays. The resonances can be 
coupled with electrons that hop between two quantum states 
defined by an atomically precise sequence of semiconducting 
nanostructures—an idea that could dramatically extend the 
scope of terahertz photonics. Compact QCLs emitting ultra-
short T-rays could open the door to new applications in medical 
diagnostics, data storage, and high-speed communication.

(J. Raab et al., Nat. Commun. 2020, doi: 10.1038/s41467-
020-18004-8)

Photo Credits: Juergen Raab, Universitaet Regensburg (left); Vera Smolyaninova et al. (right)
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METAMATERIALS—nanoengineered structures 
designed for precise control and manipulation of elec-
tromagnetic waves—have enabled such innovations as 
invisibility cloaks and super-resolution microscopes. 
Using transformation optics, these novel devices 
operate by manipulating light propagation in “optical 
spacetime,” which may be different from actual physical 
spacetime.

The familiar three spatial dimensions and one 
temporal dimension of conventional spacetime find 
an alternative paradigm in two-time (2T) physics, 
which has two spatial and two temporal dimensions. 
A team from the University of Maryland has recently 
completed an experimental demonstration of the  
formerly theoretical proposal: They constructed a 
physical system that exhibits  2T behavior in ferro- 
fluid-based hyperbolic metamaterials. 

Experimental progress in this field has been rela-
tively slow due to difficulties associated with the 3D 
nanofabrication techniques necessary to produce 
large-volume 3D nonlinear hyperbolic metamateri-
als. The research team developed an alternative way 
to fabricate large-volume 3D nonlinear hyperbolic 
metamaterials using self-assembly of magnetic metal-
lic nanoparticles in a ferrofluid subjected to external 
magnetic field. Lead researcher Vera Smolyaninov 
explains, “Due to nonlinear optical Kerr effect in the 
strong optical field of a CO2 laser, light propagating 
inside the ferrofluid indeed exhibits pronounced gravi-
ty-like effects, leading to emergence of the gravitational 
arrow of time.”

The observed 2T behavior has potential for use in 
ultrafast all-optical hypercomputing, which involves 
mapping a computation performed during a given 
period of time onto a much faster computation per-
formed using a given spatial volume of a hyperbolic 
metamaterial.

(V. Smolyaninova et al., Adv. Photon. 2020, doi: 
10.1117/1.AP.2.5.056001)

Metamaterials Propagate 
in Optical Spacetime
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Quantum encryption 
makes headway in 
the quest to keep our 
secrets secure
By Ron Cowen

COULD QUANTUM ENCRYPTION HAVE SAVED  
MARY,  QUEEN OF SCOTS?
BY THE TIME QUEEN MARY WAS PUT ON TRIAL for treason 
in 1586, she had been imprisoned in England for more than 18 
years. Mary’s cousin, Queen Elizabeth of England, had always 
viewed her as a threat to the crown, but needed proof positive of 
treason before ordering her execution. Elizabeth’s chief secretary 
had recently been alerted that Mary’s compatriots, including one 
Anthony Babington, were hatching a plot to assassinate Elizabeth. 

In prison, Mary received letters from her supporters seeking 
approval of the assassination plot. To ensure her replies would 
remain secret, Mary employed a method that queens, kings, and 
military leaders had used for thousands of years to communicate 
sensitive messages: she wrote her consent in a secret cipher. Queen 
Mary felt certain that even if her correspondence was discovered, 
no one could decode the seeming jumble of alphabet letters and 
numerical symbols. Unbeknownst to her, a spymaster for Queen 
Elizabeth had not only intercepted Queen Mary’s replies, but 
broken the code. Before handing the traitorous evidence over to 
the court, the code breaker put his own symbol atop Queen Mary’s 
encrypted missives: the gallows. 

Mary, Queen of Scots, was beheaded in February 1587.

UNHACKABLE
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THE CAT-AND-MOUSE COMPETITION between code makers 
and code breakers has played out for centuries, but today their 
battles have higher stakes. With the flood of personal informa-
tion on cell phones, computers, and laptops, the internet is a 
playground for hackers. They have already stolen millions of 
social security numbers and health records and intercepted 
numerous government secrets. If hackers manage to break 
the complex codes that governments and financial institutions 
have relied on for the past three decades, it could bring the 
operation of banks, electrical power grids, and even nations 
to a standstill.

That’s where quantum encryption comes in. The strange 
laws of quantum physics dictate that a code based entirely 
on quantum mechanics can never, ever be broken—in theory. 
In practice, quantum encryption is still vulnerable to code 
breakers and will be for the foreseeable future. Code makers, 
however, do have the laws of nature on their side—bizarre, 
counterintuitive laws, but laws nonetheless. 

Consider a code that uses the quantum principle of super-
position. Superposition means that an isolated atom or other 
quantum particle can exist in more than one state at a time. 
For instance, the spin of an electron has two directions—“up” 
or “down,” akin to the two states “0” and “1” of a classical 
computer bit. The superposition principle says the spin of 
an isolated electron is indeterminate: It can point up, down,  
or exist simultaneously in some schizoid combination of  
the two.

IN THE EARLY 1970S, PHYSICIST Stephen Weis-
ner, then at Columbia University, proposed that 
information could be securely coded in such a 
two-state quantum system, now known as a quan-
tum bit or qubit. Weisner capitalized on another 
quantum feature: A qubit, whether electron spin 
or some other two-state quantum system, can’t 
be measured without altering its original state. 

If an outsider—a potential code breaker—tries to 
peek at the spin, the very act of measuring breaks 
the superposition, forcing the electron spin (qubit) 
to point in a specific direction, up or down. Instead 
of decoding the secret message, the eavesdropper 
destroys the code itself. A hacker cannot attempt to 
steal quantum information without leaving prima 
facie evidence that she’s done so.

In 1984, two researchers, Charles Bennett of 
IBM in Yorktown Heights, New York, and Gillies 
Brassard of the University of Montreal, built upon 
Weisner’s proposal and fleshed out a scheme in 
which two people could create a so-called quan-
tum key distribution (QKD)—a shared code that 
can encrypt and decrypt messages without fear 
of hacking. 

Other quantum encryption codes, which can 
be employed over great distances, such as several 
tens of kilometers of optical fiber, rely on an even 

Quantum Coding in Action
Let’s say Alice and Bob want to communicate privately and 
avoid eavesdropping by a third party, Eve. They rely on the 
quantum principle of superposition and a light’s polarization 
property—the direction in which the electric field of a 
photon vibrates as the photons journey forward. Photons 
have four possible polarization states: vertical, horizontal, 
and diagonal polarizations of plus or minus 45 degrees.

First, Alice sends a stream of photons to Bob through a 
filter that randomly endows each particle of light with 
one of the four possible polarizations. For example, a 
vertical polarization might be assigned a zero, a horizontal 
polarization a one, a 45-degree polarization to the right a  
1 and a polarization of 45 degrees to the left a zero. 

Bob has to read the polarizations of each photon by 
selecting a filter, and he doesn’t always guess the right 
filter to pick. But that’s OK. When Bob and Alice compare 
notes after the transmission, Bob tells her what filter he 
used for each detection. For those instances in which Bob 
chose a polarization filter that did not match Alice’s, those 
photons (qubits) are discarded. The remaining photons 
form a shared key. As the last check, Alice and Bob 
sacrifice some of the key photons to publicly disclose them 
and determine if they have been altered in transit. If no one 
has tried to eavesdrop, they will be identical. The remaining 
undisclosed photons then form the secret key.

BOB
Anthony Babington

ALICE
Mary Stuart

 Alice’s Bit Sequence 1 0 1 1 0 0 1 1 0 0 1 1 1 0

       Bob’s Detection

  1 0 0 1 0 0 1 1 0 0 0 1 0 0 Bob’s Measurements

 Sifted Key 1 – – 1 0 0 – 1 0 0 – 1 – 0 Sifted Key 
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Teleportation via Entanglement
Quantum teleportation transfers information about 
the quantum state of one particle to another remote 
particle. In this scenario, Alice and Bob are at either 
end of a communications network and share a qubit in 
the form of a pair of entangled photons. Alice has one 
photon, Bob the other. Alice now wants to share some 
new quantum data with Bob. To do so, she performs 
an operation that causes her photon to interact or 
become entangled with a nearby qubit that contains 
that quantum data. When she performs a measurement 
of the state of her entangled photon and the qubit, 
she finds that the state of her entangled photon has 
changed due to the interaction with the qubit. But 
because her photon is entangled with Bob’s, his photon 
must also have changed. 

Bob, however, is still in the dark—he can’t tell if or how 
his photon has changed until he receives the results 
of Alice’s measurement. She transmits the information 
using ordinary (non-quantum) computer bits through 
a standard optical fiber. When Bob receives the 
information, he can finally determine how his photon 
has changed and deduce the quantum data that was 
securely teleported to him. The beauty of this approach 
is that no actual particle had to make the passage, only 
the information.

stranger quantum property known as entanglement. Consider two 
isolated quantum particles that are highly correlated—for instance 
two photons generated with equal and opposite polarizations. No 
one knows the polarization of either photon—in fact, according to 
the superposition principle, they are both indeterminate. 

Suppose one photon heads towards Alice, who receives signals at 
one end of the coding network, and the other photon heads towards 
Bob, at the other endpoint of the network. If Alice measures the 
polarization of the photon headed her way and finds that it points 
vertically up, it automatically forces the polarization of the photon 
headed toward Bob to point vertically down. And that’s true even if 
Alice and Bob reside on opposite ends of the universe. Entanglement 
manages to teleport a signal from Alice to Bob. 

A key benefit of entanglement is that it enables code makers to cre-
ate and share strings of random numbers between two members of 
a communications network who want to keep their messages secret. 
Cryptographers are enamored by random numbers because by defi-
nition they cannot be predicted, and a code based on them cannot be 
hacked. And only quantum mechanics, with its wholly unpredictable, 
indeterminate nature, can generate a set of truly random numbers. You 
might think that some non-quantum activity, like tossing a coin, could 
just as easily generate a random pattern—the unpredictability of the coin 
landing heads or tails on a given toss. In fact, if all the factors affecting 
the coin toss were known, you could predict each time if the coin will 
land heads or tails. In quantum theory, the outcome of a process can 
never be predicted with certainty.

 “Quantum physics is very weird because we don’t have analogies 
in real life, and that makes it very hard to gain intuition about how 
this stuff works,” says Christopher Monroe of the University of 
Maryland and Duke University. It’s also hard to make the leap from 
quantum encryption theory to building actual systems that employ 
theory, he adds.

BOB
Anthony Babington

EVE
Queen 
Elizabeth

 Alice’s Bit Sequence 1 0 1 1 0 0 1 1 0 0 1 1 1 0

       Bob’s Detection

  1 0 0 1 0 0 1 1 0 0 0 1 0 0 Bob’s Measurements

 Sifted Key 1 – – 1 0 0 – 1 0 0 – 1 – 0 Sifted Key 

THE STRANGE LAWS OF

  QUANTUM PHYSICS
DICTATE THAT A CODE BASED

ENTIRELY ON QUANTUM MECHANICS

CAN NEVER, EVER BE BROKEN—

IN THEORY.
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YOU CAN’T ATTACK THE

 QUANTUM CODE, 
BUT YOU CAN ATTACK 

THE SETUP.”

“ALTHOUGH QUANTUM ENCRYPTION can’t be tampered with, 
the devices built to generate and receive the photons, electrons, 
or clouds of ions used in quantum encryption are far from perfect. 
Researchers call this the implementation problem. 

“You can’t attack the quantum code, but you can attack the 
setup,” says cryptographer Michele Mosca of the University of 
Waterloo in Canada.

Hackers—often other scientists—take advantage of these imper-
fections, using their wits to uncover loopholes that can compromise 
the security of quantum messaging. What’s more, some of these 
attacks can be accomplished without legitimate participants ever 
knowing about the breach. 

Vadim Makarov, a burly physicist with a flowing beard, is famous 
for finding such loopholes, known as side channels. Now director 
of the quantum hacking lab at the Russian Quantum Center in 
Moscow, Makarov found a relatively simple way to steal a QKD 
without a trace a decade ago. 

In Makarov’s scenario, interloper Eve sends a pulse of blindingly 
bright light to the single-photon detector that Bob uses to receive 
Alice’s quantum-encoded message of 1s and 0s. The brilliant flash 
lowers the sensitivity of Bob’s detector so that it can no longer 
record single photons. It stops acting as a quantum light sensor 
because the detector has lost the ability to distinguish between the 
different polarization states of individual photons sent by Alice. 

However, the device still responds as an ordinary, non-quantum 
light detector for streams of photons that are bright enough, which 
happens whenever Eve surreptitiously sends another bright pulse 
of light to Bob. Eve sends such a pulse every time she intercepts a 
signal from Alice that has a bit designation of “1.” In this way, Eve’s 
and Bob’s readings match, and neither Bob nor Alice has any idea 
that Eve has hacked the quantum cryptographic system.

In another mode of attack, physicist Hoi-Kwong Lo of the Univer-
sity of Toronto and his colleagues focused on Alice instead of Bob. 
The strategy exploits the timing involved in how some quantum 
encryption systems encode messages. To begin encrypting, Alice 
needs Bob to send a light pulse, which she then encodes using a 
phase modulator. Because Alice and Bob have agreed that Bob 
will send his initial signal at a particular time, Alice only switches 
on the phase modulator just before the signal’s expected arrival.

Armed with this knowledge, Eve disrupts the encryption scheme. 
She slightly delays or advances the timing of Bob’s signal, for exam-
ple by lengthening or shortening the optical fiber through which 
Bob’s signal travels. This introduces errors in Alice’s coding that 
prevent either her or Bob knowing that Eve has stolen the code. 

With improved detectors, these particular loopholes have been 
closed, but others may remain. For instance, some single-photon 
detectors emit light, known as a back flash, when they detect a pho-
ton. If Eve intercepts the back flashes, they might provide enough 

clues for her to decipher the quantum code without any-
one knowing. In yet another scenario, if Eve measures 
changes in the power consumption of computer chips as 
they generate the quantum code, she may acquire enough 
clues to decipher the encryption.

“There’s a lot of tricks to the trade,” says Mosca.
In patching these loopholes, new, unexpected ones 

may arise, notes physicist Dirk Englund, head of the 
quantum photonics laboratory at MIT. That’s because 
QKD typically relies on simple mathematical models 
to describe the operation of the devices involved in the 
encryption. If the actual devices behave differently than 
the models, it could leave real-life QKDs vulnerable to 
hackers, noted Victor Zapatero and Marcus Curty of the 
University of Vigo in Spain in a recent Nature article. 

So can quantum encryption systems be made secure 
even if we can’t trust the components?

Until recently, Englund says, the answer would have 
been no. But the landscape has changed with the devel-
opment of device-independent quantum key distribution 
(DIQKD) encryption. These are systems in which the 
protocol for sending a secure message does not require 
that the devices generating and receiving quantum- 
encoded signals are trustworthy. No assumptions are 
made about the inner workings of the devices; instead 
they are viewed as the quantum version of a black box. 
Alice and Bob extract their shared code only from the 
statistical pattern that emerges after recording large 
amounts of data. If Alice and Bob can prove they have 
generated true entanglement by examining the statistical 
data, they are free to send encrypted messages without 
fear that hackers could break in through side channels.

At present, however, these systems, though foolproof, 
transmit information too slowly to be practical. They 
are also difficult to build. 

In the meantime, researchers have an alternative that 
is not quite as secure but protects against side-channel 
attacks more effectively than other quantum encryption 
setups. These are measurement-device-independent  
quantum key distributions (MDIQKD) systems, which 
allow encrypted data to be successfully transmitted 
irrespective of the trustworthiness of the device that 
measures the signal. 

With many hackers finding ingenious ways to take 
advantage of flaws in measuring devices, MDIQKD 
eliminates a host of vulnerabilities. What’s more, 
several companies in the US and Europe, including 
IDQuantique in Switzerland, have taken the first steps 

–Michele Mosca
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That means it can solve enormously complex mathematical 
problems that are beyond the ken of the world’s largest super-
computer. A boon to basic and applied research, a quantum 
computer’s abilities include something cryptographers of 30 
years ago had not counted on: It can factor a number as large 
as 500 digits, determining which two numbers, multiplied 
together, will produce that large number.

That’s of grave concern because the standard classical code, 
known as RSA (named for the trio of researchers, Rivest, 
Shamir, and Adelman, who developed it), relies on keeping 
secret the factors of large numbers employed in the code. 
Because bona fide users of an RSA code generate a large 
number by multiplying together two smaller ones, they auto-
matically know the factors. 

Reversing the process—given a very large number, find the 
factors that generated it—is far more difficult and not solvable 
by any computer existing today. It’s a little like the difference 
between mixing two paint colors to get a third and trying to find 
and separate the two colors that produced the mixture. A future 
quantum computer would have no trouble separating the colors.

That code-breaking capability imperils cybersecurity not 
only in the future but right now. Suppose a government agent 
sends an ultrasensitive message today using RSA. If a hacker 
intercepts the message, he of course won’t be able to decipher the 
message with any existing computer. But the hacker is patient. 
If he archives the recording and waits long enough—until an 
advanced quantum computer is in operation—he can break the 
code then, revealing the contents of a message that may still 
prove to be highly dangerous if made public. In that sense, a 
quantum computer that comes online a decade from now can 
travel back in time, exposing today’s supposedly secure secrets.

It’s not easy to prove that a new classical code is complex 
enough to resist a quantum computer attack, but at the 
National Institute of Standards and Technology (NIST) in 
Gaithersburg, Maryland, they’re trying. NIST recently spon-
sored a competition to find such codes and has winnowed the 
69 entries down to 15 that will undergo extensive testing. It 
will take several years to prove that any of the 15 can withstand 
the scrutiny of an advanced quantum computer.

Developing codes that can’t be cracked by quantum com-
puters, and building encryption systems based on the law of 
quantum mechanics, aren’t either/or endeavors, says Mosca. 
With so much of our lives and our economic prosperity online, 
he notes, “both are needed to protect cybersecurity.”

These endeavors might even, perhaps, protect an encrypted 
message from MaryQueenofScots@gmail.com

to building actual MDIQKD systems, which transmit 
information at a higher rate than the more restrictive 
DIQKD schemes.

CHINESE RESEARCHERS, led by the “father of quan-
tum” Pan Jian-Wei of the University of Science and 
Technology in Shanghai, demonstrated what may 
be the splashiest example of quantum entanglement 
in 2017, when they teleported the quantum states of 
entangled photons on Earth to an orbiting satellite 
1,400 kilometers away. As the satellite flew over Beijing 
and then Vienna, it beamed separate quantum encryp-
tion codes, based on the quantum states of the photons, 
to ground stations near each city. The codes enabled 
scientists in the two cities to conduct an unhackable 
video conference. Canada is now planning to launch its 
own satellite to test quantum communication schemes.

In the meantime, Pan and his collaborators reported 
another first earlier this year: They set a new distance 
record for producing entangled quantum pairs on the 
ground. Using photons and atoms as the partners, 
they achieved entanglement between two nodes of a 
communications system separated by 50 kilometers. 
That’s long enough to connect two cities. 

In the Netherlands, researchers are working to build 
a secure quantum communications network between 
Delft and three other cities. Their goal is to develop 
a blueprint for a future quantum internet that would 
operate across Europe. 

But research institutions, private companies, and 
governments aren’t only pouring money into develop-
ing secure quantum encryption systems. They know 
that quantum theory can be used to break codes well 
as protect them. The threat comes from future quan-
tum computers, which may begin to threaten cyber- 
security in less than a decade, and are the focus of a lot 
of government and industrial R&D.

Researchers demonstrated two decades ago that 
quantum computers will have the power to smash the 
classical encryption codes that now secure everything 
from health records to Amazon purchases. Which is 
why nations are racing to develop more complex clas-
sical codes that can withstand a quantum computer 
attack. (Battling the problem by using unhackable 
quantum encryption is not possible, experts say, 
because advanced quantum computers can be built 
long before the necessary network, devices, and soft-
ware to support a worldwide QKD system.)

A quantum computer wields enormous power because 
its qubits can simultaneously assume a multiplicity of 
values between 0 and 1. A quantum computer with 50 
qubits can exist in 250 (one quadrillion) states at once. 

RON COWEN is an award-winning science writer based in Silver Spring, Maryland. His writing focuses on physics and 
astronomy and the history and technology of early recorded sound. His first book—Gravity’s Century: From Einstein’s Eclipse  
to Images of Black Holes—was recently published by Harvard Press (bit.ly/GravitysCentury).
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quantumBy Rebecca Pool

A NEW KIND OF

Photo Credit: Xanadu

Xanadu's 
photonic quantum 
processing unit
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So far, quantum computing 
has been ruled by ions and 
electrons, but does its future 
lie with photons?

WHEN A LITTLE-KNOWN PHOTONIC QUANTUM COMPUTING STARTUP, PSIQUANTUM, 
raised $150 million in its latest funding round this year, the technology community took 
notice. With Microsoft’s venture capital arm and other prominent investors having now 
ploughed a mighty $215 million into the four-year-old Palo Alto company, it became one of 
the most well-funded startups in quantum computing history.

However, PsiQuantum turned even more heads when, after years of silence from the 
company, chief executive Jeremy O’Brien told Bloomberg Businessweek that his company 
would build a quantum computer with one million qubits—the minimum number deemed 
necessary for a commercial system—within “a handful of years.” For context, IBM and 
Google only recently introduced 54 qubit systems.

So what makes PsiQuantum’s technology so promising? As Terry Rudolph, co-founder 
and chief architect says, “Interestingly, our photons do not decohere.” And when Rudolph 
says something is interesting, he knows what he’s talking about: he’s a professor of quantum 
physics at Imperial College London, and, if you really want to dig into his credentials, also 
Erwin Schrödinger’s grandson.

FOR YEARS, QUANTUM COMPUTING has mostly relied on two technologies—supercon-
ductor circuits and trapped ions—to create qubits, the all-important units of quantum 
information. 

The superconducting qubit is under development by industry heavyweights including 
IBM, Google, and Canada-based D-Wave. Typically based on a Josephson junction, this 
qubit consists of a pair of superconducting metal strips separated by a nanometer-wide 
gap that electrons transit, leading to quantum effects. Qubits can be coupled together and 
manipulated with microwave pulses to generate superposition and entanglement, the fragile 
quantum states that enable computation.

Meanwhile, Honeywell, IonQ, and other companies are pursuing the trapped-ion 
approach, which uses ionized atoms to carry quantum information. The ions are housed 
within specialized chips, or ion traps, that feature lithographically written electrodes to 
generate electromagnetic fields. These forces precisely hold each ion in place, ready for 
manipulation with microwave signals or lasers to create quantum states.

But, for each setup to function, it must be isolated from environmental noise to reduce 
errors and delay decoherence, in which the qubit quantum state collapses and information 
is lost. Given this, superconducting quantum computers are housed in dilution refrigerators 
that cool the qubits to near absolute zero, while trapped ion setups are laser-cooled and 
placed in ultra-high-vacuum chambers.

In addition to isolation, IBM hardware scientist Nick Bronn explains that “filter” qubits can 
be used to reduce noise, while researchers also employ software, including error-correction 
schemes, to further delay decoherence. “Our superconducting qubits are very, very fast, but 
do have slightly shorter coherence times as opposed to some other architectures,” Jungsang 
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Kim, professor of electrical and computer engineering at Duke University, and 
co-founder and chief technology officer of trapped ion quantum computing 
startup IonQ, echoes Bronn’s sentiments. “Isolation in both trapped ion and 
superconducting qubit systems is not perfect, so you get cross-talk between 
qubits, which can affect computation,” he says. “However, we use an array of 
high-power lasers to manipulate the gates that control the qubits’ state, and are 
working hard to ensure these gates become more perfect,” he adds.

The hard work is paying off. Around two decades ago, IBM’s first supercon-
ducting qubit retained coherence for around a nanosecond; today it reaches 
a few hundred microseconds. Meanwhile, IonQ’s trapped ion qubit coherence 
time is typically a few seconds, and researchers have extended this to minutes 
in a recent experiment.

However, while these short bursts of quantum lucidity allow initial calcula-
tions, the one million qubit “fault-tolerant” computer—that will essentially avoid 

a cascade of errors—still feels a long 
way off. Unless, perhaps, your quantum 
currency is photons.

According to PsiQuantum’s Rudolph, 
the photonic qubit is pretty stable. “The 
only noise in our photonic approach 
arises from imperfect components, 
and this can be well characterized,”  
he says. “Also, our photons don’t inter-
act, so we don’t get crosstalk or other 

IBM hardware scientist  
Nick Bronn working  
with a superconducting  
quantum computer 
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difficult-to-understand error propaga-
tion, which means the basic methods 
of tackling noise using error-correcting 
codes work.”

The company has focused on building a 
fault-tolerant architecture via error cor-
rection. “It is not an added-on feature,” he 
says, “but an intrinsic part of our design.”

But what will PsiQuantum’s quantum 
computer look like? Despite growing 
from a handful of researchers to a tech-
nical team of more than 100 members in 
its short lifetime, little is known about 
the company and its technology. Indeed, 
community cohorts have described Psi-
Quantum as “quiet” and “stealthy.” As 
Nicolas Menicucci, associate professor 
at the Centre for Quantum Computa-
tion and Communication Technology, 
RMIT University, Australia—who is also 
developing photon-based quantum com-
puting—puts it, “I’m being serious when 
I say PsiQuantum is mysterious—the 
company keeps a lot of what it’s doing 
under wraps.”

Still, the company has publicly stated 
that its systems are based on silicon 
photonic chips manufactured by US 
semiconductor foundry GlobalFound-
ries, offering a relatively straightforward 
path to large-scale manufacturing.

“To economically and reliably produce 
large volumes of components, you need to 
be in a Tier 1 semiconductor fab,” asserts 
Rudolph. “These suppliers produce bil-
lions of transistors for laptops and cell 
phones—so millions of qubits is easily 
achievable for them.”

The qubits are encoded using single 
photons that travel along silicon photonic 
waveguides and are then entangled using 
networks of optical components. While 
Rudolph will not be drawn on qubit 
numbers, he is willing to say, “We can 
build a large distributed entangled state 
of many photonic qubits, with a very 
specific structure. By measuring these 
qubits using single-photon detectors, we 
can implement any gate sequence and 
then run a quantum algorithm.”

BUT THERE IS MORE THAN ONE 
WAY to light up quantum computing. 
Instead of entangling individual pho-

tons to perform calculations, entire light beams can be entangled to create a  
“continuous-variable cluster state” over which computations can take place.

RMIT’s Menicucci is working with light in this way. As he points out, using 
continuous variables for quantum computing—instead of qubits made of single 
photons—may seem unorthodox, but has its perks.

Like a single-photon-based setup, continuous-variable cluster states are 
optically prepared, and can be made at room temperature. However, according 
to Menicucci, these states are easier to produce at scale than the single-photon 
approach, with the potential to process a lot of information and to nudge the 
technology closer to fault-tolerant quantum computing. “We’re starting with 
extreme scalability built in from the very beginning,” he says.

Menicucci has devoted more than a decade to developing continuous- 
variable cluster states, and saw his designs become reality just last year.  
Working with Akira Furusawa and a team of experimentalists from the  
University of Tokyo, as well as fellow researchers from University of New 
Mexico and University of New South Wales, Canberra, Menicucci produced  
a large-scale cluster state with the necessary entanglement structure for 
quantum computing.

In this experiment, violet laser light was directed onto four optical parametric 
oscillators to produce infrared “squeezed” states in each of four beams. These 
squeezed states were then woven together by a network of beamsplitters and 
optical delay lines into the final entangled continuous-variable cluster state. 
According to Menicucci, the amount of squeezing was too low for practical 
application, although homodyne detection verified that the state had been 
entangled sufficiently for quantum computation. 

Menicucci also believes that achieving quantum entanglement in cluster states 
is relatively straightforward compared to the single-photon qubit approach. 
While PsiQuantum’s Rudolph asserts that any entanglement issues in photonic 
qubits can be overcome by using robust error correction, Menicucci reckons the 
challenge for PsiQuantum is getting the photons entangled in the first place.

“All optical approaches have advantages compared to other setups,” he says. 
“But you can’t deterministically create entanglement between single photons 
without a lot of extra machinery. You try to create entanglement between pho-
tons by sending them through an entangling gate. Sometimes the gate works, 
and sometimes it doesn’t,” he adds. “Using continuous variables instead of single 
photons avoids this problem. In our case, the entangling gate always works.”

Nonetheless, research continues. According to Menicucci, “Even our entan-
glement is never perfect, and there’s always some noisiness and decoherence 
in the computation.”

Indeed, he and colleagues are tackling these issues by reducing optical losses, 
improving the level of squeezing, and designing new codes for quantum error 

WHILE THESE 

 SHORT BURSTS OF 
QUANTUM  LUCIDITY 

            ALLOW INITIAL CALCUL ATIONS , 

the one mi l l ion qubi t  “ fau l t - to lerant ”  computer

     st i l l  fee ls  a  long way of f . 

UNLESS YOUR QUANTUM CURRENCY

       IS PHOTONS. 



correction. And excitingly, Canada-based startup Xanadu is following a similar 
path to photonic quantum computing.

Xanadu’s chief executive Christian Weedbrook, who has collaborated with  
Menicucci in the past, agrees that optical losses and squeezing levels need some 
work. But as he highlights, “We are working with foundries to produce better-quality,  
lower-loss chips, and also use techniques such as error mitigation and suppres-
sion to combat loss further.”

“Squeezing light is a challenge, but there are no fundamental issues to achiev-
ing higher levels. We’ve been increasing [squeezing] levels over the last couple 
of years,” he adds.

Top: In the lab at PsiQuantum

Bottom: PsiQuantum’s silicon 
photonic chips on a wafer (left); 
fabricating a silicon photonic 
chip, the building block of 
what PsiQuantum hopes will be 
the world’s first useful silicon 
photonic quantum computer 
(right)
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Xanadu, formed four years ago and having already received around $45 mil-
lion in investments, now expects to begin raising more funds early next year to 
scale activities. In a similar vein to PsiQuantum’s technology, Xanadu develops 
photonic quantum chips based on nanophotonic silicon nitride waveguides, 
fabricated using standard semiconductor lithography methods. And according 
to Weedbrook, dealing with photonics also means Xanadu is well on the way to 
room temperature quantum computation. All of the company’s current hard-
ware operates at room temperature, except for the photon-counting detectors 
that read out the quantum states of the entangled light.

“We’ll eventually have the entire computer operating at room temperature, 
and can do this in a variety of ways including [experimenting] with different 
detectors…which we are working towards over the coming years,” he says.

The company has already introduced its X8 chip platform, containing eight 
squeezed quantum states, and intends to release X12 and X24 by the end of 
the year. All will be accessible over the Xanadu cloud.

“We’ve just launched the world’s first photonic quantum cloud platform, and 
already have customers paying for cloud time,” says Weedbrook. “One of the 
biggest thrills is having quantum physicists and engineers just wanting to play 
around with a real quantum chip and have fun.”

Indeed, industry players including IBM, D-Wave, Netherlands-based Qutech, 
and Rigetti offer cloud services, while IonQ and other companies have joined 
forces with the likes of Microsoft and Amazon to make their technology avail-
able in the cloud. These services are typically being used to teach quantum 
mechanics, test simple algorithms, and create quantum games—but expect 
more soon.

IonQ’s Kim says, “The quantum cloud is so important as it provides quan-
tum computing access to a large number of people…this will stimulate people  
to think about how to use quantum computing in ways that conventional 
thinkers won’t.”

And Weedbrook agrees. “We’re building an ecosystem of early adopters here 
that will really help to speed us towards quantum advantage and supremacy.”

But this is where established quantum technologies have the upper hand, 
at least for now.

IN SEPTEMBER LAST YEAR, more than 75 researchers led by Google published 
a Nature paper detailing how they had achieved quantum supremacy using 
their 53-qubit superconducting processor “Sycamore.” Quantum supremacy 
entails solving a problem that cannot realistically be solved by a traditional 
computer. And in this case, Sycamore had solved a random number problem 
in 200 seconds that the researchers claimed would take IBM’s Summit super-
computer 10,000 years to complete.

IBM swiftly countered these results by calculating the problem would actually 
take three days using Summit. And in the weeks that followed, many research-
ers also highlighted how the random number problem was of little practical 
interest and biased towards quantum computing.

Still, as Weedbrook says, “We will look back and say this was a fundamental 

moment in quantum computing. Yes, 
Google did achieve quantum supremacy 
with an artificial mathematical problem 
that has no real business application. 
But this doesn’t undermine how great an 
experiment this was.”

For his part, Bronn says IBM is focus-
ing on quantum advantage rather than 
quantum supremacy. “This involves 
building a quantum computer that can 
solve a real-world problem, as this is what 
will provide business results,” he says.

What’s more, he believes quantum 
advantage will be achieved with so-called 
noisy intermediate-scale quantum com-
puters relatively soon. These systems 
from IBM, D-Wave and others, are seen 
as a halfway house towards aspirational 
fault-tolerant computing—they accumu-
late errors over time due to imperfect 
qubit control, but can generate accurate 
answers for shorter calculations.

“This is where many researchers are 
working, and we have several financial 
applications coming out of our research 
in Zurich,” says Bronn. “We’re hoping 
that within a decade we have an appli-
cation in which a quantum computer is 
superior to a classical computer.”

And of course, the quantum advan-
tage/supremacy chase continues amongst 
all technologies. Kim reckons his flavor 
of trapped-ion quantum computing 
will reach this milestone in a few years, 
while Weedbrook is looking at a similar 
timeframe with Xanadu’s photonic chip 
platforms. 

But where does this leave PsiQuantum 
and its million-qubit ambition? The 
world can only wait. As Rudolph puts 
it, quantum computer developers have 
historically had a choice—build a large 
fault-tolerant computer to tackle real-
world problems, or settle on a smaller 
noisy quantum computer, and “hope” to 
find something useful for it to do.

“The former choice is the harder choice 
that requires engineering a solution 
that can scale to more than one million 
qubits,” he says. “Our architecture has 
focused on this fault tolerance approach 
from the start.”

REBECCA POOL is a science and 
technology writer based in Lincoln, 
United Kingdom.
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ONE OF THE BIGGEST THRILLS IS HAVING

QUANTUM PHYSICISTS AND ENGINEERS
   JUST WANTING TO PLAY AROUND WITH

A REAL QUANTUM CHIP
          AND HAVE FUN. ”

“

–Christian Weedbrook



PHOTONICS FOCUS NOVEMBER/DECEMBER 202030



PHOTONICS FOCUS NOVEMBER/DECEMBER 2020 31

What, 
exactly,
is a photon?
With new experiments and technologies, 
physicists have shown they can control 
individual photons with unprecedented 
precision. But the enigmatic elementary 
particle still hides its true colors.

By Sophia Chen
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THE PHOTON MIGHT BE THE MOST FAMILIAR OF ELEMENTARY PARTICLES. Traveling at the 
speed of light, the particles bombard us daily from the sun, moon, and stars. For more than a 
century, scientists and engineers have harnessed them in aggregate to illuminate our cities and 
now, our screens. 

Researchers today can control photons with more finesse than ever before. At the National 
Institute of Standards and Technology (NIST) in Maryland, physicist Paulina Kuo creates  
and manipulates photons individually. By illuminating custom-designed crystals with laser 
light in her lab, Kuo produces twin photons, which she can further separate into single  
photons. Directing them toward certain materials, which absorb the particle to produce  
photons of different colors, she can effectively change the color of a photon while preserving  
the information encoded in it. 

For example, she designed a crystal to double the frequency of an input photon, enabling con-
version between red and infrared light. “You can fuse two photons together, or split one photon 
into two,” she says. “Or even higher order processes. You can fuse three photons into one, or split 
one photon into three.” Complementing these techniques, she uses state-of-the-art single-photon 
detectors, made of superconducting wires that become nonsuperconducting when they absorb 
a single photon. These types of detectors deliver highly accurate counts, detecting photons with 
up to 99 percent efficiency. 

This single-photon technology will form the backbone of a future quantum internet, a proposed 
global network of devices for transmitting data encoded in single photons and other quantum 
particles. This data would be represented in a particle’s quantum properties, such as a photon’s 
polarization. Unlike classical data, which can only be represented as 0 or 1, so-called quantum 
information takes on values that are weighted combinations of 0 and 1, which enables new, poten-
tially more powerful computational algorithms and new encryption protocols. 
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Engineering challenges abound for the quantum 
internet, such as problems with signal loss, says Kuo. 
But researchers—and their governments—have laid 
ambitious plans. In 2016, the European Union began 
a 1-billion euro quantum technologies initiative. This 
August, the US established five quantum research 
centers for accelerating quantum technology develop-
ment with up to $625 million promised over the next 
five years. Physicist Pan Jian-Wei, who spearheaded 
the 2016 launch of a $100 million Chinese quantum 
technology satellite and its subsequent projects, has 
described a goal of building a global quantum internet 
by 2030. 

Many experts have dubbed the current era of 
single-photon technology as the “second quantum 
revolution,” a paradigm shift where scientists not 
only understand the counterintuitive principles of 
quantum mechanics—entanglement, superposition, 
and wave-particle duality—but can exploit them in 
technologies. The photon is no longer merely an object 
of study, but a tool. 

So what, then, is a photon? Kuo gives a circu-
lar response. “A photon is the click registered by a  
single-photon resolving detector,” she says.

Vaguer words than Kuo’s have been used to describe 
the photon. It’s a wave and a particle of light, or it’s a 
quantization of the electromagnetic field. Or, “Shut up 
and calculate,” a phrase familiar to anyone who has 
puzzled over quantum mechanics.

“You can get into trouble if you give the photon too 
much reality,” says physicist Alan Migdall of NIST. 

prehend the profundity of his idea. He later described 
his breakthrough as “an act of desperation”—an unsub-
stantiated trick to make the math work out.

Albert Einstein, too, resisted implications of the 
photon theory that he helped to develop. He was par-
ticularly bothered by entanglement, the idea that two 
particles can have intertwined fates, even when they 
are separated far apart from each other. The theory 
implied, for example, that if you measured the polar-
ization of one photon in an entangled pair, you would 
instantly also know the polarization of the other, even 
if the two particles have been separated to opposite 
ends of the solar system. Entanglement suggested that 
objects can influence each other from arbitrarily far 
away, known as nonlocality, which Einstein derided 
as “spooky action at a distance.” Preferring a reality 
where objects must be in proximity to exert influence 
on each other, he believed that quantum mechanics 
theory was incomplete. “It certainly gave Einstein 
indigestion,” says Migdall.

FOR DECADES, ARGUMENTS OVER THE PHOTON 
were largely relegated to the realm of thought exper-
iments, as it was technologically impossible to test 
these ideas. Recently, the debate has trickled into the 
physics community more broadly, as single-photon 
sources and detectors become better and more widely 
accessible, according to Steinberg. “We can do these 
experiments instead of just imagining them, like 
Schrödinger’s cat,” he says.

For example, physicists have all but confirmed the 
existence of entanglement. Decades of experiments, 
known as tests of Bell’s inequality, now strongly indi-
cate that Einstein was wrong—and that our universe 
is nonlocal. 

These tests are based on an experimental framework 
devised by the UK physicist John Stewart Bell in 1964. 
In theoretical work, Bell showed that if you repeat 
measurements on purportedly entangled particles, 
the statistics could reveal whether the photons truly 
influence each other nonlocally, or if an unknown 
mechanism—known generically as a “local hidden 
variable”—creates the illusion of action at a distance. 
In practice, the tests have largely involved splitting up 
pairs of entangled photons along two different paths to 
measure their polarizations at two different detectors. 

YOU CAN GET INTO TROUBLE
  IF YOU GIVE THE 

PHOTON
    TOO MUCH REALITY.

–Alan Migdall”
“

“People have been arguing about it for 100 plus years,” 
says physicist Aephraim Steinberg of the University 
of Toronto. “I don’t think we’ve come to a consensus.”

Physicists began arguing about the photon as soon 
as they discovered it. The very scientists who conceived 
of the particles were skeptical that they fundamentally 
existed in nature. To explain otherwise confounding 
experimental data regarding the relationship of an 
object’s temperature to its emitted radiation, in 1900 
the German physicist Max Planck proposed that 
radiation comes in discrete quantities, or quanta. The 
concept of the photon was born. But Planck didn’t com-
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Physicists have been performing Bell tests since 
the 1970s, with all published experiments indicating 
photons can spookily act from a distance, as physicist 
David Kaiser of the Massachusetts Institute of Tech-
nology explains. However, despite unanimous results, 
these early experiments were inconclusive: Technology 
shortfalls meant their experiments suffered from three 
potential design limitations, or loopholes. 

The first loophole, known as the locality loophole, 
arises from the two polarization detectors being too 
close together. Theoretically, it was possible that one 
detector could have relayed a signal to the other detec-
tor right before the entangled photons are emitted, 
influencing the outcome of the measurement locally. 

The second loophole, called the fair sampling 
loophole, resulted from poor-quality single-photon 
detectors. Experts argued that the detectors could 
have caught a biased subset of the photons, skew-
ing the statistics. The desire to close this loophole, 
says Migdall, has driven the development of better  
single-photon detectors, the same now used routinely 
in quantum technologies.

The third loophole, the freedom-of-choice loophole, 
is related to the settings of the polarization detector. 
To get truly unbiased statistics on a large number of 
polarization measurements, the orientation of the 
polarization detector must be randomly reset for each 
measurement. It is difficult to guarantee randomness, 
with researchers painstakingly resetting the detectors 
by hand in early experiments. 

Recent experiments have closed all three loopholes, 
albeit not simultaneously in one test, according to  
Kaiser. In 2015, a team led by physicist Ronald Han-
son at the Delft University of  Technology performed a  
Bell test that closed the fair sampling and locality loop-
holes for the first time, albeit using entangled electrons 
rather than photons. 

Publishing in 2018, a team of scientists at the Insti-
tute of Photonics Sciences in Spain charged 100,000 
volunteers to play a video game to generate random 
numbers, which the scientists used to set their Bell test 
detectors to constrain the freedom-of-choice loophole. 

Kaiser worked on another experiment published 
in 2018, dubbed the “Cosmic Bell Test,” which closed 
the locality loophole and tightly constrained the  
freedom-of-choice loophole by setting their polar-
ization detector orientation using a random number 
generator based on the frequency of light emitted from 
two stars 600 and 1,900 light years away, respectively. 

The results strongly support the nonlocality of 
entanglement. “The indigestion that Einstein had 
with quantum mechanics—if he were around today, 
you would tell him that he would just have to deal with 
it,” says Migdall.

PHYSICIST ALEXANDRA LANDSMAN of The Ohio 
State University describes the photon as “a quan-
tum of energy,” which aligns closely with physicists’ 
original conceptions of the particle. In a 1905 paper, 
Einstein described light as discrete packets of energy 
proportional to its frequency to explain the so-called 
photoelectric effect. Scientists had observed that mate-
rials absorb light to eject electrons, but only when the 
frequency of the light is shorter than some threshold 
value. Einstein’s explanation, for which he was awarded 
the Nobel Prize in 1921, helped to kickstart the devel-
opment of quantum theory.

New laser technology has enabled researchers to 
revisit the photoelectric effect in more detail. Atto-
second lasers, invented in 2001, deliver pulses of light 
less than a quadrillionth of a second long that allow 
physicists to observe quantum-scale action like a cam-
era with record shutter speed. In particular, physicists 
are using ultrafast lasers to time the photoelectric 
effect: once a photon impinges upon an atom or mole-
cule, how long does it take the electron to be ejected? 
“People in the past assumed that this process happens 
instantaneously,” says Landsman. “There was no way 
to address this question experimentally.” 

In 2010, a team led by physicist Ferenc Krausz, 
then at Vienna University of Technology, performed 
an experiment showing that electron ejection from 
an atom takes time. While they didn’t measure the 
absolute time, they could discern that it took about 20 
attoseconds longer for an electron to leave from the 2p 
orbital versus the 2s orbital of a neon atom. Subsequent 
experiments by other groups have timed the electron 
emission in molecules such as water and nitrous oxide.

”

“THE INDIGESTION THAT EINSTEIN HAD WITH 

QUANTUM
MECHANICS—

IF HE WERE AROUND TODAY, 
YOU WOU LD TE LL H IM THAT HE 

WOU LD J UST HAVE TO DE AL WITH IT. 

–Alan Migdall
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Landsman, a theorist, is working to understand why 
electrons leave certain molecules faster than others. 
Some molecules, for example, confine the electron to 
a space such that the electron forms a standing wave. 
This condition, known as shape resonance, temporarily 
traps the electron, slowing down its escape. Ultimately, 
Landsman wants to elucidate all the factors that delay 
atoms and molecules from releasing the electron to 
zero in on how long the photon and electron encounter 
each other. “These experiments give us more insight as 
to how a photon interacts with an electron,” she says.

ZLATKO MINEV, HOWEVER, DOES NOT THINK that 
a photon is a quantum of energy. Minev, a physicist at 
IBM, researches how to build a quantum computer. In 
this new technological context, he says, photons seem 
to manifest differently.

Minev runs experiments on circuits made of super-
conducting wires that can be used as qubits, which are 
building blocks of quantum computers. These circuits 
are designed to absorb a single photon of a specified 
energy, where the absorption of a photon can represent 
the 1 state in a quantum computer. Once the qubit 
absorbs one photon, its response changes, so that it 
will no longer absorb photons of that energy. 

The conventional idea of a photon as a “quantum of 
energy” doesn’t fit these circuits, says Minev, who refers 
to the systems as quantum nonlinear oscillators. “You 
could ask, what does it mean to have two photons in 
my oscillator? Is it two units of energy?” he says. “In 
this case, it’s not, because each extra photon in the 
oscillator actually has a different amount of energy. 
The energy doesn’t define the photon in this case.”

So how does he describe the photon? “I’m not sure I 
can give you a one-sentence answer,” says Minev. “I’m 
currently reevaluating my own understanding.” Cur-
rently, he thinks the photon is a “quantum of action,” 
where “action” refers to an abstract quantity describing 
the allowed behavior of his system.

As physicists reevaluate the basics, these new experi-
ments illuminate the connection between fundamental 
science and applications. Kuo’s quantum internet tech-
nology shares ancestry with the hardware used in Bell 
tests of entanglement. Minev’s studies of his nonlinear 
oscillator help him develop methods to correct errors 
in quantum computers. Landsman’s research on the 
photoelectric effect in molecules can reveal clues about 
its electronic properties, which could eventually provide 
scientists a new avenue for designing materials with 
desired specifications. Migdall says that researchers 
use Bell tests to verify randomness in new models 
of random number generators that exploit entangled 
particles. 

Still, the true nature of the photon eludes physicists. 
“All the fifty years of conscious brooding have brought 
me no closer to the answer to the question: What are 
light quanta?” Einstein wrote in a 1951 letter. “Of course 
today every rascal thinks he knows the answer, but he 
is deluding himself.” 

He may have been wrong about entanglement, but 
seven more decades of collective brooding later, the 
sentiment still holds.

”

“WHAT ARE

LIGHT QUANTA? 
OF COU RSE TODAY EVE RY 

R ASCAL THINKS HE KNOWS 

THE ANSWER, BUT HE IS DELUDING HIMSELF. 
–Albert Einstein

SOPHIA CHEN contributes 
to WIRED, Science, and 
Physics Girl. She is a 
freelance writer based in 
Columbus, Ohio.
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ARE YOU HIRING?
Photonics Focus readers include students  

who are excited to start a new career,  
mid-career experts looking for a new challenge, 

and senior-level execs.
They have the skills you’re looking for.

POST YOUR JOB IN PHOTONICS FOCUS.

Contact Lacey Barnett
Lacey.Barnett@spie.org

+1 360 685 5551

The School of Engineering (STI) of EPFL and the Paul Scherrer Institute (PSI) 
invite applications for a tenured full or associate professor at EPFL who will 
also be Head of the Nanophotonics Laboratory of PSI. The holder of this joint 
EPFL/PSI position will lead the exploitation of nanotechnology for the use of 
short wavelength (UV to hard X-ray) light and the exploitation of short wave-
length light for nanotechnology. 

Applications are encouraged from leaders in photonics with particular 
achievements in nano- and micro-fabricated optical devices for the shaping, 
direction and detection of photon beams, and strong interest in providing 
such devices for the world-class accelerator-based short wavelength photon 
sources SwissFEL and SLS at PSI. As a faculty member of the EPFL School 
of Engineering and head at the PSI Micro- and Nano-technology Laboratory 
(LMN), the successful candidate will be expected to initiate an independent 
and creative research program with laboratories located at PSI and doctor-
al students from EPFL as well as participate in undergraduate and graduate 
teaching. The successful candidate will also be responsible for the manage-
ment of LMN with 60-80 people and substantial nano- and microfabrication 
facilities dedicated to the creation of photonics components. She/he will play 
a key role in strengthening collaboration between PSI and EPFL and also with 
established industries and startups.

EPFL with its main campus located in Lausanne, and PSI located near Zürich, 
are dynamic and well-funded institutions of the Swiss ETH Domain that foster 
excellence and diversity. The successful candidate’s main research activities 
will be undertaken at PSI while teaching and other academic activities will be 
performed at EPFL. The pairing of a technical university covering essentially 
the entire palette of engineering and science and a national laboratory with 
unique large-scale facilities for provision of brilliant photon beams offers a 
fertile environment for high-impact experiments and cooperation between 
different disciplines. EPFL and PSI are multi-lingual and multi-cultural insti-
tutions, with English often serving as a common interface.

Applications should include a cover letter with a statement of motivation, 
curriculum vitae, list of publications and patents, and concise statements of 
research and teaching interests. Applicants should also provide the names 
and addresses of at least five referees. Applications must be uploaded in PDF 
format to the recruitment web site:

https://facultyrecruiting.epfl.ch/position/23691272

Formal evaluation of candidates will begin on 15 November 2020 and contin-
ue until the position is filled.

Enquiries may be addressed to: 
Prof. Demetri Psaltis 
Search Committee Chair 
E-mail : photonics-search@epfl.ch

For additional information on EPFL and PSI, please consult the web sites: epfl.
ch, sti.epfl.ch, psi.ch and psi.ch/syn

EPFL and PSI are equal opportunity employers and family friendly institutions. 
They are committed to increasing the diversity of their faculty and staff. They 
strongly encourage women to apply.

and

at the Ecole polytechnique fédérale de Lausanne (EPFL)

Professor in Photonics

Paul Scherrer Institute (PSI)

Head of Nanophotonics Laboratory
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LUMINARIES

“HIS WAS BY NATURE A CONSERVATIVE MIND,” inherently 
suspicious of speculation, wrote Max Born in a 1947 obituary 
for theoretical physicist Max Karl Ernst Ludwig Planck. 

Born 23 April 1858 in the German city of Kiel, Planck was 
the sixth child in a traditional intellectual family of profes-
sors of theology and law. Planck systematically analyzed 
subjects, mastering his interests rather than jumping to 
conclusions. He believed that the power of logical reasoning 
could discover the true nature of physics, and he wanted to 
do the right thing with his knowledge. 

As a student, Planck had broad interests, but physics won 
out during an era when classical physics was still matur-
ing. Electromagnetism and thermodynamics were young, 
and doubts remained about atomic theory. Planck chose 
thermodynamics for his doctoral dissertation, and came to 
hope that it could help tie together the disparate threads of 
physics. He saw the second law of thermodynamics, regard-
ing entropy, as central. 

In 1889, the University of Berlin hired Planck as a pro-
fessor of theoretical physics to succeed Gustav Kirchhoff. 
By the late 1890s, Planck was a full professor, author of a 
textbook on thermodynamics, and considered the world’s 
premier expert in the field. Still focused on the second law, he 
wanted to prove that the irreversibility of thermodynamics 
that drives increasing entropy does not depend explicitly 
on atomic theory. This line of questioning was not in the 
mainstream of physics, but Planck thought it could help in 
unifying chemistry and physics. 

Kirchhoff had argued in 1859 that the blackbody spectrum 
was a fundamental aspect of physics, and Planck hoped 
that deriving a formula to relate the blackbody spectrum 
of a body to its temperature could give new insight into the 
process. He was encouraged in 1896 when his friend and 
collaborator, Wilhelm Wien of the Physikalisch-Technische 
Reichsanstalt in Berlin, developed an empirical formula 
describing blackbody emission across the spectrum as a 
function of temperature. 

LUMINARIES

As a theorist, Planck wanted to derive the blackbody law 
rigorously. It took him three years to derive a formula for the 
entropy of ideal dipole oscillators that were not specific atoms 
or molecules that seemed to validate Wein’s empirical law. 
However, new measurements of low-frequency emission failed 
to match calculations using Planck’s formula.

In October 1900, Planck went back and tried again, but was 
unsatisfied with the results. After a month, determined to find 
a better formula, he tried on an idea of Ludwig Boltzmann’s 
that he did not really like: that entropy was a probabilistic 
phenomenon rather than deterministic. That gave Planck a new 
way to calculate the distribution of energy among oscillators, by 
assuming the energy was “made up of a completely determinate 
number of finite equal parts,” with each of the parts he called 
quanta having a constant value he calculated at h=6.55×10–27 
(erg-sec). Multiplying h by the light frequency gave the energy. 
With that assumption, he derived a formula to calculate the 
blackbody spectrum as a function of temperature. 

The Blackbody 
Spectrum and the 
Birth of Quantum
The cautious Max Planck was an unlikely 
revolutionary. Nonetheless, his hypothesis 
of “quanta” made him a luminary who 
launched the quantum revolution in 
physics.

From left to right: W. Nernst, A. Einstein,  
M. Planck, R.A. Millikan, and M. von Laue at a 

dinner given by von Laue in Berlin, 1931


At the time, Planck and most other physicists thought his big 
achievement was solving the troublesome blackbody problem. 
After publishing two papers, Planck moved onto other things, 
leaving quanta buried in the details. It would take another 
troublesome problem and a more daring physicist to put quanta 
in the spotlight.

Late 19th century experiments revealed that shining light 
on certain metals caused them to emit light. Electromagnetic 
theory predicted that the photoelectric effect came from light 
waves delivering energy gradually until the electron absorbed 
enough to escape from the atom. Yet experiments by Philipp 
Lenard found that electrons only escaped when the light 
waves had frequencies higher than a certain level, no matter 
how long the metal was illuminated. Doubling the intensity 
at lower frequencies did nothing, but increasing the frequency 
could start emission. Something seemed wrong with electro-
magnetic theory. 

When Albert Einstein analyzed the photoelectric effect, 
he found that quanta were not limited to thermal radiation. 
Electromagnetic radiation in general delivered energy in 
discrete quanta. That explained the electromagnetic effect, 

WHEN YOU CHANGE

THE WAY YOU LOOK AT THINGS,
THE THINGS YOU LOOK AT CHANGE.

–Max Planck

“
”
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LUMINARIES

 Photo Credit: Nationaal Archief, Den Haag.

Stokes’ fluorescence, and other previously puzzling 
observations. Where Planck had viewed quanta as 
a conceptual tool in his calculations, Einstein saw 
them as wave packets of energy—what would later 
become known as “photons.”

Einstein published his quantum paper in 1905, 
the same year as his famous papers on special rel-
ativity and Brownian motion. His concept of light 
quanta stimulated research. Two years later Ein-
stein stimulated more interest by applying quantum 
theory to the vibrations of atoms and molecules.

Initially, Planck was more interested in Einstein’s 
theory of relativity than in his interpretation of the 
photoelectric effect. Planck accepted the paradoxes 
of relativity, and his support helped Einstein and the 
theory gain wider acceptance. (Einstein’s admira-
tion for Planck, on the other hand, took some time to 
develop.) Yet Planck remained uneasy about apply-
ing quantum theory broadly to electromagnetism. 

The f irst Solvay conference in 1911 brought 
together 21 of the world’s leading physicists to dis-
cuss quantum theory. Planck found the conference 
exhausting, and remained hesitant to embrace 
quantum wholeheartedly. Yet he was excited and 

gratified by the attention given to his idea, and how it 
interested new people, most prominently Niels Bohr, who 
applied quantum theory to atomic structure. 

The physics establishment as a whole was slow to 
accept quantum theory. The 1911 Nobel Prize in Physics 
went to Wilhelm Wein for his blackbody studies. Only 
in 1918 did Planck receive the Nobel for “his discovery 
of energy quanta.” Einstein followed in 1921 for his work 
on the photoelectric effect. In 1922, the Nobel went to 
Bohr for his quantum work. 

Planck continued to work on quantum theory, but 
Bohr, 27 years younger, became the central figure. Nei-
ther Planck nor Einstein ever fully accepted the Copen-
hagen interpretation of quantum mechanics built on 
Bohr’s work. Einstein drew the line at the idea of quan-
tum entanglement, and Planck kept trying to bridge the 
gap between quantum and classical mechanics. We may 
never understand all the weirdness of quantum mechan-
ics, but as Planck predicted in 1911, “The hypothesis of 
quanta will never vanish from the world.”

JEFF HECHT is an SPIE Member and freelancer who 
writes about science and technology. 



LETTER FROM THE PRESIDENT

SPIE•PROUD2020 
THIS IS MY FINAL PHOTONICS FOCUS PRESIDENTIAL LETTER TO YOU. It has been 
an honor and pleasure to serve as SPIE President. This has not been the year that 
I had expected, but this has not been the year that any of us expected. I have heard 
2020 described as a year of disappointment, but it has also been a year of tragedy 
for some of you—you have our deepest condolences. It has also been a year of crisis 
for organizations and businesses. However, when I look back on this year for SPIE, 
a single word comes to mind—“proud.”

I am incredibly proud of our SPIE staff for the quick pivot from in-person meetings 
to digital forums. While this work has gotten most of the attention, I am equally 
proud of our SPIE staff who kept the other Society activities going—publications, 
communications, education, community outreach, awards, etc.—all while working 
remotely.

I am proud of our Society, because as a service to our community, we offered the 
SPIE digital forums free of charge for both authors and attendees. This enabled 
numerous first-time SPIE attendees to participate.

I am proud of all of the authors and presenters who went through the extra effort 
of recording and uploading their work to provide the content for the SPIE digital 
forums.

I am proud of our exhibitors who participated in the virtual exhibitions associated 
with the SPIE digital forums and provided content and product demonstrations. 

I am proud of all of the attendees and participants in the SPIE digital forums. 
More people registered for the digital forums than would have attended in person.

I am proud of our volunteers—our conference chairs and committees that migrated 
their programs into digital forums; our journal editors and reviewers who kept 
valuable scholarly information flowing; and our leadership committee members, 
who kept the important work of the Society on track.

I am proud of our SPIE award winners who could not receive their awards at the 
annual awards banquet, but recorded their acceptance speeches for the SPIE Virtual 
Awards Banquet. You really should see them! (spie.org/2020AwardCeremony)

I am proud of the entire optics and photonics community for moving forward 
and remaining a community during this unprecedented year. We did not and will 
not allow COVID-19 to stop us. The desire to get back to in-person meetings and 
events grows stronger every day.

On 1 January 2021, David Andrews from the University of East Anglia will become 
SPIE President, and my presidential year will end. It will be my time to step down, 
and I will step down—proud!

Thank you for this honor,

JOHN E. GREIVENKAMP  

2020 SPIE PRESIDENT
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SPIE
Deadlines and Events

November
 10: Abstracts due for SPIE Optics + 

Optoelectronics 2021

 9-13: SPIE Future Sensing Technologies  
Digital Forum

 13: Applications due for 2021 SPIE Equity, 
Diversity, and Inclusion Activity Grants

 16: Journal of Biomedical Optics Hot Topics 
in Biomedical Optics Webinar Series: 
Time-Resolved Molecular Imaging and 
Sensing of Tissue

 20: Finalists announced for 2021 Prism Awards

 24:  Henri Poincaré Optical Polarization 
and Related Phenomena Webinar: The 
Answer to the Ultimate Question of 
Life, the Universe, and Everything is… 
Polarized! 

 30: Applications due for the 2021 SPIE 
Startup Challenge

December
 1: Applications due for 2021 SPIE 

International Day of Light Micro Grants

 1-2: Applied Optics and Photonics China 
(AOPC 2020), Beijing, China 

 14-18: SPIE Astronomical Telescopes + 
Instrumentation Digital Forum

 21: Journal of Biomedical Optics Hot Topics 
in Biomedical Optics Webinar Series: 
Optical Tissue Phantoms: Design  
and Uses

January 2021
 6: Abstracts due for SPIE Digital Optical 

Technologies 

 6: Abstracts due for SPIE Optical Metrology

 14:  Abstracts due for SPIE Structured Light

 20: Abstracts due for SPIE Optics + Photonics

 25-28: SPIE Photonics West Preview  
(online event)

 26:  Henri Poincaré Optical Polarization and 
Related Phenomena Webinar: Poincaré 
and His Sphere(s) 

February 2021
 9-10:  Mirror Technology SBIR/STTR Workshop 

in Huntsville, Alabama, USA

 14: SPIE Photonics West early registration 
deadline

 14-18: SPIE Medical Imaging, Houston, Texas, USA

 15:  Applications due for SPIE Optics and 
Photonics Education Scholarships

 21-25: SPIE Advanced Lithography, San Jose, 
California, USA

 28: Applications due for SPIE Education 
Outreach Grants

The ultimate pitch competition 
for new optics and photonics 

businesses

Are you an entrepreneur with a light-based 
technology business plan? Do you need proper 
funds and coaching to get your plan off the 
ground?

Apply to the 2021 SPIE Startup Challenge and 
pitch your businesses to a team of expert judges 
and vie for over $85,000 in cash, prizes, and 
promotion.

2021 APPLICATIONS DUE 

30 November 2020

Compete at the  
2021 Startup Challenge Finals

10 March 2021 at SPIE Photonics West  
in San Francisco

spie.org/startup
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SPIE Awards Announced

Robert L. Byer

Sergio Fantini and Irving Bigio
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SPIE Maiman Laser Award 

ROBERT L. BYER, a professor of applied physics and photon science at Stan-
ford University’s School of Humanities and Sciences, and a professor of photon 
science at SLAC National Accelerator Laboratory, received the first annual 
SPIE Maiman Laser Award in recognition of sustained contributions and 
high impact in diode-pumped solid-state lasers and nonlinear optical sources. 

The SPIE Maiman Laser Award honors Theodore Harold Maiman’s inven-
tion of the laser and is awarded to high-impact contributors to the technology.

Byer’s career in laser technology includes developing the first visible, tun-
able red laser and the Q-switched unstable resonator Nd:YAG laser, as well 
as demonstrating remote sensing using tunable infrared sources and utilizing 
precision spectroscopy using coherent anti-Stokes Raman scattering. 

Out of more than 50 patents, Byer’s favorite remains his green laser pointer 
patent. That invention has had prolific and mainstream use including as a 
lecture pointer, a pointer for astronomy, and a rescue flare for sailors at sea. 

Joseph W. Goodman Book Writing Award 

SPIE FELLOWS IRVING BIGIO and SERGIO FANTINI received the 2020 
Joseph W. Goodman Book Writing Award for their 2016 book Quantitative 
Biomedical Optics: Theory, Methods, and Applications, published by Cam-
bridge University Press, which covers a broad range of areas in biomedical 
optics, from light interactions at the single-photon and single- biomolecule 
levels, to the diffusion regime of light propagation in tissue.

The biennial  Joseph W. Goodman Book Writing Award is co-sponsored 
by SPIE and OSA, and recognizes authorship of an outstanding book in the 
field of optics and photonics, published within the last six years, that has 
contributed significantly to research, teaching, or industry. It was established 
in 2005 and is funded by Joseph and Hon Mai Goodman.

Equity, Diversity, and Inclusion: a New Strategies Framework
IN RECENT YEARS, AS ISSUES AND DISCUSSIONS around 
diversity in STEM continue to grow, so has SPIE’s commit-
ment to address those concerns and contribute proactively to 
a diverse and inclusive science community. 

The SPIE Equity, Diversity, and Inclusion (EDI) program 
focuses on opportunities, initiatives, and activities that 
promote and engage diverse voices, providing platforms for 
underrepresented groups across optics, photonics, and the 
global STEM community. 

As part of this effort, SPIE has developed the EDI Strate-
gies Framework, designed to provide actionable strategies for 
small- and medium-sized companies to help shift their culture 

and practices to embrace equity, diversity, and inclusion. This 
framework, or toolkit, includes resources to support the recruit-
ment, retention, and advancement of diverse populations.

To better understand the status of EDI within the SPIE 
corporate community, SPIE conducted a survey in July and 
August of this year. Individuals and companies who took 
part in this survey gained early access to the framework. 
Survey results will help set a baseline of the corporate com-
munity’s understanding of EDI issues and inform our future 
programs, messaging, and deliverables. The EDI Strategies 
Framework is available now to SPIE Members. Learn more at  
spie.org/MemberEDI (Member login required).
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SPIE.Online Series Covers 
Optical Polarization
ON 29 SEPTEMBER, SPIE introduced the Henri 
Poincaré Webinar Series on Optical Polarization 
and Related Phenomena via its SPIE.Online 
program, with Miguel Alonso of the Institut 
Fresnel as the first presenter. Federico Capasso 
of Harvard University presented on 27 October. 
The next speakers scheduled to participate 
include Frans Snik of the Universiteit Leiden, 
on 24 November and Bart Kahr of New York 
University, on 26 January 2021.

The series was instigated by Thomas A. Ger-
mer, a physicist in the Surface and Interface 
Metrology Group, Sensor Science Division at the 
National Institute of Standards and Technology 
(NIST). This interdisciplinary series brings 
together speakers from across the globe to 
explore concepts derived from Henri Poincaré’s 
work on optical polarization. The interactive 
investigations also demonstrate contemporary 
applications of polarization techniques in vari-
ous research areas and how they relate to each 
other. With its extensive Q&A sessions, this 
series has a particular focus on engendering 
new collaborations and research opportunities 
for scientists in relevant fields. 

Webinar facilitators are Germer, Jessica 
C. Ramella-Roman of Florida International 
University, and Tatiana Novikova of École 
Polytechnique. 

This webinar is one of many free virtual 
events available on SPIE.Online, offering 
vital information and conversations cover-
ing multiple aspects of optics and photonics. 
Interactive opportunities include insights 
from key industry executives in a CEO- 
focused webinar series; an applied-optics 
series; quarterly public policy updates; a  
variety of technical talks; optics-related COVID 
discussions; and career development sessions. 
To discover these and other upcoming SPIE 
digital events, lectures, and networking ses-
sions, visit SPIE.Online. (spie.org/online)

DOE Quantum Information 
Science Research Centers 
QUANTUM DEVICES HAVE MYRIAD EXPECTED APPLICATIONS, such 
as significantly improving machine learning and optimization, ultrase-
cure encryption, precision timekeeping, discovering new materials and 
pharmaceuticals, and probing the mysteries of physics and the universe.

To hasten these discoveries, the US Department of Energy (DOE) will 
grant $625 million over a five-year period to DOE’s Argonne, Brookha-
ven, Fermi, Oak Ridge, and Lawrence Berkeley National Laboratories, 
to establish Quantum Information Science (QIS) Research Centers. 
Numerous universities and private tech companies such as IBM, Google, 
and Intel will also contribute to this project. 

Each QIS Center will incorporate a collaborative research team 
spanning multiple scientific and engineering disciplines and multiple 
institutions. The centers work to accelerate progress in QIS research 
and development, facilitate technology transfer, and build up the quan-
tum workforce. Projects for the centers include developing testbeds 
for emerging quantum computers, technologies to establish a secure 
quantum internet, and quantum sensors for various applications.

The QIS Centers include Q-NEXT led by Argonne National Lab-
oratory, which will focus on networks and materials for quantum 
technologies. Q-NEXT plans to create a quantum factory to produce 
a supply chain of standardized materials and devices to support 
quantum-enabled applications. Q-NEXT will also create a National 
Quantum Devices Database for the standardization of next-generation 
quantum devices.

The Co-Design Center for Quantum Advantage (C2QA) at Brookha-
ven National Laboratory will have three main areas of concentration: 
materials, devices, and software/applications. C2QA plans to develop 
quantum technologies that will serve as a platform for future computing 
innovations, with advances in areas such as national security, pharma-
ceutical development, and optimization of resources. 

The Quantum Systems Accelerator (QSA), led by Lawrence Berkeley 
National Laboratory will work to improve a wide range of currently 
available qubit technologies, such as neutral atom arrays, trapped ions, 
and superconducting circuits. The QSA will also develop new ways to 
improve quantum coherence and qubit connectivity and enable a new 
generation of hardware and software to solve scientific problems.

Photo Credit: Thor Swift/Berkeley Lab
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SPIE and Elsevier Launch  
New Photonics Book Series
IN AUGUST, SPIE LAUNCHED a new 
book series, Photonic Materials and 
Applications, in collaboration with 
Elsevier. Elsevier will act as the series’ 
publisher, which will be supported by 
contributions from leading members of 
the SPIE community. Lorenzo Pavesi, 
a professor at the University of Trento 
and a Fellow of SPIE, will serve as the 
series editor.

Photonic Materials and Applica-
tions takes an applied approach from 
the materials science and engineering 
perspective and examines the latest 
high-impact research trends in pho-
tonics and advances in the discipline’s 
underlying science and applications. 
Volumes in the series will be edited 
books featuring contributions from 
prominent experts in the photonics 
community. Photonic Materials and 
Applications is suitable for an inter-
disciplinary audience of researchers 
and practitioners in materials science, 
engineering, and the physical sciences.

The first titles in the series are set 
to be published in early 2022 and 
will cover important photonics topics 
ranging from key engineered and nat-
ural photonic materials, to methods 
and emerging applications. Books in 
the series will be available through 
both Elsevier’s normal sales channels, 
including Science Direct, and the SPIE 
Digital Library, in order to provide the 
widest possible access to the interdisci-
plinary photonics community.

LGBTQ+ Visibility in  
Optics and Photonics
AFTER FACILITATING “STORIES OF PRIDE” as part of the SPIE celebration of 
Pride Month this past June, I found myself questioning what is it truly like to be an 
LGBTQ+ person in the optics and photonics community and why LGBTQ+ visibil-
ity is important in STEM. To learn more, I spoke with several LGBTQ+ scientists 
about their experiences and those of their LGBTQ+ colleagues. As in the world at 
large, the LGBTQ+ experience varies from person to person, but these interviews 
indicated one thing clearly: visibility and representation matter. 

STEM fields have a problematic history in regard to diversity. In the United 
States, women make up only 28 percent of the STEM workforce, only 5 percent of 
STEM employees are Black compared to 11 percent in the national workforce, and 
only 6 percent are Hispanic compared to 16 percent in the national workforce. A 
study from Rice University found that there are 20 percent fewer LGBTQ+ workers 
in government STEM-related jobs than should be expected based on statistics 
reported for the general workforce. While gender and ethnic differences are usu-
ally obvious, LGBTQ+ identity can often be hidden. Nearly half of the LGBTQ+ 
STEM workforce is closeted, 43 percent according to a 2015 study.

It is important that we make space for LGBTQ+ employees at our workplaces. As 
Maryann Tung said in her article for SPIE Stories of Pride, “If you do not know any 
queer or trans people at your workplace, then you likely have not created an inclu-
sive environment in which your LGBTQ+ colleagues feel safe coming out to you.”

Representation is directly correlated to visibility and this starts with the hiring 
process. Nearly all of the LGBTQ+ scientists I spoke to stated that they would 
be less likely to seek employment with organizations that lack diversity, as this 
suggests that their identity may result in discrimination or simply erasure within 
the company. 

LGBTQ+ employees are more likely to be negatively impacted by the work-
first mentality of the STEM community. STEM communities have always had a 
strong professional focus, which leaves little room for the personal identities of 
their employees. This leads to a decrease in the visibility of LGBTQ+ employees 
that results in lower productivity levels, lower job satisfaction and, consequently, 
lower retention rates. According to the article “The Value of Belonging at Work” 
published in Harvard Business Review, employees who feel like they belong per-
form 56 percent better, are 50 percent less likely to quit, and take 75 percent fewer 
sick days. This means that LGBTQ+ inclusive workplaces are not only better for 
employee morale, they are better for business. 

Recently, the United States Supreme Court ruled that the 1964 Civil Rights 
Act protects LGBTQ+ employees from discrimination. It’s tempting to think that 
these kinds of legal coverages mark the end of the struggle for LGBTQ+ people 
at work, but until they feel welcome at every workplace, the fight is far from over. 
Every organization has an obligation to make their workforce match the com-
munities they work in because an organization that represents and welcomes the 
full spectrum of the human experience is an organization that is primed to reach 
its full potential. 

Throughout my career with SPIE, I’ve had the opportunity of working on sev-
eral projects that work toward making our events and the scientific community 
we serve more equitable, diverse, and inclusive. I encourage you to check out the  
SPIE Equity, Diversity, and Inclusion webpage (spie.org/diversity) to learn more 
about programs and services available to our constituents.

JOSH HENRY, SPIE Meetings Manager and EDI Specialist

SPIE COMMUNITY NEWS
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SPIE and University of Glasgow 
Announce $1 Million Quantum 
Photonics Program 
IN JULY, SPIE AND THE UNIVERSITY OF GLASGOW (UG) announced 
the establishment of the SPIE Early Career Researcher Accelerator Fund 
in Quantum Photonics. The $500,000 gift from the SPIE Endowment 
Matching Program will be matched 100 percent by UG. The program 
will support a diverse group of graduate students working in the field of  
quantum photonics. The program’s managers are UG professor of quantum 
technologies Daniele Faccio, who is also a Royal Academy of Engineering 
Chair in Emerging Technologies; and Miles Padgett, professor of optics in 
the School of Physics and Astronomy at UG, who holds the Kelvin Chair of 
Natural Philosophy at UG. 

The fund will create two new programs at the University. First, an annual 
SPIE Early Career Researcher in Quantum Photonics Scholarship will be 
awarded to an outstanding UG graduate student who is in the process of 
completing their studies. In addition, the SPIE Global Early Career Research 
program will support outgoing and incoming placements at and from the Uni-
versity as part of its ongoing collaboration with leading quantum-photonics 
research groups across the globe. Each year, the program will pair several 
University early-career researchers with counterparts from outside laboratories 
for six-month-long shared projects.

Three New  
SPIE Journal Editors 
Appointed 
THE SPIE JOURNALS PROGRAM announced 
the appointment of three new editors in chief 
for the journals Optical Engineering, Neu-
rophotonics, and the Journal of Electronic 
Imaging.

Adam Wax, professor of biomedical engi-
neering at Duke University, will take on the 
role of editor in chief of Optical Engineer-
ing, the flagship SPIE journal covering core 
optics research, design, and applications. He 
will succeed Michael T. Eismann, Air Force 
Research Laboratory, who has led the journal 
since 2014.

Anna Devor, associate professor in the 
College of Engineering at Boston University, 
will succeed Neurophotonics founding Editor 
in Chief David Boas, also of Boston Univer-
sity. Neurophotonics has published the latest 
breakthroughs at the intersection of optics 
and photonics since its launch in 2014.

Zeev Zalevsky, head of the Electro-Optics 
program at Bar-Ilan University, will assume 
leadership of the Journal of Electronic Imag-
ing, which is co-published by SPIE and IS&T 
and publishes papers in the design, engineer-
ing, and applications of electronic imaging 
systems. He succeeds Karen Egiazarian, 
Tempere University, who has been editor in 
chief since 2015.

David Sampson, chair of the SPIE Publi-
cations Committee, participated in all three 
searches. “Over the last few months, SPIE 
undertook an exhaustive and rigorous search 
to renew our journal leadership, receiving 
applications in an open and transparent 
competition from literally hundreds of appli-
cants from across the globe,” he says. “After 
a multistage sifting process, from among 
a superb shortlist, we have selected three 
exceptional candidates who I am confident 
will take SPIE journals and its digital plat-
form as inputs to reimagining the future of 
optics and photonics publishing.”

SPIE looks forward to the leadership, 
vision, and energy that these three individ-
uals will bring to the journals.

All three new editors will begin their terms 
in January 2021.  

Faccio, center, working on laser system 
alignment and optimization with student 
Mihail Petev, left, and Niclas Westerberg, 
a Leverhulme fellow in the School of 
Physics and Astronomy





Reflections
LIGO scientists ponder an issue with a newly 
installed fiber coupler. LIGO, a giant machine 
that listens to black holes and neutron star 
collisions, took decades and generations of 
scientists to get to where it is today. Like all 
sensitive equipment, routine maintenance is 
required to keep the detector operational.

Photo by Nutsinee Kijbunchoo,  
Australian National University/OzGrav 
@nutsineekijbunchoo

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.



SPIE ONLINE TRAINING
LET US BRING COURSES TO YOU

Individual 
and Group

Training 
Options 

Available

» Online Courses

» Course Recordings 
from SPIE Events

» In-Company Remote 
Webinars

For more information visit 
spie.org/education 

Or contact education@spie.org

YOUR LEADING PROVIDER FOR OPTICS + 
PHOTONICS TRAINING



spie.org/conferences

SPIE remains committed to advancing light-based research and meeting the needs 
of our constituents by providing space—whether in person or online—to share your 
work and connect you with the global science and engineering community.

We are here to ensure that your work 
is shared with your colleagues.

How that looks may change as world events impact our personal and professional 

lives. Rest assured, if the timing of an in-person meeting will not allow us to 

gather, we will leverage our Digital Forum platform and virtual meetups to give 

you alternative ways to collaborate with your community.

We look forward to connecting with you soon. 

 


