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Extending the flavor frontier
— strange and charm quarks in nuclear matter —
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From December 1, 2017,

I have started working at
the Advanced Science Research Center as part of the
Leading Initiative for Excellent Young Researchers
(LEADER) program. The aim of this program is to
“create an environment in which young researchers
can advance research with autonomy and stability”
and I am very delighted and thankful knowing that
I will be provided with such an environment here at
JAEA.

I am of Swiss origin, and came to Japan for the first
time during my high-school years as an exchange
student. Later, I continued to stay in Japan, where I
received my whole academic education. After getting
my PhD at the Tokyo Institute of Technology, I
worked as a postdoc at RIKEN, ECT* (Trento, Italy),
Yonseil University (Seoul, South Korea) and Keio
University, after which I started to work at JAEA.

I am a theoretical physicist and my physics interests
center around the strong interaction (Quantum Chromo
Dynamics, QCD), which binds together the elementary
particles called quarks to form hadrons. Quarks have
to property of “confinement” , which means that they
usually do not exist alone, but can only be observed
inside hadrons. However, in an extremely hot or dense
environment, confinement is lost and a gas made of

quarks and gluons, which are particles that mediate
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the strong interaction between quarks, is formed.
This state is known as the quark-gluon plasma and is
believed to have existed in the early universe after the
big bang or inside of neutron stars, where neutrons
form a state of very high density.

I' m interested in the behavior of hadrons in such
a hot or dense environment and in understanding
to which mechanism this behavior is related. In this
context, studying hadrons with various contents can be
especially helpful. According our present understanding
of elementary particle physics, 6 types of quarks exist
in nature. While matter that constitutes our world
is made mainly from u (up) and d (down) quarks,
which have a relatively small mass, a state of high
temperature or density will include particles with a
larger variety of quarks.

The s (strange) quark for instance is about 25 times
heavier than the u and d quarks and therefore is much
less abundant in nature. However, states including
strange quarks such as hyperons or exotic particles
with 4 or more quarks can have consequences for the
properties of astrophysical objects such as neutron
stars. The ¢ (charm) quark on the other hand is more
than 10 times heavier than the strange quark and can
thus normally only be produced in collider experiments,
where nuclei are accelerated to velocities of more than
99.9% of the speed of light. Once it is produced, it can
however be highly useful as a probe for the quark-
gluon plasma formation and has therefore been studied
intensively.

The above examples show that considering strange
and charm quark types (flavor) can lead to novel and
interesting phenomena and help not only to deepen our
understanding of the theory of the strong interaction
(QCD), but also to study the behavior of matter in an
extremely hot or dense environment. It is therefore

desirable and important to study their implications in
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detail and hence to extend the flavor frontier in hadron
physics.

One of the great advantages of working at JAEA in
Tokai-mura is the proximity to the J-PARC facility,
at which a number of experiments, that are directly
related to my theoretical research, will be performed. I’
m particularly interested in the modification mesons,
which are particles made of two quarks, in nuclear
matter. In one of my recent work, I have shown that
a potential mass shift of a particular meson is directly
related to the number of strange quarks of the nucleon
[1], which is an important parameter for dark matter
searches. Furthermore, I have also studied the details
of the spectral modification of this meson [2,3]. The
accuracy of my theoretical prediction will be tested at
an experiment at the J-PARC facility and I am very
much looking forward to many fruitful discussions with
the experimental colleagues at JAEA who are related
to this experiment.

Besides doing research as described above, I
am furthermore hoping to be able to expand and
strengthen international collaborations between
members of the Advanced Science Research Center
and researchers from around the globe, by inviting
international colleagues who work in the same field and
helping to organize international workshops.

To conclude, I am looking forward to working at
JAEA, to a lot of interesting physics and to many

enjoyable and fruitful discussions!
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