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The basic rules of quantum
physics are now understood for
100 years. Since their discoveries,
researchers are exploring how to
use these new rules to build novel
quantum devices. This led to a first
“quantum revolution”, culminating
with the invention of the laser
or the transistor, that drastically
changed our society. Since then,
research in quantum physics have
kept progressing at an ever faster
pace, and we are now on the verge
of a “second quantum revolution”
where we have more ideal quantum
systems (Nobel Prize 2012), such
as superconducting circuits or
individual particles (electron, atom,
ion, molecules), and use more
advanced quantum properties such as
“quantum superposition”, “quantum
entanglement” (Nobel Prize 2022)
to build a new generation of quantum
machines. My research, during my
PhD in France (2015-2018) and as
an Assistant Professor at IMS (2019-),
is on manipulating individual atoms
with laser beams for building a
quantum computer, atom by atom.

In France, in the group of Prof.
Antoine Browaeys, | learnt how

to control the position of atoms

with many optical tweezers. The
optical tweezer, invented in the
70s by Prof. Ashkin (Nobel Prize
2018), is maybe much more known
as a tool to manipulate biological
objects (cells, DNA, ...). But it
is also possible (and this was the
original target of the invention)
to capture individual atoms in it.
Using optical technologies, such
as Fourier optics and holography,
we can create several hundreds
of optical tweezers, and in each
of them we can catch a single
atom! This experimental platform
(cold-atom in optical tweezers)
is an amazing tool to explore the
behavior of quantum physics and
turn it into new technologies. The
trickiest point of this system is that
atoms are quite far away from each
other’s (a few microns) compared
to their size (0.1 nm). So, these
atoms do not normally “feel” each
other (they do not interact) and this
artificial quantum system does not
generate quantum entanglement,
which is (together with quantum
superposition) one of the unique
properties of quantum mechanics.
The trick for making atoms

“feel” each other is to inflate them

by a factor of ~1000 into gigantic
atoms that we call Rydberg atoms.
We take a valence electron of an
atom and, using a laser beam, send
it to an extremely large orbital (a
Rydberg orbital). Consequently,
these giant atoms can now feel
each other and generate quantum
entanglement. In turn, the quantum
entanglement can be used for
various quantum applications, such
as operating a quantum computer.
After coming to IMS, in the
group of Prof. Kenji Ohmori,
I develop a completely novel
approach to excite atoms to Rydberg
states and generate entanglement.
The “usual” approach is to use
weak, continuous-wave, lasers
to excite the valence electron.
However, the long expertise of
the Ohmori-group is into using
strong and short laser pulses to
manipulate atoms and molecules.
So I developed a “new” approach
by learning how to use these
ultrashort, picosecond-long, laser
pulses to efficiently excite atoms to
Rydberg states. Because the pulses
are so short, we can generate the
entanglement between Rydberg

atoms on a much faster timescale,
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which is more than 100 times faster
than demonstrated so far.

I believe that these results,
recently published and covered in
Nature Photonics (2022), mark
the birth of a new kind of coherent
control of atoms for quantum
application: “ultrafast Rydberg
quantum engineering”.

I am grateful and honored
to have received the 12 Young
Scientist Award of the NINS to
celebrate these results. I would like
to express my joy to work everyday

at IMS, together with a team of
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extremely motivated and bright
researchers, students, engineers
and administrators. Results in

experimental physics are always

obtained thanks to the collaborative
work of many individuals, so thanks
to all of you.

(Sylvain de Léséleuc =C)
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