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Towards establishment of kaonic nuclear bound states
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I am Tadashi Hashimoto,
a member of the hadron
nuclear physics group in
ASRC. It's been more than 2
years since 1 got a position here as a part of the Leading
Initiative for Excellent Young Researchers (LEADER)
program. I did my Ph. D in the physics department of the
University of Tokyo in 2014, and then spent 3 years at
RIKEN as a post-doctoral researcher. From April 2017,
I joined the hadron group in ASRC receiving the JSPS
Research Fellowship for Young Scientist at first, and the
present LEADER program started in November 2017.

I have been working on a series of experiments using
K™ beam at J-PARC HEF. It was 2009 when J-PARC
delivered the first K~ beam to the HEF, which coincided
with my first year of research career as a master student.
Since then, I have stayed in Tokai as much as half of each
year to prepare and perform experiments. Perhaps, I am
one of the most active and longest staying users in the
HEF. In proceeding with my experiments, it is of great

advantage to have a position here in ASRC which is on
the same campus as J-PARC.

While the main projects of the group in ASRC have
been related to hyper nuclei, nuclear states with baryon(s)
containing one or two strange quarks, at the K1.8 beamline
in J-PARC HEF, I am working at another beamline
K1.8BR, focusing on anti-kaons, which contain a strange
quark yet are mesons made of a quark anti-quark pair.
They are known to mediate the nuclear force between
nucleons as “virtual particles” , as a Nobel prize laureate,
Prof. Hideki Yukawa predicted it long before. Mesons can
also be created as “real particles” in the vacuum, by using
an accelerator as we use a meson beam at J-PARC. What
about putting a “real” meson inside a nucleus? Because
pions, the lightest meson, interact repulsively with nuclei,
they do not have a nuclear bound state. Anti-kaons, on the
other hand, are known to interact attractively with nuclei,
so it is natural to expect the existence of nuclear bound
states, although this does not mean that we can observe
the states by an experiment. In this context, I am trying
to understand whether or not anti-kaons can form nuclear
bound states, how kaons behave in a nuclear medium, and
how kaons change their properties in a nuclear medium.
More fundamentally, these studies could lead us to
reveal “origin of hadron mass”, “equation of state at high
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density”, and so on.

We have two major approaches for the research; one is
a direct search experiment of an anti-kaon nuclear bound
state, and the other one is X-ray spectroscopy of kaonic
atoms which are Coulomb bound states of a negatively
charged kaon and an atomic nucleus. The direct search
experiment, if one succeeds in observing a nuclear state
clearly, it will provide us rather direct information in the
nuclear medium. However, it is experimentally difficult
to discriminate the state because the decay width is
expected to be very large. In fact, there have been many
experimental searches of kaonic nuclear bound states
all over the world in these 2 decades, resulting in no
convincing observation. Recently, in an experiment at
J-PARC, we finally obtained convincing signals by using
a simple reaction with a wide detector coverage of the
kinematical region [1]. We discovered “K pp”
bound state of a K* meson and two protons. Now we are
planning a major detector upgrade to perform systematic
experiments, so that our “discovery” could be established
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firmly.

X-ray spectroscopy of kaonic atoms proves the
interaction at the threshold energy and around the
surface of a nucleus only. Its advantages are that analysis
of the experimental data is straight-forward and a high
precision measurement is possible. Systematic precision
measurements are important as complementary data
to the kaonic nuclear bound state search experiment.
We have developed an experimental technique to use a
novel cryogenic X-ray detector, a transition-edge-sensor
microcalorimeter (TES) in the hadron beam environment
[2]. TES has a more than one order of magnitude better
energy resolution compared with a traditional semi-
conductor X-ray detector. We measured X-rays of kaonic
helium atoms in 2018, which is expected to strictly
constrain theoretical models of the strong interaction
between anti-kaon and nucleus.

Our TES detector system has been developed in
National Institute of Standards and Technology (NIST)
in the United States. For the moment, our application
technique is quite unique. We would like to take advantage
of not only the excellent energy resolution, but also a
relatively wide dynamic range and a portability of the
system for various fields of sciences. We already started
new projects using the same TES detector system used
in the kaonic atom experiments. They include muonic
atom X-ray spectroscopy at J-PARC MLF to study QED
under strong electric field, and X-ray absorption fine
structure measurements at SPring-8 for geochemistry
and environmental chemistry. We will further extend the
applications and the interdisciplinary collaboration.

In this essay, I have shortly described my activities,
which are ongoing with collaborators mainly from my
previous affiliation in RIKEN. From now on, I hope to have
more opportunities to work with people in ASRC. It would
be great if the synergy of sciences and techniques brought
by each could produce something new and exciting.
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