J-PARC C&

=\ = [ — |

X B =

S5

J\ANOV[RF - /\/(}\ V@w 7

Study of the hyperon atom and hypernucleus,
created by J-PARC
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I started research

work at the hadron

nuclear physics group in (Y
ASRC in December 2018

supported by the leading initiative for excellent young
researchers program. My research work is based on
experimental studies at J-PARC. I appriciate giving
me opportunities to work at an on-site laboratory in a
favorable enviroment, which allows me to concentrate
on research work.

After getting my PhD at the Tohoku University, I
worked at KEK IPNS before coming to ASRC. Because
I started experimental research at the J-PARC hadrom
experimental facility (HEF) from 2009 when the facility
started beam operation. So I can say I m one of the
oldest users of the facility. I feel happy to be allowed
to continue my research work at the world s highest
level proton intensity accelerator, J-PARC.

My research subject is atomic and nuclear systems
containing the strange quark which is the third lightest
quark of all quarks, in addition to up and down quarks.
Protons and neutrons (nucleons) form a nucleus by
the strong nucleon force, which has features of the
existence of repulsive core, the strong spin orbit
interacion and “the charge symmetry (a symmetry
where protons and neutrons are treated as the same).
The origin of these features is not well understood so
far, while these play quite inportant roles in forming
matter. With the aim of understanding the origin of
these features, by extending “the nucleon force” to
“the baryon-baryon interaction”, hyperons (baryons
having strange quarks) are generated in the laboratory
to study the forces between hyperon and nucleons or

between hyperons each other.
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Main methods of my research work are gamma- and
X-ray spectroscopy of hypernuclei (hyperons bound
nucleus) and hyperon atoms, to measure differences of
the system before and after putting hyperons. Because
these systems can be generated effectively using high
intensity kaon- (a meson which has a strange quark)
beams available in the J-PARC HEF, it becomes
possible to apply gamma- and X-ray spectroscopy
methods to these systems. Recently, our reasarch field
Is gaining momentum by increased experimental data
reported from J-PARC HEF. I will accelerate these this
momentum with the two approaches described below.

The first approach is gamma-ray spectroscopy of
hypernuclei in which a lambda particle, the lightest
hyperon, is bound. We can extract the strength of
spin dependent force between a nucleon and lambda,
from the excitation energy of hypernuclear states
generated by combination of spins of the nucleon
and lambda. This method was successfully applied to
the system with the energy accuracy of better than
a few keV by using Ge detectors. Furthermore, the
gamma-ray spectroscopy is powerful tool to study “the
charge symmetry’. In my previous study of gamma-
ray spectroscopy of “4 lambda He”, we found 300
keV difference in the first excitation energy from the
mirror pair, ‘4 lambda hydrogen” [1]. It is interesting
that the charge symmetry is broken by introducing
a lambda while the symmetry keeps well in a normal
nucleus. This experimental result has surprised
researchers studying on hypernuclear structures and
has promoted reconsideration in understanding of
the lambda-nucleon interaction. The effect of “lambda
particle - sigma particle” mixing in nuclear matter,
may be the key to the mechanism about the charge
symmetry breaking, and is therefore the important
subject to be understood. Studies focused on the charge
symmetry breaking will provide important probes
for this purpose. In future, we will apply gamma-
ray spectroscopy for mirror pairs other than the
(number of baryons) A = 4 system, by introducing a
new technique to generate and identify neutron rich
hypernuclei. A note is that the identification methods
for such neutron rich hypernuclei are more difficult
than those for proton rich hypernuclei. In present, I
m working on developing apparatus for the such next

measurements.
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The second approach is X-ray spectroscopy of
“hyperon atom”, in which a negative charged hyperon
is bound in atomic orbits. In the orbit with a short
distance between hyperon and nucleus (nucleons), not
only an effect of the Coulomb interaction, but also of
the hyperon-nucleon strong interaction appears as an
energy shift in the atomic level. Because such X-ray
spectroscopic technique of “hyperon atom” enables
to extract information of baryon-baryon interaction
around nuclear surface, the overall picture of the
“baryon-baryon interaction” will be understood by
combining the X-ray data of “hyperon atom” and
the “hypernuclear” data (in which hyperons bound
in deep inside the nucleus). In my research, Xi-atom,
in which a negative charged Xi particle (having two
strange quarks) would be bound, is focused on. No
experimental report of X-ray measurement on Xi-atom
exists so far, because of the difficulty in generating a
system containing multi strange quarks. We are aiming
for the world" s first measurement of X-ray from Xi-
atom with high statistics, taking advantage of the high
intensity kaon beams at J-PARC. I'm now working
on preparation for the measurement which will be
realized in 2021.

These experimental studies have been carried
out with collaboration of about 50 researchers from
research group of international universities, KEK and
JAEA-ASRC, for promoting researches at J-PARC.
I want to play a key role in such collaborations for
the future measurement, with utilizing my former

experiences at the university, KEK, and ASRC.
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