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Astronomers detected an Earth-like planet 11 light-years away 
from our solar system. How? Through data from an échelle 
spectrograph called HARPS, which finds exoplanets by detecting 
tiny wobbles in the motion of stars. Engineers looking to 
further the search for Earth-mass exoplanets can use ray tracing 
simulation to improve the sensitivity of échelle spectrographs.

learn more  comsol.blog/echelle-spectrographs

simulation case study

Looking beyond 
our solar system 
with ray tracing 
simulation...

The COMSOL Multiphysics® software is used for simulating designs, devices,  
and processes in all fields of engineering, manufacturing, and scientific research. 
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FROM THE EDITOR

The Long Game
IN THE 2013 FILM NOW YOU SEE ME, fictitious magician Lionel Shrike 
executes a spectacular magic trick. At a magic show in Central Park in 
New York City, he asks an audience member to sign a playing card. He then 
proceeds to saw a large tree in half, revealing the signed card inside. The 
movie goes on to reveal how Shrike executed the trick: 20 years before, he 
had asked the same man to sign a playing card, which he nestled into the 
hollow of a young tree that grew up around it. 

This clever trick is a plot point in a movie, and it doesn’t hold up to close 
inspection (How did he get the same person to sign the same playing card 
twice? And you can’t cut down trees in Central Park…), but it is a good illus-
tration of someone with the patience to play the long game.

On 25 December 2021, the James Webb Space Telescope (JWST) launched 
aboard an Ariane 5 rocket from French Guiana. It, too, was the culmination 
of a very long game begun 25 years earlier. The Webb was conceived in the 
mid-1990s—following tremendous public interest in the Hubble Space Tele-
scope—as a cold infrared space telescope that could help us learn about the 
birth of the first celestial objects that formed in the newly born universe. 

The mission was famously plagued by delays and budget overruns, but the 
teams working on JWST were devoted. Many scientists reportedly delayed 
retirement by years—and then more years—in order to see the project through 
to completion. This long attention span is common among astronomical 
instrumentation engineers, who are used to working on projects that span a 
decade or more.

The instruments described in this issue of Photonics Focus reflect the varied 
timelines of space missions, from short-term cubesats—which can be designed, 
built, and launched within just a couple of years—to the GRACE satellite 
series, which has allowed astronomers to observe surface mass changes to 
Earth’s polar ice and water over a period of decades. The longest-term mis-
sion described in these pages may be STROBE-X, which is currently at the 
same stage of mission concept as JWST was in 1996. As a smaller-scale probe 
mission, though, STROBE-X could feasibly be completed in under a decade.

Astronomical instruments like telescopes and satellites are unique in that 
funders, engineers, governing bodies, and the public maintain interest and 
support for these projects over long periods of time. In other areas of science, 
such as chemistry and biology, researchers and engineers are under pressure 
to produce results in much shorter timeframes. But, as the successful design, 
testing, and launch of JWST demonstrates, there’s much to be gained from 
playing the long game. The discoveries that JWST will enable may reveal 
nothing less than the beginning of everything.

GWEN WEERTS, PHOTONICS FOCUS EDITOR-IN-CHIEF



BANDWIDTH

Making 
Room for 
Equity, 
Diversity, 
and 
Inclusion in 
Astronomy

T WO H I G H - L E V E L R E P O R T S  
recently documented the state of 
equity, diversity, and inclusion (EDI) 
in the astronomy community. Taken 
together, the reports provide clear 
guidance and recommendations for the 
prioritization of EDI efforts in institu-
tions, organizations, and projects.

The National Academies recently 
released the Astro2020 Decadal 
Survey, “Pathways to Discovery in 
Astronomy and Astrophysics for the 
2020s,” and their recommendations 
are not limited to the technical needs 
of the community. For the first time, 
the decadal survey provided specific 
recommendations that, the authors 
write, were “strongly influenced by 
the urgent need to advance diver-
sity, equality, and inclusion in all 
aspects of society.” They advocate 
undertaking the advancement of 
equity, diversity, and inclusion in the 
astronomy community in a systematic 
and structural way: “Changing the 
defaults under which astronomy is 
practiced will only happen with ener-
getic engagement and a diversity-, 
equity-, and inclusion-focused lens.”

Another report was issued in 2020 
by the American Institute of Phys-

ics National Task Force to Elevate 
African American Representation in 
Undergraduate Physics and Astron-
omy (TEAM UP). Entitled “The Time 
is Now: Systemic Changes to Increase 
African Americans with Bachelor’s 
Degrees in Physics and Astronomy,” 
the study shows that the primary 
challenges facing students of color 
are the results of unsupportive and 
inequitable structures. 

 “The persistent underrepresenta-
tion of African Americans in physics 
and astronomy is due to (1) the lack 
of a supportive environment for these 
students in many departments, and 
(2) to the enormous financial chal-
lenges facing them and the programs 
that have consistently demonstrated 
the best practices in supporting their 
success,” the TEAM UP authors write. 
“Solving these problems requires 
addressing systemic and cultural 
issues, and creating a large-scale 
change management framework.”

How does the astronomy commu-
nity create supportive environments? 
How do we address racialized finan-
cial inequality and disproportionate 
access to resources? In short, we must 
organize, share data and resources, 
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forms of research or scientific mis-
conduct.” The report further suggests 
that “professional societies should 
pursue coalition-building efforts 
that seek to address and eliminate 
identity-based harassment including 
microaggressions and acts motivated 
by bias and racism.”

One of the major challenges for 
members of marginalized commu-
nities is f inancial. The combined 
stresses of unsupportive spaces and 
inequitable financial pressure put 
an undue burden on marginalized 
students. According to the TEAM 
UP report, to address this inequity, 
“A consortium of physical science 
societies should be formed to raise 
a $50M endow ment to suppor t 
minoritized students in physics and 
astronomy who have unmet financial 
needs…. As an interim step, physics 
and astronomy societies should raise 
$1.2M per year to relieve the debt 
burden of African American bache-
lor’s degree students. The latter figure 
corresponds to the typical unmet 
need of $8K/year for 150 students, 
which is the number of additional 
African American students who 
should be earning physics bachelor’s 
degrees at HBCUs (Historically Black 
Colleges and Universities) in order 
to achieve parity with the growth in 
physics degrees at Predominantly 
White Institutions since 1995.” 

In her 2000 book Feminism is 
for Everybody, bell hooks writes, 
“Whenever domination is present 
love is lacking. The soul of our pol-
itics is the commitment to ending 
domination.” This work must begin 
in our personal lives so that we can 
bring the spirit of equality into our 
professional environments. We are all 
unwitting recipients of undeserved 
privilege and have the capacity to use 
pre-existing systems of domination to 
marginalize others. It’s critical that 
we educate ourselves, as individuals, 
about the experiences of our peers 
and colleagues, and renew this work 
from the inside out.

collaborate, and follow best practices 
based on what we know works. 

To make progress in diversity 
and inclusion, it ’s important to 
enable data collection and analysis 
to understand the demographics of 
the community and set target areas 
for improvement. This is common 
practice for many institutions, but 
others have yet to adopt the task, 
and it is further complicated by the 
fact that the data must be provided 
voluntarily, while many members 
of the community are reluctant to 
provide this information for a variety 
of reasons. The Astro2020 Decadal 
Survey report notes that “At the core 
of a diversity-, equity-, and inclusiv-
ity-focused approach is the need for 
data to evaluate equitable outcomes 
of proposal competitions; such data 
was sorely lacking in the preparation 
of this report, and a recommendation 
to collect, evaluate, and publicly 
report such data would enable future 
assessments.” 

Organizations should be devel-
oping systems to accurately gather  
and measure demographic infor-
mation to increase diversity, and 
individuals can aid in this effort by 
self-reporting demographic informa-
tion when requested.

Any EDI effort should include spe-
cial attention to cultivating spaces 
that are inclusive, equitable, and 
supportive of a diverse population. 
Universities, institutions, and pro-
fessional societies have the capacity 
to effect positive change by adopting 
practices and policies that create 
equitable, diverse, and inclusive work-
place environments.

The decadal survey report states 
it best: “The ugly realization of con-
tinued discrimination in the form 
of racism, bias, and harassment 
hampers progress towards building a 
fully diverse and inclusive workforce, 
and a recommendation of the report 
in this area suggests adoption of sci-
entific integrity policies that address 
discrimination and harassment as 
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At this year’s SPIE Astronomical 
Telescopes + Instrumentation meet-
ing, we are hosting an EDI resource 
room with volunteer leaders from the 
astronomy EDI community, as well 
as an educational “Lunch and Learn” 
workshop series to explore topics like 
social privilege, unconscious bias, and 
systemic change.

According to Lyndele von Schill, 
National Radio Astronomy Obser-
vatory Director of Diversity and 
Inclusion, “We know the challenges, 
we have clear paths and programs to 
address those challenges, and now  
we need institutions to step up and 
make the changes that they need to 
make.”

We encourage everyone to follow 
and support organizations like the 
Society for the Advancement of  
Chicano/Hispanic and Native Amer-
icans in Science and National Soci-
ety of Black Physicists, to explore the 
reports and resources that are avail-
able on the SPIE EDI Resource page, 
and to join the effort to advance EDI 
through personal, professional, and 
organizational activities. Identify 
areas of improvement in your orga-
nization, and maintain pressure 
on your professional societies to 
keep EDI in the forefront of their 
planning.

We can make positive changes for 
the betterment of our global society, 
but history has shown that it will not 
happen without a concerted effort. We 
need to coordinate and move in this 
direction together. 

ALYSHA SHUGART is Observing 
Specialist at the Vera C. Rubin 
Observatory.

ALISON PECK is a member 
of the organizing team, SPIE 
Astronomical Telescopes + 
Instrumentation resource room, 
and a past AT+I symposium chair.



A Conversation 
with NSF Director 
and SPIE Fellow 
Sethuraman 
Panchanathan
The ebullient computer scientist discusses 
the agency’s new technology directorate, 
US science leadership, and the return to 
in-person SPIE conferences.

BANDWIDTH

HOW WAS THE SOUTH BY SOUTHWEST FESTIVAL? AND WHY 
DID YOU PICK THAT VENUE TO ANNOUNCE TIP?

South by Southwest exemplifies the spirit of innovation 
and creativity. And so, when we were talking about 
announcing [TIP]—it leverages all the things hap-
pening in the various directorates of NSF, whether it 
is physical sciences or computer information sciences 
and engineering, biosciences, geosciences, education, 
social/behavioral economics and so on. We will be able 
to leverage those innovations, but also at the same time 
energize more innovations. We thought SXSW might 
be a good venue for us to be able to talk about that. And 
the timing worked out.

WHAT DO YOU SAY TO PEOPLE WHO FEEL THAT TIP MIGHT 
PULL NSF AWAY FROM ITS HISTORIC MISSION OF FUNDING 
ONLY BASIC RESEARCH?

As a fundamental researcher myself, as well as a 
translational researcher who leverages fundamental 
research, I look at NSF as a place where both curiosity 
driven discovery, as well as use-inspired solutions- 
focused translational research also is made possible. 
The DNA of NSF is curiosity and discovery-based 
research synergizing and symbiotic with solutions- 
focused translations and innovations. We would not 
be looking at the outer universe today with the Vera 
Rubin telescope or the Mauna Kea telescope without 
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Q

QTHE BUZZY SOUTH BY SOUTHWEST CONFERENCE 
and Festival (SXSW) in Austin, Texas that each year  
celebrates the convergence of music, film, and tech might 
seem an unlikely place to announce a new addition to the 
US government bureaucracy. But on 16 March 2022, that 
is where SPIE Fellow and National Science Foundation 
(NSF) Director Sethuraman Panchanathan announced his 
agency’s new Directorate for Technology, Innovation, and 
Partnerships (TIP). 

And the new directorate, the first such addition to 
the agency in more than three decades, is buzzworthy. 
First, it is seen by many in the US R&D enterprise as a 
bold departure from NSF’s historic focus on funding for 
basic science. For many others, like Panchanathan’s pre-
decessor, astrophysicist France A. Córdova, it is overdue 
recognition of the speed with which today’s research 
moves from bench to application—and NSF’s ability to 
grease the wheels even more. Now, in US President Joe 
Biden’s 2023 budget request to Congress, $880 million 
has been allotted for TIP as part of a total $10.5 billion 
budget for the agency.

Photonics Focus caught up with “Panch,” as he is infor-
mally known, just after SXSW. He told us that SPIE was the 
first of the professional societies he participates in to have 
named him a Fellow, and he keeps the certificate displayed 
prominently on his office wall at NSF.

 The following is an edited version of our conversation 
with the charismatic computer scientist.



the translational work that made this possible. This 
symbiosis is very powerful and exceedingly import-
ant. Where possible, we want to make sure that we 
inspire more expert research through advancements 
in translational research and innovations.

For example, when you look at an area like nanopho-
tonics, this is a rapidly growing field for advanced data 
storage and wide bandwidth transmission. The ability 
to concentrate light and to strengthen light-matter 
interactions, this enables ultrasensitive label-free 
chemical and biological sensing.  So, without expert 
research we will not be able to reach translational 
research outcomes, and we are not able to get more 
expert research done. I feel that when you have great 
ideas, and you also make possible great outcomes, 
whether it is a Nobel Prize, or a fundamental discovery 
of black holes, or whether it is in founding companies 
like Google. All these outcomes make possible more 
investments.

WHAT ARE SOME OF YOUR OTHER GOALS AS NSF DIRECTOR? 

To keep it simple, my answer would be that there are 
three pillars. First pillar: Advancing the frontiers of 
discoveries in science and technology…how can we 
strengthen this at speed, at scale? This moment is 
calling upon us.  

The middle pillar, literally the central pillar of my 
vision, is that in doing these things you want to ensure 

accessibility and inclusivity.  For far too long, we have 
not been able to get the full strength of talent and ideas 
that exists across the nation. So how do we do that? We 
ensure that in all the things that we do, we are mindful 
of engaging every part of this nation, every commu-
nity—domestic talent being unleashed full force, at 
full scale. Also, what we need now is global talent that 
is augmentative and additive, not substituted. We 
need domestic talent unleashed at full force and full 
scale, and we need to welcome global talent. Both are 
necessary for the US to be in the vanguard of global 
competitiveness.

The third pillar is what I call global science lead-
ership. Not that one nation is a leader and the rest 
followers. I mean, shared leadership through shared 
values—openness, transparency, reciprocity, integrity, 
respect for intellectual property. When we all subscribe 
to common values, we can share in the leadership 
imperative and work together to do some amazing 
things.

HAVE YOU BEEN TO ANY SPIE MEETINGS THIS YEAR? HOW IS 
NSF ADDRESSING THIS FUNDAMENTAL ASPECT OF THE US 
SCIENCE AND TECHNOLOGY ENTERPRISE—IN-PERSON MEET-
INGS AND HOW WE GET BACK TO THAT, POST-PANDEMIC.

I have chaired SPIE conferences like the electronic 
imaging symposium and, given the opportunity and 
my scheduling demands, would do so again. But what 
the COVID moment has taught us is that talent, ideas, 
learning—these can be accessed wherever you are. 
There are ways we can do these conferences so that the 
1,000 people who attend, we can scale it to 10s of thou-
sands. Personal participation is important, particularly 
for young scientists, to interact with senior scientists, 
to interact with peers and colleagues. I’ve benefited 
so much in my career because conferences provided 
me the ability to be able to test my ideas, engage  
with people, get criticism and, you know, develop a 
network. So, there is value in the personal interaction, 
but there’s also value that if you’re not able to do that, 
you’re not shut out. 

National Science Foundation Director 
Sethuraman Panchanathan speaking at the 
SXSW Conference and Festival in Austin, Texas

Photo credit: Noah Egge, National Science Foundation
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WILLIAM G. SCHULZ   
is Managing Editor of  
Photonics Focus. 
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THE LONG-AWAITED market success 
of ultrafast lasers is within reach. As 
just one example, researchers in Europe 
and the US recently reported sustain-
able fusion reactions ignited by short 
laser pulses, generated by factory-sized  
systems. This technology might offer 
a virtually unlimited source of clean 
energy in about a decade or two.

Meanwhile, solar energy is starting to 
replace fossil fuels. Solar cell manufac-
turing has created a new market for high 
power ultrafast lasers. Cold ablation, 
enabled by short laser pulses, proved to 
be a lot more reliable than mechanical 
cutters used for solar cell manufacturing 
in the past. The solar cells need to be 
cut into numerous segments, which are 
connected sequentially to increase the 
output voltage and improve efficiency. 
This may be the first really high-volume 
market for this technology, developed 
over the last 50 years. It is long overdue.

Several niche markets for ultrafast 
lasers are well established: semicon-
ductor processing and inspection, laser 
eye surgery, and glass cutting for smart-
phones are a few examples. Coherent 
(now part of II-VI) was a leading sup-
plier of ultrafast lasers since the 1980s. 
Several smaller companies struck gold, 
including EOLITE, Fianium and New 
Wave Research. All were acquired by 
customers or competitors over the last 
decade. Yet, we have not seen a single 
unicorn in the ultrafast laser market.

Limited size of market opportunities 
constrains business growth and valua-
tions. Success in larger markets does not 
come for free. It often requires innova-
tion to support significant reductions in 
product cost. 

IPG Photonics is a great example of 
a company developing a high-volume 
market by reducing the cost of their 
products—high power fiber lasers. These 
were not ultrafast lasers, but they were 
good enough for cutting leather and 
welding metal. IPG invested heavily into 
vertically integrated manufacturing to 
reduce the cost of products. It is a $10 
billion company now, dominating the 
CW fiber laser market. In a recent con-
versation with LightCounting—a market 
research and consulting company—Dr. 
Eugene Shcherbakov, CEO of IPG Pho-
tonics, jokingly commented that “the 
company has no competitors.”

YSL Photonics took a similar approach 
for manufacturing ultrafast fiber lasers, 
and it is targeting higher volume mar-
kets with lower cost products. The 
company was founded by Dr. Chen 
Kangkang in 2010, as he was receiving a 
PhD in laser physics from the University 
of Southampton in the UK. It took him 
five years to prove that he could build 
reliable products and start attracting 
significant investments to scale up the 
business.

Among the first investors was his class-
mate from Southampton, Weijia Yang.  

On the Eve of Market Success 
for Ultrafast Lasers

Dr. Yang spent a few years working at 
Fianium after completing his doctoral 
studies. Fianium was a start-up also 
developing ultrafast fiber lasers, which 
was acquired by NKT in 2015.

Yang joined YSL Photonics as a part-
ner and brought in an investment from 
his family. Yang’s grandfather had been 
a factory owner in China and became 
a factory manager. Eventually, Yang’s 
father took over the company’s man-
agement and privatized it soon after the 
Chinese government legalized private 
businesses in the 1980s. That business 
managed to last over turbulent decades 
of Chinese history, make a profit, and 
invest in next-generation technologies. 
Sadly, Weijia Yang passed away in 2019, 
but his family remains an investor in 
YSL. People come and go, but strong 
families persevere.

Similarly, Fianium had demonstrated 
patterning of solar cells with ultrafast 
fiber lasers, while working closely with 
the ill-fated Solindra, which did not 
survive a sharp decline in solar cell 
pricing. Nonetheless, the ultrafast fiber 
laser technology is widely used by solar 
cell manufacturers in China. Companies 
come and go, but good technologies 
persevere. 

YSL Photonics is lucky to be at the 
right place at the right time, but the com-
pany has not taken its luck for granted. 
It invested heavily into vertically inte-
grated manufacturing, following IPG’s 
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IN PRODUCT COST. 



example. It developed a new fiber amplifier technology 
using doped photonics crystal fiber, enabling high pulse 
energy lasers. It is also making fiber rods now to produce 
even higher (up to 1 mJ) ultrafast pulses.

Starting a company in Wuhan, China—known as China’s 
“optical valley”—was a blessing in the long run for YSL.  
The company has been able to attract talent in fiber manu-
facturing, electronics, and finance. Chen tells LightCount-
ing that technology is the easy part of starting a business. 
Finance is the hard part. 

YSL Photonics rarely comments on their business 
growth and opportunities that they have been able to 
leverage. But it will have to start sharing more data with 
the global financial industry when the company goes 
public in a year or two.

Apart from the solar cell market, YSL makes lasers 
for patterning of OLED displays. Very short pulses are 
critical for both applications: A line of material can be 
removed without melting the films around it. This pro-
cess is referred to as cold ablation and we will see more 
applications of it in the future. Patterning of thin films on 
flexible substrates and even membranes is also possible 
with ultrafast lasers, enabling manufacturing of flexible 
displays and other high-end electronics.

The market size will also depend on the number of 
factories using ultrafast lasers. Current trends for diver-
sifying the supply chain and bringing critical technologies 
closer to home suggests that more factories will be built 
around the world. Automation makes labor costs less of 
a barrier, while the cost of transportation is going up. 
All these trends bode well for YSL Photonics and others. 

Industry Updates
M&A
» Xilinx, Inc. was acquired by Advanced Micro Devices, 

Inc. for $49B effective February 14, 2022. Xilinx will 
become the Adaptive and Embedded Computing Group. 

» Luminar will acquire Freedom Photonics in an all-stock 
transaction expected to close at the end of Q2 2022. 

» International Light Technologies, Inc. was acquired 
by Ocean Insight, a subsidiary of Halma plc for $26.6M 
effective February 21, 2022.

» RadioBro Corp. was acquired by Technology for Energy 
Corp. for an undisclosed amount effective February 14, 
2022.

» TRUMPF GmbH & Co. KG acquired an 80 percent stake in 
Active Fiber Systems GmbH for an undisclosed amount 
effective February 16, 2022.

» Cepton Teachnologies, Inc. merged with Capital 
Acquisition Corp. effective February 10, 2022. The 
combined company was renamed Cepton, Inc.

» Intel Corp. to acquire Tower Semiconductor Ltd. 
for $5.4B. The transaction is expected to close in 
approximately 12 months.

» Collegium Pharmaceutical, Inc. to acquire BioDelivery 
Sciences International, Inc. for $604M. The transaction 
was expected to close at the end of Q1 2022. 

Executive Updates
» Shawn Purvis was appointed President & CEO of QinetiQ 

North America effective February 16, 2022.

» Christoph Schell was appointed Executive VP & CMO of 
Intel Corp. effective February 26, 2022.

» Christopher Calio, President of Pratt & Whitney, was 
promoted to COO of Pratt’s parent company, Raytheon 
Technologies Corp. effective March 1, 2022. Shane Eddy 
was appointed the new President of P&W.

» Satish Dhanasekaran current COO of Keysight 
Technologies, Inc. to be appointed President & CEO 
effective May 1, 2022. He succeeds Ron Neresian who will 
be retiring but will continue as Executive Chairman of the 
Board.

» Noboru Saito current Sr. VP at TDK Corp. was appointed 
President & CEO effective April 1, 2022. He succeeds 
Shigenao Ishiguro who will be appointed Chairman.  

» Thomas G. Brown was named Director of The Institute of 
Optics at the University of Rochester.
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Weijia Yang (left) 
was among the first 
investors in YSL 
Photonics

Photo credit: YSL Photonics
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Glass: The Final Frontier
Spacecraft and satellites use a range of specialty glass and 

glass-ceramic materials, as well as hermetic glass-sealed 
components. One such example is the ultrathin glass that 
provides protection for photovoltaic cells by blocking harmful 
ultraviolet (UV) radiation while maintaining high light trans-
mission over the lifetime of a space mission. Glass cylinders 
provide transparent hermetic packaging for sensors, while 
custom-made hermetic light-weight packages with glass-
to-metal sealed feedthroughs protect sensitive components 
effectively against harsh environmental conditions and sup-
port efficient transmission of optical signals. 

What is more, a broad range of optical glass, filters, and 
aspheres can perform increasingly complex roles in spacecraft 
and satellites. The sheer breadth of transmission, reflectance, 
and absorption properties available—plus high-quality 
surface processing and stability—not only results in highly 
precise instrument readings, but also in images that provide 
valuable insights into the cosmos. For example, onboard 
the asteroid probe OSIRIS-REx are three cameras, each 
equipped with cerium-doped optical glass able to withstand 
cosmic radiation and protect against solarization to produce 
stunning images. The mission will gather samples from the 
asteroid Bennu and return them to Earth to enable scientists 
to learn more about the formation and evolution of our solar 
system.

Another example of a glass application is the flexible and 
rigid optical fiber bundles used in rockets for monitoring pro-
pulsion and fuel systems as well as for calibration. By guiding 
light optically without direct electricity, glass optical fibers 
offer a safe way for constant operational surveillance over 
distance, even in tight spaces and without short-circuit risk. 

The success of these glass solutions in space comes down to 
a combination of consistently stable transmission, from the 
UV into the near infrared; a high absorption of UV radiation; 
protection against particle radiation; and a low coefficient of 

IN THE QUEST TO EXPLORE SPACE, glass has played a key role 
in astronomy, on Moon missions, and beyond. Glass-ceramics 
are found in monolithic and segmented telescopes, helping to 
advance our knowledge of the solar system and the universe. 
These telescopes, both ground-based and space-based, rely on 
mirror substrate materials with low thermal expansion in order 
to see into space in such fine detail. This is important because 
even the tiniest expansion can severely affect the image focus, 
as well as rendering any instrument readings unusable. 

Developed in 1968 for the Max Planck Institute for Astronomy 
telescope in southern Spain, Schott’s ZERODUR® glass-ceramic 
is the industry standard in astronomy, found in many of the 
world’s most powerful observatories. Its near-zero thermal 
expansion coefficient can be tailored to the application tempera-
ture and is extremely homogeneous throughout. The nonporous 
lithium aluminium silicon oxide material exhibits remarkably 
low levels of inclusions, striae, and bulk stress. Soon, ZERO-
DUR® will be used for the mirrors of what is to be the world’s 
largest optical telescope, the European Southern Observatory’s 
Extremely Large Telescope, scheduled for first light in 2027. 

For decades, ZERODUR® has also been part of long-term mis-
sions in space: It has flown on more than 40 successful missions 
that required high-precision optics for Earth observation and 
astronomy. These include the secondary mirror substrate for the 
Hubble Space Telescope and the Walter mirrors of the Chandra 
X-ray Observatory, as well as several weather-forecast satellites. 

Beyond astronomy, glass and glass-ceramics have played a 
central role in space exploration, from the Apollo 11 mission 
that put a human on the Moon to the Juno space probe currently 
orbiting Jupiter. The key to these materials’ success is that they 
maintain their strength and tightly controlled range of physical 
properties throughout their operational lifetime. The harsh 
environment of space demands materials that can withstand 
large temperature changes, high radiation, and the extreme 
mechanical challenges present during launch. 

FIELD OF VIEW

BORIS EICHHORN is Senior Manager 
New Venture, SCHOTT. He can be 
reached at boris.eichhorn@schott.com 
www.schott.com/en-us/markets/
aviation-astro-and-space

PHOTONICS FOCUS MAY/JUNE 202212



thermal expansion as well as lightweight materials. This results in com-
ponents that are able to function in the harshest environments known to 
humankind—and some that we have yet to experience.

The planet Mars has long held a deep fascination for astronomers and 
science-fiction writers, particularly because of its potential to sustain life. 
NASA’s Mars 2020 mission, which touched down on 18 February 2021, 
carries onboard the Mars Oxygen In-Situ Resource Utilization Experiment 
(MOXIE), developed to investigate the possibility of extracting oxygen from 
the Red Planet’s carbon-dioxide-rich atmosphere. Here, too, glass plays 
an important role. MOXIE’s ground-breaking technology relies on a solid 
oxide electrolysis (SOXE) stack made up of layers of metal and ceramic 
plates separated and sealed by glass, applied in the form of powder. This 
ensures a tight seal able to withstand extreme temperature changes not 
only on Mars, but also during rocket launch and operation. That is, it needs 
to remain functional in temperatures ranging from –55 degrees C to more 
than 800 degrees C and to withstand the huge amount of vibration involved 
in take-off and landing.

On 20 April 2021, MOXIE produced its first oxygen from carbon dioxide 
on Mars. As the first extraction of a natural resource from another planet 
for human use, the implications of this achievement are huge. If scaled up, 
this oxygen could not only sustain human life, but also generate the oxidizer 
required for a spacecraft to return to Earth. Because oxygen could also 
possibly be used to produce water on Mars, it’s no wonder scientists are 
excited about this development. Because electrolysis has strong potential 
for space exploration and human ability to survive on another planet, glass 
will likely play a major part in the development of the technologies that have 
the potential to change all of our lives. 
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A Ratio for Stretching
IT’S IMPORTANT TO STRETCH, but that can lead to image dis-
tortion in the case of display technology. The critical obstacles to 
implementing a stretchable display are large stretchability, high 
deformation uniformity, and low image distortion. A research 
team in Korea claims to have solved the fundamental issue of 
image distortion in stretchable displays by using metastructures. 
They report metadisplay technology that can be stretched up to 25 
percent without image distortion. To do so they applied so-called 
auxetic metamaterials—those with a negative Poisson’s ratio—to 
a circuit board. The Poisson’s ratio is the ratio at which the width 
of material shrinks when it is stretched lengthwise. The team 
used a mechanical metamaterial with a ratio of –1 when stretched 
lengthwise with the effect of stretching at the same ratio widthwise. 
A display using such a material would be characterized by images 
that are not distorted. They used a scalable manufacturing method 
to roll-transfer microLEDs onto the metamaterial. Tests confirmed 
that the characteristic of uniform extension without distortion 
originated with the auxetic metamaterial. They demonstrated 
skin-attachable phototherapy devices with the technology as well 
as information displays without image distortion. The technology 
is also expected to contribute to the diversification of platforms 
for mobile electronic devices, such as mobile phones and tablets. 
The team plans follow-up studies on microLED displays for ultra-
realistic metaverses. 

(B. Jang et al . ,  Adv. Func. Mat.,  2022, doi: 10.1002/
adfm.202113299) 

SOURCES

In Space, 
Experience Counts
EXPERIENCE COUNTS—particularly in deep- 
space regions like that where the Spitzer Space 
Telescope operated for more than 16 years in 
an Earth-trailing solar orbit. Now, a group 
of researchers say Spitzer’s spacecraft and 
instrument engineering data can lend insight 
for missions headed to the nearly identical 
environment of LaGrange point 2 (L2) where 
the James Webb Space Telescope has already 
set up shop. Spitzer launched in 2003 as a 
cryogenic telescope cooled by liquid helium 
and radiation to space. After seven years, when 
the coolant ran out, it continued operating in a 
more constrained manner, at the two shortest- 
wavelength imaging channels, but the group 
says one lesson learned is that this was not 
required at launch but was rather a byproduct 
of the work and resources focused on the pri-
mary, cryogenic mission. Other helpful data 
points from Spitzer include the following: 
Communications geometry as affected, for 
example, by tilting of the spacecraft to recharge 
batteries; thermal history of key elements of 
the Spitzer thermal/cryogenic system; tele-
scope optics and metering structure; maximiz-
ing the life of Spitzer’s cryogenic system; cryo-
genic and optical system verification and focus 
adjustment; instrument sensitivity; cosmic ray 
hit rate; photometric stability; electric power 
generation; pointing system performance; and 
more. The Spitzer-affiliated group has collected 
the more unique and potentially useful por-
tions of that mission’s engineering experience 
and results into a single publication.

(Werner et al., JATIS, 2022, doi: 10.1117/1.
JATIS.8.1.014002)
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Earth as Exoplanet Proxy
“WE’LL KNOW IT WHEN WE SEE IT.” That simple phrase could 
sum up a proposal from astrophysicists for a Moon-based 
instrument that might help the US National Aeronautics 
and Space Administration (NASA) find habitable, Earth-like 
exoplanets orbiting other suns. Called EarthShine, the suite of 
low-cost instruments, operating from a platform on the Moon, 
would view Earth as an exoplanet proxy. The idea being that 
observations of a known habitable planet might validate and 
improve models to be used on future space missions whose 
goal is to image and characterize exoplanets.  The instrument 
suite consists of a wide-field optical imaging spectrometer, 
the camera for hyperspectral earth imaging from the lunar 
surface, to acquire spectroscopic data cubes of Earth’s disc; 
a wide-field laser heterodyne radiometer for high-resolution 
lunar water vapor measurements to characterize any poten-
tial lunar exosphere contributions; and a mid- to long-wave 

infrared multispectral imager, the Earth polychromatic 
camera-infrared, to characterize Earth and correlate with the 
visible band in the exo-Earth context. The spectral range of the 
combined suite of instruments is 0.4 to 12.5 μm. Results from 
observations would inform exoplanet-observing strategies for 
future missions such as Astro2020 Decadal mission studies 
seeking to directly image and characterize planets orbiting 
other stars. Searching for life on exoplanets is a driving goal 
for NASA. The quest relies on detecting a distant, yet faint, 
world, and observing spectral signatures of gases such as 
methane and water vapor. The combined presence of these 
gases, researchers say, might indicate a habitable environment 
and perhaps even microbial activity. NASA plans a return 
to the Moon, thus providing an opportunity to set up such a 
habitable-exoplanet laboratory.

(P. Boyd et al., JATIS, 2022, doi: 10.1117/1.JATIS.8.1.014003)

The Achromat, Reinvented

refinements, the team’s achromatic lens for X-rays should 
make it much easier to study, for example, nanostructures.  
To date, high-resolution X-ray microscopy has been confined 
to monochromatic beams, from which all but a single wave-
length has been filtered out. As such, the process requires 
high-intensity synchrotron sources that deliver enough light 
for imaging even after monochromatization of the beam. The 
PSI achromat will enable efficient high-resolution microscopy 
at laboratory-based X-ray systems. As a proof-of-principle 
experiment it leaves room for further improvement through 
advances in manufacturing techniques and design. 

(A. Kubec, et al., Nat. Comm., 2022, doi: 10.1038/s41467-
022-28902-8)

EVERYTHING OLD IS NEW AGAIN. That is certainly the case 
for centuries-old achromatic lenses that use two materials 
that first split light into its spectral colors and then, as it 
penetrates the second material, reverse the process. This 
focusing of differing wavelengths produces sharp images in 
photography and optical microscopes. Now, the same concept 
has been applied to X-rays by Paul Scherrer Institute (PSI) 
scientists. Because X-rays can reveal much smaller structures 
than visible light, their lens promises benefits for onsite R&D 
activities related to microchips, batteries, materials science, 
and more. Achromats for visible light can be achieved with 
different materials for the refractive and diffractive lens 
components because of the wide variation in wavelengths of 
visible light. That’s not true for the much-shorter wavelength 
X-rays. So instead, the PSI team X-ray-imaging setup exploits 
the fact that refractive and diffractive lenses scale differently 
according to chromaticity. By combining these two different 
types of lenses, an achromat for X-rays can be achieved. With 
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GEORGE R. CARRUTHERS
Astrophysicist and optics innovator  
whose image converter unveiled the  
far ultraviolet for Earth’s atmosphere  
and beyond
By William G. Schulz 

Photo credits: Naval Research Laboratory

Radiation Especially in Short Wave Lengths.” He 
was awarded the patent in 1969; the invention 
became the wellspring for many imaging devices 
to follow from the Carruthers laboratory at NRL, 
all focused on detecting radiation in the far UV.

According to Carruthers’ patent, the camera 
“provides an internal optic image converter in 
which parallel light enters a front opening of the 
converter tube and is focused by an internal mir-
ror with the tube structure on the photocathode. 
Electrons are emitted from the photocathode due 
to the incident light and are accelerated in an axial 
direction along the length of a tube.” 

A magnet surrounding the tube focused the 
electrons onto a phosphor screen, converting the 
electrons to light for capturing optical images, 
or the electrons could be recorded directly on a 
nuclear track plate or film. 

“That was a major breakthrough in camera 
systems,” says Meier, referring to the dual capabil-
ities for imaging and spectroscopy using electrons 
instead of photons. 

A 50-lb, gold-plated version of this camera sys-
tem was carried aloft to the Moon on the Apollo 
16 mission, creating the first and only Moon-based 
space observatory. 

Unless it was destroyed by an ascent module, 
the camera should still be on the Moon, says David 
DeVorkin, senior curator at the Smithsonian Insti-
tution’s National Air & Space Museum. A replica 
of Carruthers’ camera system is on display at the 
museum’s Udvar-Hazy annex near Washington’s 
Dulles International Airport.

OVER THE COURSE OF HIS LONG AND DISTINGUISHED CAREER at the 
US Naval Research Laboratory (NRL) in Washington, DC, astrophysicist 
George R. Carruthers was both a role model for a life devoted to science 
and innovation, and a mentor whose science outreach programs had a 
profound impact on minority students.

The technologies Carruthers developed led to some of the most iconic 
and scientifically valuable images from NASA’s Apollo Moon missions. 
And his achievements also led to the Oval Office where, in 2012, President 
Barack Obama presented Carruthers with the prestigious National Medal 
of Technology and Innovation. 

Carruthers died in 2020. He was one of the nation’s few Black physicists 
for most of his career. 

One former high school intern, Jessye Talley, an assistant professor at 
Morgan State University, recalls especially Carruthers’ generosity with 
his time, and her ability to simply be in his laboratory and read the books 
on his shelves. Carruthers helped her write a research abstract and pre-
pare a presentation for the National Technical Association—a formative 
experience for a teenager contemplating a career in science.

 “When I look back, I think about how many people get the chance to 
work with someone [like Carruthers], to be mentored by him and work on 
something, you know, see his contribution.” As a Black woman and now 
herself a scientist, “representation matters,” Talley says of the opportunity 
to work with a high-achieving researcher who was also Black. 

But those who knew him say Carruthers was foremost a scientist.
“He was an experimentalist who worked on the most compelling issues of the 

day,” says physicist Robert Meier, who worked with Carruthers at NRL starting 
in the mid-1960s. His far-ultraviolet (UV) imaging devices led to the first UV 
images of the Earth’s upper atmosphere, detection of molecular hydrogen in 
interstellar space, far UV images of comets like Halley’s and Kohoutek, as well 
as new views of stars and solar systems otherwise invisible to the naked eye. 

“He was a great teacher,” says engineer Tim Seeley who worked with 
Carruthers in the 1980s. “He taught me a great deal about instrument 
design. He was a leader in that he performed so many of the design tasks 
himself. He wore many hats, and he passed some of that on to me.”

Carruthers’ work at NRL got underway in earnest with his 1966 pat-
ent application for an “Image Converter for Detecting Electromagnetic 
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As a Carruthers biographer, DeVorkin 
says he is intrigued by one of the inven-
tor’s key insights for the image converter. 

“George’s design didn’t use transmissive 
cathodes, he used reflective cathodes, and 
I still do not know where he got that idea,” 
DeVorkin says. “But using the reflective 
photocathode design made it much more 
reliable because the transmissive [cathode] 
kind of scrambled the signal. [Carruthers] 
was able to take reliable spectra of course, 

but he could also take [optical] images. 
Among the most important were images 
of the geo corona of the Earth and showing 
how it varied with solar activity.”

Former colleagues tell Photonics Focus 
that Carruthers never discussed being 
a Black physicist and was circumspect 
about his personal life. They describe a 
friendly but shy man completely absorbed 
by his work. They say he was the NRL 
researcher who flipped the lights on in the 
morning after bicycling to work, and then 
turned them off at night, the last person 
to leave the laboratory. 

Interested in astronomy since child-
hood, Carruthers went on to earn a 
bachelor’s degree in physics, a master’s 
in nuclear engineering, and a PhD in 
aeronautical and astronautical engi-
neering at the University of Illinois at 
Urbana-Champaign. 

According to an obituary published 
in Physics Today and written by former 
colleague, astronomer Harry Heck-
athorn, Carruthers, while completing his 
doctoral dissertation on atomic nitrogen 
recombination in 1964, was invited to 
give a colloquium at NRL. Subsequently, 
he became the lab’s first E. O. Hulburt 
Postdoctoral Fellow and accepted a full-
time staff position there in 1967. 

Thomas Edison’s advocacy led to the 
founding of NRL, Heckathorn notes, and 
the lab is a legacy of the great inventor’s 
belief in the benefits of support for unfet-
tered scientific curiosity.

It was the perfect atmosphere for 
Carruthers’ creative mind, Heckathorn 
says. Along with the freedom to explore 
new ideas, “We had machine shops for 
metalworking, facilities for anodizing 
parts, an optical fab shop. We had test 
facilities for space applications—shake, 
rattle, and roll the payload before it goes 
on the rocket. If you wanted something 
made, you could just go over and talk to 
the machinist.”

But along with his pioneering instru-
ments and the images they captured, Car-
ruthers’ legacy will always also include 
the next generation of Black scientists 
he inspired. 

“When you’re in that position to be 
able to sway someone who really is inter-
ested in science, and just keep on being 
that voice,” Talley says, “I think that’s 
what [Carruthers] showed us. Show up 
and be there and talk about what you’re 
doing. And then it makes a difference. 
Significantly.”

WILLIAM G. SCHULZ is Managing 
Editor of Photonics Focus

Left photo: Dr. George Carruthers (right), 
of the US Naval Research Laboratory, 
inspects the lunar-surface far-ultraviolet 
camera with project manager William 
Conway. Right photo: Carruthers, an 
astrophysicist in NRL’s Space Science 
Division, mentors a science and 
engineering apprenticeship program 
student at the Lab. 
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THE 
GRACE 

TO TACKLE

CLIMATE CHANGE

A pair of orbiting spacecraft use laser technology developed 
for detecting gravitational waves to measure melting ice in 
Greenland

By Matthew R. Francis

Photo credit: NASA/JPL-Caltech
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CLIMATE CHANGE IS THE LARGEST EXISTENTIAL  
threat facing humanity. Melting ice in polar regions 
and in mountains contributes to rising ocean 
levels worldwide; warming air disrupts jet 
streams and precipitation patterns, mak-
ing severe storms more likely. Tracking 
these disruptions is essential for under-
standing how rapidly climate change is 
happening. However, Earth is big and 
many of the important fluctuations can 
be hard to measure without intensive 
local observations year-round.

But Earth-observation satellites 
present another extremely effective way 
to track climate change. Since 2018, a 
pair of spacecraft has been recording data 
that allow scientists to measure the melting 
of polar ice and the depletion of water tables 
during droughts. The satellites, together known 
as the Gravity Recovery and Climate Experiment 
Follow-On (GRACE-FO), track small fluctuations in Earth’s 
gravity as water moves from place to place. As its name sug-
gests, the joint project between the US and Germany succeeds 
the original 2002-2017 GRACE mission. Both have proven so 
successful that researchers are now planning a third mission.

GRACE, GRACE-FO, and the Gravity Recovery and Interior 
Laboratory (GRAIL) mission that circled the Moon in 2012 
each consist of two spacecraft orbiting in tandem. Fluctua-
tions in gravity tug on the spacecraft differently, changing the 
separation distance between them. Precision microwave and 
laser ranging instruments measure this separation, which lets 
scientists reconstruct the gravitational variations that caused 
them. Monthly flyovers of the same regions show how local 
gravity changes over time, a branch of Earth science known 
as geodesy.

“If the Earth were a billiard ball that is uniform through-
out, and you had two spacecraft following each other, the 

separation would never change,” says 
William Klipstein of NASA’s Jet 

Propulsion Laboratory, who led 
the development of the laser 

instruments for GRACE-FO. 
“[But] the lumpiness of 
the mass distribution of 
the Earth causes the lead 
spacecraft to speed up a 
little bit, then slow down, 
and the rear spacecraft to 
speed up a little bit, then 
slow down.”

This map of fluctuations 
in gravity is known as the 

geoid, and the power of the 
two GRACE missions lies in 

their ability to measure changes 
in that map. Ours is a dynamic 

planet, and most of the measurable 
changes happening on short time scales are 

movements of water: specifically, patterns of snow- and rainfall 
deposit water on land, while ice melt and drought deplete those 
water supplies. As Earth warms, more ice and snow melts than 
is replenished, shifting concentrations of water from land into 
the oceans. By measuring these shifts, GRACE and GRACE-FO 
together offer 20 years of data on climate change.

Gravity is the weakest of the fundamental forces of nature, 
but paradoxically that’s what makes GRACE-FO effective. The 
tug from matter deep beneath Earth’s surface passes through 
all the dense rock above without being affected by it the way 
a stronger force would, providing a look into the planet’s inte-
rior. Most importantly, GRACE-FO can detect groundwater 
levels and changes in ice density through their gravitational 
influence, phenomena that can be hard to measure otherwise.

The twin spacecraft chase each other in a polar orbit, 
which means they pass from North to South Pole and back as 
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the planet rotates beneath them. They orbit Earth at an 
altitude of roughly 500 km, with an average separation of 
about 220 km between the probes. Each orbit takes 94.5 
minutes, which means they can map the entire planet 
about once per month. The instruments are sensitive 
enough to measure changes in 1-cm-thick ice.

“We’re interested in trying to detect if there’s an 
acceleration in how fast ice sheets are changing,” says 
Michalea King, who studies the effect of climate change 
on Greenland at the Polar Ice Center at the University of 
Washington. “With GRACE and GRACE-FO, we’re getting 
mass change estimates [with] about monthly resolution, 
which, for resolving seasonal changes and mass changes, 
is really important.”

THE BASIC GRACE-FO DESIGN, like the original GRACE, 
consist of two identically sized spacecraft about 3-m-long 
and 1.9-m-wide, with a trapezoidal cross-section 0.72 m 
tall. Solar panels on the angled surfaces facing away from 
Earth provide the primary electrical power. The mission 
launched on a SpaceX Falcon 9 rocket on 22 May 2018 and 
began scientific operations on 28 January 2019. 

The spacecraft rely on a suite of instruments to measure 
the distance between them as precisely as possible. The 
probes carry GPS receivers to determine where they are 
over Earth, and accelerometers to measure nongravita-
tional influences. The primary range-finding apparatus 
consists of two-way microwave horns on each spacecraft, 
operating at 670 and 500 KHz. These are driven by an 
ultrastable oscillator; the shift between emitted and 
received frequencies are due to spacecraft separation. The 
microwave ranging system is accurate to about 10 µm.

New to the GRACE-FO mission is the Laser Ranging 
Interferometer (LRI) that provides both a major advance 
in sensitivity for range measurements and a first demon-
stration of the technology in space. LRI involves the 
same basic technology used in the gravitational wave 
observatories LIGO (Laser Interferometer Gravitational 
Observatory) in the US, Virgo in Europe, and KAGRA 
(KAmioka GRAvitational wave observatory) in Japan.

Originally developed by physicist Albert Michelson to 
perform experiments on the fundamental nature of light in 
the late 19th century, Michelson interferometers use phase 

shifts between light traveling along two paths to compare differ-
ences. One famous example is the Michelson-Morley experiment 
of 1887 with chemist Edward Morley, which demonstrated that the 
speed of light is the same in every direction, the first experimental 
hint of the need for a theory of relativity later developed by Albert 
Einstein. Gravitational wave interferometers detect passing dis-
turbances in spacetime from colliding black holes or neutron stars 
by how they perturb mirrors. LIGO is sensitive enough to pick 
up disturbances significantly smaller than the width of a proton.

The LRI is a slight modification of the basic Michelson design. The 
primary spacecraft sends a 1,064 nm (infrared) laser beam across 
open space to the secondary spacecraft, which reads the phase infor-
mation and locks its own laser to that phase. The secondary then 
sends that laser signal back to the primary, where a photodetector 
checks the relative power, determining the degree of interference 
between the two lasers. Thanks to the smaller wavelength of infrared 
light compared with microwaves, LRI has improved measurements 
of the separation distance fluctuations by more than a factor of 10.

The LRI is “not measuring the absolute range very precisely, 
it’s measuring fluctuations very precisely,” Klipstein says. The 
dance of the interference fringes in the photodetector tells how 
gravity causes the spacecraft to speed up and slow down relative 
to each other.

IN MOST RESPECTS, GRACE-FO’S LRI IS SIMPLER than many of 
its Earth-based analogues. LIGO and its cousins require building 
very long vacuum chambers and suspending their mirrors on triple 
pendulums to isolate them from nongravitational vibrations. By 
operating in the near-vacuum 500 km above Earth, LRI needs 
neither of those, nor does it need to compensate for the curvature 
of the planet, which in turn is one practical limitation on the size 
of ground-based gravitational wave observatories.

At the same time, GRACE-FO must deal with its own set of 
error-causing phenomena. Earth’s residual atmosphere—its  
exosphere—creates some drag even at 500 km, while pressure 
from solar radiation also generates fluctuating accelerations. 
More regularly, gravitational tugs from the Sun and Moon have an 
effect on the spacecraft that varies over the course of months and 
years. The onboard accelerometers allow GRACE-FO researchers 
to separate sources of noise from scientifically important data.

However, as Klipstein points out, the spacecraft themselves 
are also buffeted slightly by the same forces, changing their ori-
entations by a measurable amount. That isn’t a major problem for 
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the microwave ranging apparatus, which send out widely dispersing 
beams, but it does create trouble for the LRI. The lasers must follow 
a straight line from one spacecraft to the other, so the LRI equipment 
includes a mirror which the onboard computer steers automatically 
as guided by differential wavefront sensing to make sure the beams 
end up where they need to go.

“We have to scan in two degrees of freedom on both spacecraft, and 
then scan the laser frequency to get a signal on the detector,” Klip-
stein says. “Once we lock onto it, then the tracking becomes simple.”

The GRACE-FO team had been most worried about that potential 
failure point after launch, but the lasers found the other spacecraft 
almost immediately, to everyone’s relief. In fact, the LRI has per-
formed so well that similar missions in the future will use laser 
interferometers as primary instruments.

However, the primary reason for LRI was as a testbed for the 
long-anticipated Laser Interferometer Space Antenna (LISA), a joint 
project of the US National Aeronautics and Space Administration 
(NASA) and the European Space Agency (ESA). This gravitational 
wave observatory will consist of three small spacecraft flying in an 
equilateral triangle formation 2.5 million km on each edge. It will 
carry laser interferometers, built to detect many kinds of gravitational 
waves that LIGO and other ground-based observatories cannot. If 
all goes as planned, the spacecraft will launch in the early 2030s.

THE FIRST GRACE MISSION WAS, like the first Starship Enterprise, 
intended to last five years, but unlike the television show it was so 
wildly successful that it was extended to 15 years. By then, research-
ers had already scheduled GRACE-FO to minimize the gap between 
missions. Combined, the nearly 20-year set of observations benefit 
scientists like King, who need data on both short- and long-term 
trends to understand the Greenland ice sheet.

“I’m interested in measuring total mass change of the ice sheet, but 
at high temporal resolution,” she says. Specifically, in a stable climate, 
ice sheets would grow in winter and shrink in summer but maintain 
their basic size on average. “By having monthly estimates of mass 
change, we can start to pick apart the dominant processes of that 
change in that month. If we are able to see which month we observed 
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Streams and rivers that form on top of the 
Greenland ice sheet during spring and summer 
are the main agent transporting melt runoff  
to the ocean.

the greatest mass loss, we can then relate that to what 
was going on atmospherically at that time.”

King applies GRACE-FO data in combination with 
other observations to a theoretical input-output model 
that combines things like snowfall, glacier movement, 
melting, and iceberg calving. Gravitational data are 
especially powerful for her work not just because they 
reveal hidden mass changes, but because they provide 
an independent measure of ice movement in Greenland. 

“That’s super important for understanding just how 
the ice sheet mechanically works and which processes 
are dependent on each other,” she says. “Then we can 
start to understand how sensitive the ice sheet will be 
to future changes. There are methods that get detailed 
estimates of mass change, but they’re really small-scale 
studies. We’re at the point with climate change that we 
need to be able to observe ice-sheet-wide processes.”

Thanks to the successes of the LRI, the next genera-
tion of GRACE-like Earth observation spacecraft will 
have even greater precision. Though these projects are 
still very much in the planning stages (to the point where 
they don’t have official names—it’s unlikely they will 
be GRACE-FO-FO), NASA and ESA are committed to 
building them. 

Many physicists consider studies of gravity a some-
what impractical pursuit, even when, like LIGO, they 
reveal new information about the evolution of stars and 
galaxies. However, the experimental LRI placed aboard 
GRACE-FO as a test for LISA lets scientists grapple 
with climate change, the most pressing issue of this era.

MATTHEW R. FRANCIS is a gravitational physicist, 
science writer, and frequent wearer of jaunty hats. His 
website is BowlerHatScience.org.



15 YEARS OF GRACE
2 SATE LLITE S   137 M ILE S APART
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ICE LOSS M E ASU R E D

 3,400 G IGATON S G R E E N L AN D

 1,550 G IGATON S ANTARC TICA

1 GIGATON = 1  K ILOM ETE R BY 
 1  K ILOM ETE R CU B E



Toaster-sized cubesats 

are filling an imaging 

niche in the search for 

Earth-sized exoplanets

SMALL
SATELLITES

BIG

ON 30 JULY 2020, A TOASTER-SIZED SATELLITE was ejected from the 
International Space Station. The cubesat—called DeMi, short for the 
Deformable Mirror Demonstration Mission—had a tiny mirror the size of 
a postage stamp. Despite its small size, mission scientists and operators 
from Massachusetts Institute of Technology (MIT), had big aspirations 
for their spacecraft. They hoped it would blaze a path toward imaging the 
first Earthlike planets orbiting other stars. 

Such images are exceedingly difficult to obtain with any technology. Of 
the more than 4,000 exoplanets discovered in the Milky Way, most are 
known only through indirect signatures, such as with radial velocity and 
transit photometry methods. Only a few dozen have been imaged directly, 
mostly the so-called gas giant planets that are far larger than any planet 
in our solar system. 

Detecting, much less imaging, Earth-sized exoplanets, particularly 
those orbiting Sunlike stars, is nearly impossible with today’s telescopes. 
Ground-based observatories must overcome limited nighttime observing 
and combat the distorting effects of the atmosphere, whereas space tele-
scopes do not yet have the time or capabilities to discover other Earths in 
Earth-size orbits.

Given these challenges, “finding an Earth twin—a planet that’s the 
size of the Earth, orbiting a star like the Sun approximately at the same 
distance—would be a big deal,” says Mary Knapp, an astronomer at MIT’s 
Haystack Observatory. “The existing survey instruments, like Kepler and 
TESS, they’re just not built for that.”

Astronomers hope next-generation space telescopes will be able to image 
other Earths and take measurements necessary to determine their habit-
ability. But to get there, new technologies are needed. So, some groups, like 

the DeMi team, are looking to cubesats—small 
satellites built out of standardized cubes with 
10-cm-long sides. 

First developed in 1999 as an educational 
tool for universities, cubesats have received 
increased attention in the past decade primar-
ily due to commercial interests, including for 
remote sensing, communications, and technol-
ogy testing. However, their use in science is also 
increasing. They are relatively cheap, with costs 
that run a few million dollars instead of bil-
lions for some space telescopes. Cubesats offer 
greater access to space, including by universities 
and other research institutions, to gather new 
observations and test innovative technologies. 

“Cubesats fit in a sweet spot of cost and effi-
ciency,” says Ewan Douglas, an astronomer and 
assistant professor at the University of Arizona 
and payload engineer and project scientist 
for DeMi. “It’s a very plug-and-play interface 
because it’s a standard platform.” 

This standardization makes cubesats easy to 
launch and allows for commercial off-the-shelf 
parts instead of custom-designed components. 
Turnaround times are also typically a fast five to 
10 years from build to launch—much faster than 
the decades required for larger space telescopes.

In line with their educational origins, cubesats 
today are launching scientific and engineering 
careers because university students can gain 
first-hand experience working on noncrewed 
space missions. 

“With cubesats we’re actually doing cutting- 
edge science, but still, there’s that strong edu-
cational component,” Douglas says.
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SMALL
SATELLITES

DREAMS
By Mara Johnson-Groh

WITH CUBESATS 
WE’RE ACTUALLY DOING 

CUTTING-EDGE SCIENCE, 
BUT STILL, THERE’S THAT STRONG 

EDUCATIONAL COMPONENT.
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DeMi’s deformable mirror.
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optics to correct for defects and thermal distor-
tions can provide enough imaging improvement 
to see planets impossible to find with ground-
based observatories. The National Aeronautics 
and Space Administration’s upcoming Nancy 
Grace Roman Space Telescope will implement 
adaptive optics, though using a slightly different 
style of deformable mirror than that onboard 
DeMi. 

DeMi’s deformable mirror uses 140 actua-
tors—as many as could fit within the confines 
of a cubesat and enough for testing the adaptive 
optics system, but far fewer than the thou-
sands that would ultimately be needed on an 
exo-Earth-searching telescope. So far, DeMi’s 
operators have successfully demonstrated its 
adaptive optics system in space using a laser 
diode to simulate a star for the wavefront sen-
sor to detect, and they are testing the system 
on actual stars. 

“DeMi is demonstrating nanometer level 
control of the optics, which is much better than 

RESEARCHERS
ARE COMING CLOSE R TO MAKING

    CUBESATS THAT COULD
IN DE PE N DE NTLY CON DUC T

EXOPLANET RESEARCH
OR PROVIDE ESSE NTIAL SU PPORT

                 TO LARGER SPACE-BASED

OBSERVING MISSIONS.

In recent years, astronomers and engineers have 
developed new technologies to better image exoplanets 
from ground-based observatories. To compensate for 
distortions of light by Earth’s atmosphere, research-
ers have turned to adaptive optics to make real-time 
corrections. 

Adaptive optics for telescopes use two main com-
ponents: a wavefront sensor and a deformable mirror. 
The wavefront sensor detects the shape of the incoming 
light and feeds that information to the mirror. Under 
the mirror, tiny pistons called actuators slightly adjust 
the shape of the mirror’s surface, thus canceling any 
distortions of the incoming light. 

When paired with a starlight-blocking instrument 
called a coronagraph, adaptive optics have proven 
successful for ground-based exoplanet imagers. The 
Gemini South Telescope, the Subaru Coronagraphic 
Extreme Adaptive Optics on the Subaru Telescope, and 
the Spectro-Polarimetric High-contrast Exoplanet 
Research instrument at the Very Large Telescope, have 
all used such systems to image exoplanets. 

And now DeMi, funded by US Defense Advanced 
Research Projects Agency and managed by private- 
sector company Aurora Flight Sciences, is demonstrat-
ing for the first time in orbit an imaging system with a 
deformable mirror driven by a microelectromechanical 
system.

Although there are no atmospheric disturbances of 
light to contend with, “once you go into space, there’s 
still enough manufacturing defects and distortion that 
you need to actively correct the surface of the optics,” 
Douglas says.

Using adaptive optics in space can harvest big 
returns. Even a small telescope equipped with adaptive 
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The DeMi cubesat being ejected from 
the International Space Station.





The DeMi cubesat right 
before installation into the 
International Space Station 
deployer arm. 

we can do on the ground,” Douglas says. “But we’ll 
need to get into the subnanometer, even picometer 
regime, across much bigger telescopes for these 
Earthlike exoplanet missions.”

For adaptive optics to work effectively when using 
a coronagraph, a sufficiently bright star must be in 
the telescope’s field of view. This light is needed for 
the feedback system to work fast enough to make its 
measurements. In cases where such a bright star is 
not visible, ground-based observatories have used 
artificial alternatives called laser guide stars.

Laser guide stars are created by shining a laser 
into the atmosphere where it backscatters or causes 
a slight glow that can then be used by the wavefront 
sensor. For future space telescopes using adaptive 
optics, Douglas and his collaborators, led by Kerri 
Cahoy at MIT, have proposed using cubesats them-
selves as laser guide stars. A single cubesat flown 
with a major mission could help provide a bright 
reference point allowing for faster and more precise 
measurement of the telescope’s optical alignment. 
Such a cubesat could be built with technology in use 
for space laser communications. 

Telescope alignment and pointing can also be 
disrupted by external factors such as atmospheric 
drag forces, torque caused by magnetic fields, and 
radiation pressure from sunlight, all of which can 

cause a telescope to jiggle. These effects need to 
be accounted for even when using other detection 
techniques like transit photometry, which watch 
for a slight dip in light coming from a star as a 
planet crosses its face. 

“All of these things push your telescope around 
a little bit,” Knapp says. “When that happens, the 
star moves a little bit on the detector, and you can 
get a false signal.”

In recent years, Knapp has worked as project 
scientist with a cubesat mission called ASTERIA 
(Arcsecond Space Telescope Enabling Research in 
Astrophysics) that’s trying to resolve these chal-
lenges. Deployed in 2017, the ASTERIA cubesat 
primarily tested a high-precision pointing tech-
nology that could improve exoplanet detections 
by transits, which is by far the most common way 
of finding exoplanets. 

“It’s kind of like a Steadicam,” Knapp says, 
referring to the camera stabilizer mounts used for 
videography. “It’s meant to compensate for those 
disturbances and keep the starlight fixed on the 
same place on the detector consistently over time.”
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The ASTERIA system proved highly successful, making observations comparable 
to a 2-m ground-based telescope despite its only 6-cm-wide mirror. In 2020, the 
mission published a transit detection of an exoplanet twice as large as Earth, called 
55 Cancri e, making it the first cubesat mission to detect an exoplanet. However, 
even by the team’s own admission, it was a marginal result. 

To further improve exoplanet detections and implement systems like ASTERIA 
and DeMi on larger space telescopes, more tests are needed. This is precisely what 
has been prescribed for the next decade by Astro2020, a US National Academies-led 
10-year review of the field that sets the tone for future research by identifying com-
munity priorities and recommending pathways for the next great observatories. 
Past decadal surveys have kickstarted the Hubble Space Telescope and the James 
Webb Space Telescope.

Technology demonstrations in space are essential as Sylvestre Lacour, an astro-
physicist at the Paris Observatory, can attest. In 2018, Lacour and his team launched 
Picsat, one of the first exoplanet-dedicated cubesats that hoped to catch the possible 
transit of the exoplanet Beta Pictoris b. Unfortunately, its pointing system—tested 
on Earth but never flown in space—malfunctioned. Still, Picsat showed success 
in its other hardware and provided a valuable lesson on the importance of testing 
technology in space for the cubesat community. The mission also proved that a quick, 
three-year turnaround from idea to launch is possible, which could be beneficial for 
future, specific science projects where data is needed on a short timescale.

With all the cubesat technology successes and failures, researchers are coming 
closer to making cubesats that could independently conduct exoplanet research or 
provide essential support to larger space-based observing missions. For example, 
some have proposed that cubesats be dedicated to watch specific stars over long 
periods—something which is too expensive for major missions and too interrupted 
by day-night cycles for ground-based observatories. 

“You could have a smaller [cubesat] mission observing a target to make sure that 
the time of the transit is very well known,” Lacour said. “And then the big mission 
could just focus on observing during the transit.”



ASTERIA spacecraft prior to 
spacecraft launch (left). 

Image of the greater  
Los Angeles area taken by 
ASTERIA cubesat (right). 
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Supporting role cubesats, solo or in fleets, could also be used 
to better characterize stars that exoplanets orbit and thus make 
inferences about the planets’ habitability, or provide additional 
information on the exoplanets themselves. Already cubesat mis-
sions are in progress in this regard. In September 2021, the Col-
orado Ultraviolet Transit Experiment (CUTE) cubesat launched 
to study how exoplanets can lose their atmospheres.

Some researchers have also proposed using cubesats as star 
shades. In direct imaging, a physical blocker is used to hide 
the light of the host star to reveal the much dimmer orbiting 
exoplanets. This is typically done within observatories using a 
coronagraph. However, ideas have been floated that space tele-
scopes could employ a large shield flown hundreds of miles in 
front of the primary mirror. Such star shades enable better optics 
but would be unwieldy and cost valuable time and fuel. A fleet 
of cubesats might do the job instead if they can be strategically 
deployed around the main telescope.

While cubesats will never replace full-size space telescopes, 
their versatility almost ensures they will be key players in the 
future of exoplanet research. Whether it is as dedicated observ-
ers, platforms for testing, or allies for larger telescopes, cubesats 
are playing an important role in bringing us closer to finding the 
next Earth. 

“Cubesats will always be a niche, but for sure there’s a future 
to this kind of project,” says Lacour. 

MARA JOHNSON-GROH is a freelance 
science writer and photographer who 
writes about everything under the sun, 
and even things beyond it.
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SPACE AGENCIES LIKE the US National  
Aeronautics and Space Administration (NASA) 
have been launching space telescopes for 
decades, exploring the full spectrum of light, 
encompassing low-energy microwaves emitted 
from the far reaches of the known universe as 
well as the highest-energy gamma rays from 
violent stellar explosions. While telescopes 
like the James Webb Space Telescope and the 
Hubble Space Telescope get most of the press, 
a community of researchers is excited about a 
different mission: focusing on higher-energy 
light.

X-ray astronomers have developed plans 
for a new, mid-sized space telescope to add 
to NASA’s fleet: STROBE-X (Spectroscopic 
Time-Resolving Observatory for Broadband 
Energy X-rays). If funded, it will observe X-rays 
from neutron stars, the dense remnants of 
exploded stars, as well as black holes, whose 
gravity is so strong no light can escape.

“STROBE-X has the potential to touch on 
almost every area of astrophysics, from com-
ets to blazars at the edge of the universe, with 
lots of things in between included,” says Tom 
Maccarone, a physics professor at Texas Tech 
University and a STROBE-X co-investigator.

The Hubble mostly uses the visible light 
spectrum. Higher energy X-ray and gamma-ray 
wavelengths are trickier to wrangle—they tend 
to be absorbed rather than reflected by Hubble’s 
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By Briley Lewis

mirrors. One way to deal with this for lower- 
energy X-rays of 1/10th- to 1-nm wavelengths 
is to arrange the mirrors such that the X-rays 
graze past, deflecting them slightly to hit a 
detector. This is how NASA’s Chandra X-ray 
Telescope has produced many incredible 
images, such as those of leftover gas and dust 
from a supernova explosion. 

Although gorgeous photos of space are 
always delightful, imaging alone can’t answer 
all the questions about the cosmos. The objects 
in space that generate X-rays are often quite 
small and compact, and the amount of light 
they emit fluctuates. Some change on times-
cales as fast as a fraction of a second, as in the 
case of rapidly spinning pulsars. Other events, 
known as transients, pop up in a sudden, bright 
flash when something big happens, such as two 
neutron stars slamming into each other and 
then disappearing. 

One way to study these rapidly changing 
objects is with X-ray timing, in which astrono-
mers monitor and record changes in an object’s 
X-ray emission, says Paul Ray, an astrophysi-
cist at the US Naval Research Laboratory and 
STROBE-X lead investigator. X-ray timing 
requires a specially equipped telescope sen-
sitive to fast and sometimes faint variations 
in the amount of light. The Rossi X-ray Tim-
ing Explorer (RXTE), launched in 1995 and 
decommissioned in 2012, did so and found evi-
dence of the smallest black hole yet—just three 
times the mass of the Sun—yielding a greater 
understanding of how black holes interact  
with surrounding stars and gas. 

STROBE-X’s Wide Field Monitor will find new 
accreting stellar mass black holes, enabling 
techniques to measure black hole spin. In 
combination with infrared and radio facilities, 
STROBE-X can also be used to map out the 
relativistic jets by looking at lags between the X-ray 
emission from the disk and the longer wavelength 
emission from the jets. 


Striving to See the
High-Energy Sky with

STROBE-X



RXTE was big and clunky, the technology of a past era. It utilized 
large tanks of xenon gas to count interactions with X-ray photons. 
Even though it stayed operational for 16 years, its decommissioning 
left a void in the X-ray astronomer’s toolkit. Ray worked on RXTE 
as a postdoctoral fellow studying neutron stars. Similarly, Colleen 
Wilson-Hodge, an astrophysicist and STROBE-X project scien-
tist at NASA Marshall Space Flight Center, used RXTE data as a 
doctoral candidate to observe how fast pulsars spin. “It was a big, 
heavy mission,” says Ray. “It was about as much as we could do with 
technology of the time.”

Ray and Wilson-Hodge were among the US X-ray astronomers 
who began planning for a new X-ray timing space telescope in the 
late 2000s, a project known at the time as AXTAR (Advanced 
X-ray Timing Array). It would use then-revolutionary solid-state 
silicon detectors. These detectors capture precise measurements 
of high-energy X-rays, but in a fraction of the volume that RXTE’s 
gas detectors required, perfect for a new space mission where min-
imizing size and weight is paramount to keep launch costs down.

However, the Astro2010 Decadal Survey didn’t recommend an 
X-ray timing mission like AXTAR, and the project was pushed aside 
in favor of other NASA priorities. 

But after a meeting at an SPIE Astronomical Telescopes + Instru-
mentation symposium in 2016, a group of astronomers, including 
Ray and Wilson-Hodge, decided to pitch the concept to NASA again, 
this time as STROBE-X, in preparation for the Astro2020 Decadal 
Survey. NASA funded an in-depth study of how the STROBE-X 
mission would be designed. The goal was to show NASA that “here’s 
the science we can do, and why we can do it under a billion dollars,” 
says Ray. A further boost came when the recently released Astro2020 
Decadal Survey recommended a medium-sized infrared or X-ray 
mission like STROBE-X as a priority.

One of STROBE-X’s selling points to become 
NASA’s new probe is its well-developed technology, 
Ray and Wilson-Hodge say. They had already solved 
the problem of integrating silicon detector technology 
into an X-ray spacecraft in prior mission concepts 
like AXTAR and the European Space Agency’s (ESA) 
Large Observatory for X-ray Timing. As Abigail  
Stevens, a postdoctoral astronomer at Michigan State 
University and member of the STROBE-X steering 
committee, notes, “This gives us [the STROBE-X 
team] a fantastic advantage in our technical read-
iness level compared to other missions that will be 
proposed.”

The STROBE-X mission-concept study report 
details plans to use these detectors for two instru-
ments: a wide field monitor to survey the whole sky 
regularly and search for changes with 15 times greater 
sensitivity than the all-sky monitor on RXTE, and 
a large-area detector for timing high-energy X-rays 
which are 1,000 times more energetic than visible 
light.

Another critical piece of the mission comes from 
NICER (Neutron star Interior Composition Explorer), 
a small X-ray timing instrument deployed by NASA 
on the International Space Station. It demonstrated 
the power of X-ray concentrating optics, which are 
lightweight pieces of aluminum, almost like foil, that 
guide X-rays to a detector. STROBE-X has plans to 
include an X-ray concentrator array, which Ray refers 
to as “Super-NICER”—a bigger, better version of the 
original with more area to collect X-ray photons.

Altogether, the three instruments will allow 
STROBE-X to chart X-ray sources over time in 
unprecedented detail. Looking at changes across 
time in other wavelengths has revolutionized astron-
omy in the past decade, from studies of transiting 
exoplanets and nearby stars to identification of 
gamma-ray bursts. 

As leader of STROBE-X’s Science Working Group, 
Maccarone has spent the last few years figuring out 
what science results astronomers can look forward 
to from the mission and using those plans to inform 
the mission design.



STROBE-X 
WILL HELP ASTRONOMERS UNDERSTAND 

THE INTERIORS OF NEUTRON STARS, 

EXPLORE THE SOURCES OF  

GRAVITATIONAL WAVE EVENTS,

AND PROVIDE EXTREMELY PRECISE 

MEASUREMENTS OF ONE OF THE THREE 

CHARACTERISTICS OF BLACK HOLES: SPIN.
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Mirrors for STROBE-X 
(left) and NICER.

PHOTONICS FOCUS MAY/JUNE 202230



 According to the STROBE-X concept study, the mission has three 
main science goals. First, STROBE-X will help astronomers understand 
the interiors of neutron stars, which are so dense that a tablespoon would 
weigh as much as Mount Everest. In this extreme environment, scientists 
are unsure of what particle physics may be happening. STROBE-X will 
also gather data such as the sizes and spins of pulsars, a class of rapidly 
spinning neutron stars.

Second, STROBE-X will explore the sources of gravitational wave 
events, like merging black holes and neutron stars. Since 2015, LIGO 
(Laser Interferometer Gravitational-Wave Observatory) has been detect-
ing these mergers, but a great deal more can be learned from a multimes-
senger approach that captures the X-ray “sights” as well as the “sounds” 
of gravitational waves.  

Last, STROBE-X proponents are interested in black holes that aren’t 
producing gravitational waves. The telescope will be able to see X-ray  
photons emitted from matter accreting onto the black hole, which can pro-
vide extremely precise measurements of one of the three characteristics of 
black holes: spin. A supermassive black hole’s spin can reveal how it grew 
into the behemoth it is today, and spin is also critical to understanding other 
parts of the black hole ecosystem such as relativistic jets, material being 
thrown out from near the black hole at extremely high speeds.

One of the driving values of this mission is community, Ray says, and 
astronomers have contributed many different ideas for new research with 
STROBE-X beyond the mission’s main goals. “Everyone interested in 
compact objects [neutron stars and black holes, for example] should be 
interested in X-ray timing,” Ray says. Indeed, some 150 scientists, from 
stellar astronomers to particle physicists, have been added to the group, 
as shown in the long author list on the mission concept study paper. 

Stevens, also a member of the STROBE-X Science Working Group, says 
she is excited about two neutron stars in particular: Sco X-1 and Cyg X-2. 
Conveniently located in our own galaxy, these two objects are particularly 
bright and currently accreting matter, providing an excellent opportunity 
to compare accretion of matter between black holes and neutron stars. 

STROBE-X could even help search for hints of dark matter, a compo-
nent of the universe scientists know exists but can’t directly detect, says 
Chanda Prescod-Weinstein, a theoretical physicist at the University of 
New Hampshire and STROBE-X steering committee member. With its 
neutron-star-measuring prowess, STROBE-X may be able to reveal signs 
of axions, a hypothetical particle that could be dark matter, trapped inside 
the cores of neutron stars. A neutron star with axions inside would cool dif-
ferently than one made of regular neutrons, a subtle difference this mission 
might be able to detect.

With its sky-monitoring capabilities, STROBE-X 
might also provide clues to types of X-ray flashes 
astronomers don’t yet understand and other 
phenomena they can’t even imagine yet. If the 
future gravitational wave detector LISA (Laser 
Interferometer Space Antenna) finds mergers of 
supermassive black holes, STROBE-X may even 
be able to spot X-ray signs of those extreme events.

“This is something always worth thinking about 
with new missions, which is what the potential is 
for discovering something you weren’t looking for,” 
says Maccarone. “I’d argue that almost every space 
mission NASA has launched has had something 
in its prime mission highlights that wasn’t even 
anticipated at the time the mission was approved.”

There are a few other X-ray projects in the 
works, tackling other ways of observing the 
high-energy sky, such as NASA’s newly launched 
Imaging X-ray Polarimetry Explorer and ESA’s 
upcoming major X-ray imaging and spectros-
copy mission, Athena. But what comes next for 
STROBE-X? 

NASA says that the agency is moving forward 
with plans to fund and implement a new probe 
mission, particularly one that would operate in 
X-ray or infrared wavelengths. They’re particu-
larly interested in ideas that would complement 
Athena, providing other capabilities like timing. 
STROBE-X fits this bill precisely. Wilson-Hodge 
is optimistic they’ll be selected for funding in the 
next, and final, round of proposals, saying, “I’m 
excited that maybe this time we’re really going to 
get to go somewhere with it. Maybe this time will 
really be the win.”

Ray says NASA’s final decision will be made 
around 2025, ideally leading to a launch some-
time near the end of the decade. This mission, 
although it hasn’t crossed the finish line quite 
yet, has decades of history behind it and many 
astronomers supporting its journey. It’s been a 
long time coming, but that doesn’t dissuade Ray. 
“For anything of substantial scale like this, the 
ideas have to be around for a long time,” he says. 
“But when there’s an important measurement to 
be made, eventually people do it.” 

In this image of the Tycho supernova remnant, 
low-energy X-rays (red) reveal expanding debris 
from the supernova explosion while high-energy 
X-rays (blue) show the blast wave, a shell of 
extremely energetic electrons (left).

The X-ray timing capabilities of STROBE-X would 
be transformative for probing ultradense matter 
with neutron stars (right).



Photo credits: NASA/Goddard Space Flight Center (bottom left)

BRILEY LEWIS is a PhD Candidate and NSF 
Fellow at the University of California, Los 
Angeles, studying astronomy and astrophysics. 
She is a member of the Astrobites collaboration, 
and a freelance science writer. Follow her on 
Twitter @briles_34 or visit her website  
www.briley-lewis.com



LETTER FROM THE PRESIDENT

Where in the (SPIE) 
World Is Anita?2022 

IF YOU HAVE BEEN READING MY LETTERS IN PHOTONICS FOCUS, you know that 
the running theme for my notes has been Connecting Minds. As a researcher in 
biophotonics, my SPIE connections have mostly been with others in the community 
of attendees for BiOS: Biomedical Optics, and those who routinely attend Photonics 
West, including Members who work in the photonics industry.

 It was only when I started engaging in the work of various SPIE committees, that I 
started to realize how much more there is to the SPIE community beyond BiOS. Our 
Society includes members who work in astronomy, defense, sensing, smart structures, 
and more. And yet even as I have been a part of the various SPIE committees, my 
interactions with these communities have been limited. So, I have made it part of 
my mission this year to get to know and connect with SPIE constituents from these 
technical areas by attending as many SPIE conferences and exhibitions hosted glob-
ally as possible (without needing to clone myself).

My first foray into this unfamiliar territory after Photonics West was SPIE Medical 
Imaging (MI), held 20–24 February in San Diego, California. This is a smaller meeting 
that was held in-person for the first time in two years. Those who are not part of these 
communities assume that attendees for BiOS and MI are the same. And yet, in 33 
years of being a part of SPIE, I had never attended MI and really don’t know the people 
who are part of that conference’s community. This year, they were celebrating their 
50th anniversary since the inception of the conference, and I really enjoyed meeting 
old timers as well first timers there. I learned about the pioneers of the community 
who started their annual gathering, met with past and current chairs who have been 
instrumental in the success of the program, and I interacted with the rising stars who 
will continue to keep this meeting vibrant. 

The MI co-chairs are a close-knit group who have led SPIE in proceedings submis-
sion rate, and who keep moving forward with a robust succession plan for conference 
leadership. I came away with the conviction that, indeed, SPIE is about facilitating 
interactions and connecting minds regardless of the community. 

As an international society, SPIE seeks to connect minds globally through published 
works, in-person events, virtual forums, and professional development activities that 
support our community of optics and photonics. The underpinnings of these tools of 
the trade are free and open exchange of ideas, innovation in science and technology 
using light, and connecting people with like and disparate interests for the better-
ment of society. 

Big words to explain that, at its heart, SPIE is about bringing individuals from all 
over the world together to interact, network, brainstorm, and share. However, open 
exchange of ideas and free interactions between people requires a safe environment 
without fear, guilt, and boundaries. My travels will take me to Europe next, parts of 
which are in the midst of military aggression and chaos. I look forward to connecting 
with my European academic and industrial colleagues and learning about their com-
munities and progress even during what have suddenly become very difficult times.
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ANITA MAHADEVAN-JANSEN
2022 SPIE PRESIDENT



SPIE
Deadlines and Events

May
 4:  Abstracts due for SPIE Photomask 

Technology + EUV Lithography

 11: Abstracts due for SPIE/COS Photonics Asia 

 11: Manuscripts due for SPIE/RIT Photonics for 
Quantum

 16: International Day of Light

 16: SPIE International Day of Light Photo Contest 
opens

June
 1: Abstracts due for SPIE Future Sensing 

Technologies          

 6–9: SPIE/RIT Photonics for Quantum, Rochester, 
New York, USA

 15: Abstracts due for SPIE Photonex

 22: Manuscripts due for SPIE Astronomical 
Telescopes + Instrumentation

 17: Voting opens for the SPIE 2022 election

July
 1: Nominations due for SPIE Awards

 20: Abstracts due for SPIE Photonics West

 17–22: SPIE Astronomical Telescopes + 
Instrumentation, Montréal, Québec, Canada

 27: Manuscripts due for SPIE Optics + Photonics

August
 10: Manuscripts due for SPIE Sensors + Imaging, 

including: Remote Sensing and Security + 
Defence

 10:  Abstracts due for SPIE Medical Imaging

 12: Voting closes for the SPIE 2022 election 

 15: Applications due for the SPIE-Franz 
Hillenkamp Fellowship

 21–25: SPIE Optics + Photonics, San Diego, 
California, USA

September
 5–8: SPIE Sensors + Imaging, Berlin, Germany

 14:  Abstracts due for SPIE Smart Structures + 
Nondestructive Evaluation 

 18–21: SPIE Laser Damage, Rochester, New York, 
USA

 21: Manuscripts due for SPIE/COS Photonics 
Asia

 21: SPIE Photonics Industry Summit, 
Washington, DC, USA

 25–29: SPIE Photomask Technology + EUV 
Lithography, Monterey, California, USA

SPIE Awards honor the best in 

optics and photonics for significant 

achievements and contributions in 

advancing the science of light.

Honor someone in your community 

who has made a difference.

Nominations are due 
1 July 2022

spie.org/awards

Celebrate the International 
Day of Light with SPIE

Photo credit: Giancarlo Rupolo

Learn how at spie.org/idl 

International
Day of Light
16 May 
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SPIE COMMUNITY NEWS

2022 

SPIE Awards Announced
George W. Goddard Award in Space and Airborne Optics

MICHELLE STEPHENS, a physicist at the National Institute of Standards and Tech-
nology, for technical innovation, mentoring, and exceptional leadership in pursuit 
of space-based fundamental measurements of the Earth and Sun, while reducing 
technological barriers, finding unique solutions, and promoting standards needed 
to foster economic growth and technical advancement of space and airborne optics. 

The SPIE George W. Goddard Award in Space and Airborne Optics recognizes 
exceptional achievement in optical or photonics technology or instrumentation for 
Earth or planetary or astronomical science, reconnaissance, or surveillance. The 
award is for the invention and development of a new process or technique, technology, 
instrumentation, or system.

Dennis Gabor Award in Diffractive Optics

SPIE FELLOW GABRIEL POPESCU, the William L. Everitt Distinguished Professor 
at the University of Illinois at Urbana-Champaign, for groundbreaking contributions 
to holography and quantitative phase imaging for biomedical applications.

The SPIE Dennis Gabor Award in Diffractive Optics recognizes outstanding 
accomplishments in diffractive wavefront technologies, especially those that further 
the development of holography and metrology applications.

G.G. Stokes Award in Optical Polarization

SPIE FELLOW ALEX VITKIN, professor of medical biophysics and radiation oncol-
ogy at the University of Toronto, senior scientist in biophysics and bioimaging at the 
Ontario Cancer Institute, and radiation physicist at Toronto’s Princess Margaret Can-
cer Centre, for his extensive contributions to tissue polarimetry, including advanced 
methodology developments for sensitive/robust Stokes and Mueller measurements, 
polarimetric computational and analytical platforms, and biomedical applications 
ranging from cardiology and regenerative medicine to glucometry and breast cancer 
margin assessment. 

The SPIE G. G. Stokes Award in Optical Polarization recognizes exceptional contri-
butions to the field of optical polarization. The award may be presented for a specific 
achievement, development, or invention of significant importance to optical science 
and society or may be given for lifetime achievement.

Diversity Outreach Award

QAISAR ABBAS NAQVI, professor of electronics at Quaid-i-Azam University, for his 
inspirational attitude and dedication to supporting and helping to transform the lives 
of women and men from traditionally under-recognized segments of society in their 
pursuit of higher education and research in optics and related fields.

The SPIE Diversity Outreach Award recognizes an individual who has made out-
standing contributions to promoting diversity in the education, training, and partic-
ipation of women and/or minorities in optics, photonics, electro-optics, or imaging 
technologies or applications.

Michelle Stephens

Gabriel Popescu

Alex Vitkin

Qaisar Abbas Naqvi

See the entire list of SPIE Award winners at spie.org/2022awards
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2022 Optics and Photonics 
Global Salary Report 
THE SPIE 2022 Optics and Photonics Global Salary Report 
was released in January at Photonics West. It is the largest 
such study in the optics and photonics community, and this 
year marks the 12th edition of the report.

The free report is based on survey data gathered online in 
2021 from more than 3,800 people in 90 countries. 

Women comprise 21 percent of survey respondents, students, 
31 percent; fulltime workers, 18 percent; and 22 percent are 
part-time workers.

Median annual salaries reported for men ($79,497) were  
16 percent higher than for women ($68,000), an improvement 
of 28 percent over the 2021 survey. However, women report 
earning more than men in some subgroups of the survey 
including military/defense and government workers, and for 
respondents with one to five years in the workforce. 

Other key salary survey findings include the following: 
Worldwide, optics and photonics professionals earned a 
median annual salary of $78,644 in 2021, a one percent decline 
from 2020; in China, industry workers report median salaries 
have risen from ¥90,000 in 2011 to ¥250,000 in 2021, an 
increase of 178 percent; workers in Switzerland ($131,052), 
the US ($130,000), and Israel ($119,783) report the highest 
median salaries.

The survey also reveals the extent of the shift to remote work 
in the optics and photonics industry as a result of the COVID-
19 pandemic. Prior to the pandemic, only 11 percent of survey 
respondents worked half or more hours remotely. In 2021, 64 
percent of employees worked remotely at least half of the time.

Survey respondents were asked what inspired them to 
pursue careers in optics, photonics, or a related field. The 
most-frequent answer selected was “the opportunities, excite-
ment, and challenges presented by a growing field,” followed 
by “professors, teachers, or mentors” and “scientific curiosity 
about light.”

The full report is available online at  
spie.org/OPSalarySurvey2022 

SPIE COMMUNITY NEWS

Joseph W. Goodman 
Book Writing Award
SPIE FELLOW PAUL MCMANAMON, 
founder and president of Exciting Tech-
nology and technical director of the Lidar 
and Optical Communications Institute 
at the University of Dayton, is the 2022 
winner of the Joseph W. Goodman Book 
Writing Award for his 2019 SPIE Press 
book, LiDAR Technologies and Systems.

McManamon, who served as president 
of SPIE in 2006, has played an active role 
in lidar and electro-optics research and development for 
more than 40 years. He chaired the US National Academy 
of Sciences study, “Laser Radar: Progress and Opportuni-
ties in Active Electro-Optical Sensing,” and co-chaired the 
study “Optics and Photonics, Essential Technologies for 
Our Nation,” which recommended the National Photonics 
Initiative. He also served as vice-chair of the “Seeing Pho-
tons: Progress and Limits of Visible and Infrared Sensor 
Arrays” study.

“I’m thrilled by this decision and proud that another title 
from SPIE Press has been selected for this very prestigious 
award,” says SPIE Director of Publications and Platform 
Patrick Franzen. “LiDAR Technologies and Systems is the 
most comprehensive tome on the subject. The fact that it’s 
been so well-received by the community and is held up as 
the standard for the industry is not surprising.”

The Goodman Book Writing Award is presented bien-
nially and funded by J.W. and H.M. Goodman. The award 
recognizes authorship of an outstanding book in the field 
of optics and photonics published in the last six years that 
has contributed significantly to research, teaching, or the 
optics and photonics industry. This award is co-sponsored 
by SPIE and Optica (formerly OSA).

Read more at: spie.org/GoodmanBookAward2022
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Read and Publish 
Agreement for 
Hebrew University of 
Jerusalem
SPIE HAS SIGNED a Read and Pub-
lish agreement with Israel’s Hebrew 
University of Jerusalem to expand 
the global reach of optics and pho-
tonics researchers there. The univer-
sity, founded in 1918, is one of Israel’s 
leading research institutions.

The agreement, which began on 1 
January, adds unlimited, open-access 
publishing in SPIE journals to the 
Hebrew University of Jerusalem’s 
SPIE Digital Library (SDL) subscrip-
tion. Qualifying authors may publish 
in SPIE journals with no article- 
processing fees. The SDL comprises 
more than 550,000 publications cov-
ering topics ranging from biomedical 
optics and neuroscience, to physics 
and astronomy-related technology.

“The Harman Science Library and 
the Library Authority of the Hebrew 
University of Jerusalem are excited 
about this read and publish deal with 
SPIE,” said Science Library Director 
Osnat Levy. 

Read more at spie.org/HebrewUniv

SPIE COMMUNITY NEWS

SPIE Journals Add Enhanced Discoverability 
ENHANCED ARTICLE PROCESSING CHARGES (APC) are now on offer as part of 
the SPIE journal publishing program. The new APC, which can be added to any 
open-access paper accepted for publication in an SPIE journal, covers 500-word 
layperson article summaries written by SPIE partner Impact Science, enabling 
authors to share their research with a wider audience.

Plain language research summaries are powerful tools for science communication. 
They can expand the readership for a research article to include, for example, future 
funders, collaborators, or employers. Impact Science summarizes papers across all 
subdisciplines of optical sciences—from applied biophotonics and electronic imaging 
to optical physics. Article summaries can be disseminated by authors’ universities 
and corporate communication offices or shared by the authors themselves via pro-
fessional networks and social media.

The APC process helps advance the SPIE mission to partner with researchers, 
educators, and industry to advance light-based research and technologies.

Read more at spiedl.org/apc

In-person Courses for SPIE Astronomical 
Telescopes + Instrumentation
FOR THE FIRST TIME SINCE 2018, SPIE Astronomical Telescopes +  
Instrumentation, which is being held 17-22 July in Montréal, Canada, 
will offer in-person courses designed to expand professional knowledge 
and skills. 

New to this year’s lineup is Cryo-vacuum Design for Ground-Based 
Astronomy, which explains the basic principles required for the design 
of a cryogenic system.

Other in-person courses featured at the symposium will include:
• Systems Engineering and Large Telescope Observatories 
• Introduction to Applied Probability for Systems Engineers 
• Adaptive Optics 
• Modern Optical Testing 
Learn more at spie.org/SPIEAstroCourses2022
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Photo credits: Bob Chiu (top right); Pieter Musterd (bottom right)

International  
Day of Light 2022
AS PART OF THIS YEAR’S International Day 
of Light (IDL) celebration, the 2022 SPIE IDL 
Photo Contest will launch on 16 May. 

Also this year, SPIE has partnered with 
Optica and the Institute of Electrical and Elec-
tronics Engineers (IEEE) Photonics Society 
on a campaign intended to foster awareness 
of light sciences and ensure their continued 
growth for the betterment of humankind. As 
well, IDL efforts aim to inform the public about 
careers in optics and photonics, an industry 
sector experiencing labor shortages. In the 
US, there is a particular need for graduates of 
two-year technical degree programs. 

As an annual global initiative, IDL provides 
a focal point for the continued appreciation of 
light. The celebration aims to raise awareness 
of the critical role light-based technologies play 
in our lives, elevating science, technology, art, 
and culture.

Download resources and find out more at 
spie.org/idl

Celebrating the 
International Year of Glass 
DURING LAST YEAR’S UN GENERAL COUNCIL MEETING, 2022 
was declared the International Year of Glass (IYG) to underline the 
elemental material’s scientific, economic, and cultural roles. SPIE 
is among the societies and associations sponsoring the year-long 
celebration. Other supporters include universities and research 
centers, museums, artists, educators, manufacturers, and compa-
nies in 78 countries on five continents.

“Glass has been an integral part of optics since the beginning,” 
says SPIE CEO Kent Rochford. “The International Year of Glass 
celebrates the myriad applications of glass used in the optics and 
photonics that we depend on and other applications like the billions 
of specialty glass vials created to distribute COVID-19 vaccines 
around the world.  It’s a remarkable material and its impact on our 
lives is worthy of recognition.”

Among the global activities already in place are an ICG Congress 
in Berlin, a Glass Expo in China with satellite events, and art and 
history congresses in Egypt, the US, and Europe. Dedicated issues 
of international journals will be published, exhibitions are planned 
in museums that will draw upon public and private collections, and 
educational materials are being prepared for wide dissemination.

Read more at spie.org/IYG2022)
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SPIE Photonics Industry 
Summit 2022
TO RAISE THE PROFILE of the optics and pho-
tonics industry while learning more about the 
priorities of the US government in this technol-
ogy space, key government officials and optics 
and photonics industry leaders will gather on  
21 September in Washington, DC, for the first 
SPIE Photonics Industry Summit. 

The one-day forum will focus on the optics 
and photonics industry as an essential enabler 
of emerging technology. The  program will host 
US government leaders to discuss federal policy 
and funding important to the optics and pho-
tonics industry with an audience of more than 
100 company representatives. Industry repre-
sentatives will have an opportunity to present 
industry issues and help guide US funding and 
investment in optics and photonics. 

Five key fields rely on advancements in optics 
and photonics technologies: advanced man-
ufacturing, communications and IT, defense 
and national security, energy, and health and 
medicine. The value of light-enabled products 
and services is estimated to be between $7 
trillion and $10 trillion annually, which means 
photonics represents some 11 percent of the 
global economy, according to the SPIE Optics 
& Photonics 2020 Industry Report. 

For more information and to register and/or 
become a sponsor of the Industry Summit visit:  
spie.org/summit22

New Titles from SPIE Press
Handbook of Speckle Interferometry: This handbook 
helps nonspecialists understand the basic principles of 
speckle interferometry, focusing mainly on the use of 
speckle patterns with direct phase-measuring methods 
that produce an instantaneous phase.

Field Guide to Light-Matter Interaction: Provides the 
principles of light–matter interaction using classical, 
semiclassical, and quantum theories. The guide gives 
the formulas for, and descriptions of, phenomena funda-
mental to current knowledge of light–matter interaction.

Designing Illumination Optics: This tutorial is written 
to help engineers tasked with designing illumination 
optics determine where to start, which methods and 
approaches to use, and how to gain insight into the 
nature of the problem at hand. Readers will find a tool-
box consisting of a coherent theoretical background, 
a description of important optical elements and their 
function, and several design methods.

Short-Wavelength Infrared Windows for Biomedical 
Applications: Covers biomedical uses of light at the 
conventionally used first and second optical windows 
and explores emerging applications of SWIR light at 
a third and a fourth optical window (1,600–1,870 nm 
and 2,100–2,350 nm, respectively) in the SWIR range. 
The book concludes with an extensive discussion of the 
potential for artificial intelligence to enhance the ability 
to study diseases at SWIR optical windows.

Microscope Design, Volume 1: Principles: Traces 
the historical development of microscopy instruments 
from their invention to the current state of the art. New 
concepts and engineering solutions are presented for 
modern light microscopes, with a focus on the practical 
construction of optical systems. 

See more SPIE Books at spie.org/SPIEBooks

SPIE and Chinese Laser Press Announce  
New Journal, Photonics Insights 
CO-PUBLISHED BY CHINESE LASER PRESS AND SPIE, Photonics Insights is a 
peer-reviewed, Diamond Open Access, quarterly journal. The publication will cover 
the key scientific developments in the main and related areas of optics and photon-
ics, such as laser optics, quantum optics, nonlinear optics, optical communication 
and sensing, imaging, nanophotonics, and near-field optics. The new journal’s 
co-editors-in-chiefs are Lei Zhou of Fudan University, China, and Din Ping Tsai 
of City University of Hong Kong, China.

The new journal recognizes the importance of review articles for offering signif-
icant new insights based on systematic comparison of multiple studies. For most 
postgraduate study and advanced research, review articles are a premier teaching 
and reference resource and have become ‘must read’ research material in many 
fields. Photonics Insights will focus primarily on publishing review articles from 
invited authors. The first issue is scheduled for late 2022.
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Unjumble these words.

Then, solve the bonus clue at the bottom by 
unjumbling the circled letters. Snap a photo 
of your completed word jumble and send to 
photonicsfocus@spie.org. One winner, drawn 
at random, will receive a gift!

BONUS: Unscramble the letters to solve final puzzle: This type of imaging device was 
used to detect molecular hydrogen in interstellar space (two words)

Barred Spiral Galaxy NGC 6217
Photo credit: NASA, ESA, and the Hubble SM4 ERO Team PHOTONICS FOCUS MAY/JUNE 2022 39



Reflections
San Francisco, California-based artist Michael Blackford 
experimented with lighting to create this image of an 
inverted crystal decanter, a blue marble, and a plastic straw.

Photo by: Michael Blackford

 

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.
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21–25 August 2022
San Diego Convention Center
San Diego, California, USA

PLAN TO 

ATTEND

Register today 
spie.org/op

Connect in person 
in San Diego

Reconnect with your colleagues  
and discuss advancements in  
optical engineering and applications, 
nanotechnology, quantum science,  
and organic photonics.

Join your peers in San Diego and help 
create the future of optics and photonics.


