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quantum levitation and suppress friction 
in nanomachines. 

Can you describe the process that 
led to the invention of the QCL?  

The process was a gradual one. Ideas 
like this do not occur like a light bulb 
suddenly turning on. Rather, it was the 
culmination of a number of innova-
tions that led to the final invention. My 
collaborator Jerome Faist and I started 
off knowing that the QCL would have to 
be based on resonant tunneling, due to 
some previous significant research that 
proposed a way to use this phenomenon 
to emit photons. 

The image we had in mind was of 
an electron tumbling down an energy 
staircase made of a particular nanostruc-
tured material, designed in a certain 
way. As the electron tumbles down the 
stairs, it emits a laser photon at each 
step. The whole idea of this staircase was 
to find a way to design a structure that 
would make a new laser using state-of-
the-art quantum well materials made 
by molecular beam epitaxy (MBE). The 
QCL would not have happened without 
the 15-year collaboration between Alfred 
Cho, who pioneered MBE, and me.

F ederico Capasso of Harvard 
University is best known for his 

co-invention of the quantum cascade 
laser in 1994 with his colleagues at 
Bell Laboratories. He began his career 
as a post-doc at Bell Labs in 1976 and 
worked his way up to vice president of 
physical research by 2000. In 2003, 
he left Bell Labs to join the faculty in 
the School of Engineering and Applied 
Sciences at Harvard, where he currently 
leads a group that studies nanophotonics, 
metamaterials, quantum electrodynamics 
and related areas. In 2005, Capasso won 
the King Faisal International Prize for 
Science. At that time, he was cited as 
“one of the most creative and influential 
physicists in the world.”

What will you cover in your  
CLEO plenary talk?

I will review the state of the art of quan-
tum cascade lasers (QCLs), from the 
underlying basic physics through device 
design and eventually all the interesting 
applications that have spawned from its 
invention. The QCL is considered an 
enabler of mid-infrared photonics, in 
particular due to its compact size and its 
ability to cover almost the entire infrared 

spectrum—from a few microns to 
hundreds of microns—by tailoring the 
thickness of its layers.

What is your greatest  
achievement so far?

The demonstration and invention of the 
QCL is most important. This research 
falls into the broad category of nanotech-
nology and, in particular, the quantum 
design of manmade structures. Of my 
more recent work at Harvard, I am  
particularly proud of our first measure-
ment of the repulsive Casimir force— 
an elusive force due to quantum fluctua-
tions of the electromagnetic field that 
could one day be harnessed to achieve 

The QCL is currently 
being developed for 
chemical sensing and 
trace gas analysis, 
such as environmental 
monitoring, combustion 
diagnostics and homeland 
security applications.”

“

Courtesy of Federico Capasso



OPN June 2009 | 15

Have any of the QCL’s current  
uses surprised you? 

In the early 1990s, this was blue sky 
research. We had absolutely no clue that 
this could have had the impact that it 
is having. Once we developed the QCL 
at Bell Labs, we gave the lasers away in 
droves to researchers at other institu-
tions, so they could tell us what the 
potential applications 
could be.  

It turns out the appli-
cations are wide-ranging. 
For example, chemists 
found they could use it 
for ultrasensitive spec-
troscopy of gases, since 
they were looking for a 
broadly and continuously 
tunable compact laser 
that could work at room 
temperature. In addition, 
scientists have routinely 
flown QCLs in the atmosphere to detect 
trace gases that affect climate. The QCL 
is currently being developed for chemi-
cal sensing and trace gas analysis, such as 
environmental monitoring, combustion 
diagnostics and homeland security appli-
cations, to name a few. In the future, we’ll 
see it used for breath analysis as a non-
invasive, real-time, highly sensitive and 
selective medical diagnostics technique. 

What’s next for  
photonics research?

It is difficult to predict where technolo-
gies developed out of optics research 
will go because there are economic, 
social and political factors that affect 
which technologies will ultimately make 
it to the market. I see nanophotonics 
as an area that is extremely rich for 
applications.

Not long ago, you switched from 
industry to academia. What 
prompted the change?

I was at Bell Labs for 27 years. I realized 
at some point that I couldn’t stay at one 
place my whole life. The opportunity 
to work at Harvard is exciting in that 
it allows me to do broader work in a 

larger group and to work with bright 
students—which I find energizing. I  
do seek out ties with industry because 
 these collaborations provide access  
to interesting new problems of which  
one is often not aware in an academic 
environment. Fewer companies today 
are doing long-term research, but they 
still have problems that need to be 

solved through that 
research; universities 
can fill that gap so that 
everybody wins.  

For students study-
ing physics, what 
area of research has 
the greatest need  
for young minds?

I do not think there is 
one field that is more 
important for young 
researchers to enter 

than any other. There are so many 
interesting problems to solve without 
putting a label on the various fields of 
research. The divisions between fields 
are crumbling down, with basic and 
applied research becoming less distinct 
from one another, and interdisciplin-
ary research across all fields of science 
becoming more important. It doesn’t 
matter if a student is an engineer, physi-
cist, biologist or chemist; what we need 
are bright young minds who can solve 
important problems in any field.

What inspired you to  
study physics?

When I was 7 or 8 years old, my father 
gave me a book about physics written 
by a famous science writer in the 1950s. 
After I read that book, I became hooked 
on physics and never changed my mind 
about my career path. I don’t think I even 
had a particular talent in science; I just 
fell in love with the ideas of physics. t

Federico Capasso will be a featured plenary 
session speaker at CLEO/IQEC 2009 in Balti-
more, Md., U.S.A., from May 31 to June 5.  

Angela Stark (astark@osa.org) is the public rela-
tions specialist at OSA.

The divisions 
between fields are 
crumbling down, 
with basic and 
applied research 
becoming less 
distinct from  
one another.”

“
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controlling the entanglement of as many 
as possible quantum systems coding 
quantum information, and there are true 
hopes of revolutionary applications.

Your presentation focuses on 
Bell’s theorem. When did you first 
become interested in that?

In 1974, I had just returned from three 
years of teaching in Cameroon (for my 
military service) and was looking for a 
Ph.D. topic that would excite me. It had 
to be something at the frontier between 
optics and quantum physics. Christian 
Imbert, a young professor at Institut 
d’Optique, handed me a file that he had 
received from d’Espagnat about testing 
Bell’s inequalities. The first paper in the 
file was John Bell’s famous paper: “On 
the Einstein-Podolsky-Rosen Paradox,” 
Physics 1, 195 (1964).1 The paper very 
clearly showed that it was possible to 
settle, experimentally, a debate between 
Einstein and Bohr about the interpreta-
tion of quantum mechanics that had 
been started 40 years before. 

Reading that paper was a true shock 
to me. As Nicolas Gisin, who experi-
enced the same feeling, said: “It was like 
love at first sight.” It seemed to me the 

F rench physicist Alain Aspect has 
worked in the field of quantum 

optics since 1974. Early in his career at 
Institut d’Optique, he began conduct-
ing experiments on the foundations of 
quantum mechanics, by testing Bell’s 
inequalities with pairs of correlated pho-
tons. They culminated with his conclu-
sion in 1982 that quantum mechanics 
was correct in its description of quantum 
entanglement—a finding that paved 
the way for modern quantum physics 
research. 

This work also led Aspect and col-
league Philippe Grangier to develop 
the world’s first single photon source—
which allowed them to perform clear-cut 
experiments on wave particle duality for 
a single photon. He later worked with 
Claude Cohen-Tannoudji, who went 
on to win the 1997 Nobel prize, on 
laser cooling of atoms at Ecole Normale 
Supérieure (ENS). Since 1992, he has 
led the atom optics group at Institut 
d’Optique. In 2005, he won France’s 
highest scientific research award, the 
CNRS Gold Medal, and just last month 
he received the prestigious Senior Prize 
for Fundamental Aspects of Quantum 
Electronics and Optics from the Euro-
pean Physical Society. He is a plenary 
session keynote speaker at this year’s 
CLEO/IQEC, which takes place in Bal-
timore from May 31 to June 5, 2009.

What will you discuss during your 
CLEO/IQEC plenary presentation? 

I want to share my fascination about 
the quantum weirdness of entangle-
ment, as it is so clearly evidenced by the 
violation of Bell’s inequalities with pairs 
of entangled photons—a wonderful 

example to introduce an audience to the 
subject and show it in real experiments, 
not only abstract discussions. But I also 
want to share my excitement when I 
see that what was once only a matter 
of debate about the foundations (or the 
interpretation) of quantum mechanics 
has turned into potential applications, 
such as quantum cryptography and 
quantum computing. 

Looking back at the history of 
quantum mechanics, we can distinguish 
different periods. The first quantum 
revolution, which took place in the first 
half of the 20th century, led to the tran-
sistor and the laser; this revolution was 
based on a weird quantum concept—
wave-particle duality—that applies to 
single particles (even if there are many 
of them). Half a century later, Bell’s 
theorem opened a new quantum era, by 
stressing the weirdness of entanglement 
of two particles—a concept different in 
nature from wave-particle duality. After 
the contribution of Greenberger, Horne 
and Zeilinger, which generalized Bell’s 
approach to more than two entangled 
particles, it became clear that multiple 
particle entanglement may be a resource 
for quantum computing. Nowadays, 
many groups in the world work hard at 
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most exciting unsolved problem I had 
read about. In the same file, there was 
the paper of Clauser, Horne, Shimony 
and Holt that proposed a scheme in 
optics to test Bell’s inequalities, as well 
as the papers presenting the pioneering 
experiment by Clauser and Freedman in 
Berkeley. I immediately decided that I 
would do an experiment in that domain. 
I just had to find a scheme that went 
beyond what had been realized by these 
pioneers. The idea came from the same 
Bell’s paper: It emphasized the impor-
tance of enforcing Einstein’s relativistic 
causality by preventing any possible link 
between distant measurements (assum-
ing nothing travels faster than light). I 
found a possible solution to that chal-
lenge, went to Geneva to meet John Bell 
and test my idea, and, after his clear 
statement that it was a crucial feature to 
implement in the tests of his inequalities, 
I embarked on a project that occupied 
eight years of my life.

Which has been the most exciting 
breakthrough that you’ve made?

That’s a hard question to answer. My 
first spontaneous reaction is to recall my 
observation in real time of the violation 
of Bell’s inequalities with measurements 
that were strictly separated in the rela-
tivistic sense. It remains present in my 
memory as if it was yesterday.  
On the other hand, like any scientist, I 
am always excited by a world premiere. 
At the moment it is the observation 
of Anderson localization of ultra-cold 
atoms, in a field new for my team. Look-
ing again back to the past, I also recall 
vividly the excitement that we had, with 
Claude Cohen-Tannoudji and the rest 
of the team at ENS, when we observed 
for the first time, in 1988, laser cooling 
of atoms below the one photon recoil; 
we broke that “limit” almost at the same 
time that Bill Phillips was breaking the 
so-called “Doppler cooling limit.” More 
recently, my collaborators observed the 
first Bose-Einstein Condensate of meta-
stable helium, a tour de force equivalent 
to juggling with almost fully unpinned 
grenades; this is also a landmark in my 
memory.

What are your current research in-
terests as part of the Atom Optics 
Group at l’Institut d’Optique?

One area we are interested in is using 
atoms to revisit phenomena that have 
been milestones in the development of 
photonic quantum optics. It is an oppor-
tunity to explore analogies and possible 
applications, as in the case of atom lasers, 
but also differences, or additions. For 
instance, we have observed and studied 
the Hanbury Brown and Twiss Effect 
not only with bosonic atoms, which 
are analogous to photons, but also with 
fermionic atoms, for which there is no 
photonic analog. 

Another line of investigation, in 
which we have recently embarked, is the 
exploration of condensed matter prob-
lems through the use of ultra-cold atoms 
that are placed in well-chosen situations, 
analogous to electrons in similar situa-
tions. The goal is to realize true quantum 
simulators for models envisioned for 
decades by condensed matter physicists, 
but hard to test directly with electrons.

What’s hot right now in quantum 
atomic optics? Any predictions for 
the future?

The study of strongly correlated systems 
of ultra-cold atoms, simulating difficult 
“many-body” problems of condensed 
matter, or even realizing new situations 
in condensed matter, seems to be a very 
promising field. Revisiting with atoms 
the various milestones of photon-atom 
optics may lead to surprises beyond 
direct analogies. It will certainly offer 
tools useful in the field of quantum 
information. And one should not forget 
that applications of atom optics are 
likely to come of age, in particular in the 
domain of gravitational and inertial sen-
sors based on atom interferometers.

You’ve expressed an interest in 
linking fundamental and applied 
research. Why do you think it’s 
important to have a balance 
between the two?

Although there are noticeable excep-
tions, scientists who make initial basic 

contributions do not necessarily have the 
qualities needed to develop applications, 
and vice versa. It is thus crucial that both 
categories of scientists learn about each 
other’s results. A good solution is that 
they are located in the same institution, 
as is the case at our Institut d’Optique in 
Palaiseau.

You’ve given a number of talks 
and contributed to books aimed 
at the lay public. What is the most 
difficult thing about doing this?

Honestly, I do not find it to be so dif-
ficult. I try to talk to the public as I do 
with my non-scientist friends when they 
ask me explanations about science. The 
most important thing is to select only a 
small number of points to be explained, 
and drop many others. Nobody is able to 
receive more than a certain quantity of 
information at a time.

What inspired you to become  
a scientist?

The books of Jules Verne were very 
important to me. I was particularly 
engaged by The Mysterious Island, in 
which a group of shipwrecked people on 
an island reconstitute a fully civilized 
world within a few years by using scien-
tific and technological knowledge. The 
book resonated with my strong belief in 
the power of science and technology to 
improve the human condition—it’s an 
idea that goes back to the Enlightenment 
philosophers and was transmitted to me 
through my parents and schoolteachers.

Alain Aspect will be a featured plenary 
speaker at CLEO/IQEC 2009 in Baltimore, 
Md., U.S.A., from May 31 to June 5.

Angela Stark is the public and government rela-
tions specialist at OSA.
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