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A Journey Through the Wonders of Physics with Atomic Nuclei



Brief personal history

Main research field:  Nuclear Theory

1988: Born in Tokyo, grew up in SatteCity in Saitama

2006-2010: Tokyo University of Science (BSc)

2010-2015: University of Tsukuba (MSc-PhD)

Apr. 2015-Aug. 2017: Warsaw University of Technology, Poland  (Postdoc)

Sep. 2017-Dec. 2017: University of Washington, USA  (Postdoc)

2003-2006: InagakuenPublic High School

Cherry blossoms

in SatteCity

Jan. 2018-Mar. 2021: Niigata University  (Assistant Professor, tenure track)

Apr. 2021-Present: Tokyo Institute of Technology  (Associate Professor)
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Physics deals with everything in nature..
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Atom (~10-10m)

Nucleus

(~10-14m)

Electron: negatively chargedφ

Proton: positively charged

Neutron: electrically neutral

˴

The size of an atomic nucleus

An atom is a really small object..

An ant ~ 1/1000 of a human

Ÿ A pollen ~ 1/100 of an ant

Ÿ A protein ~ 1/1000 of a pollen

Ÿ An atom ~ 1/100 of a protein!!

m m˷10˶ 4
Size of an atom Size of an atomic nucleus

An atomic nucleus is even more smaller!!



A famous example (in Japan) is
άŀ Ǉƛƴōŀƭƭ ƭƻŎŀǘŜŘ ŀǘ ŀ ōŀǎŜōŀƭƭ ŦƛŜƭŘέ
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Around your universityé

Guys at the university
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Guys at the university
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~13,000km

~1.3km

Size of a university campus
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Takeaway message

Nuclear physics is ubiquitous:

It has highly transdisciplinary character,

connecting different scales of physics in the Universe!



Fromquarks to atomic nuclei



Standard model of the elementary particles
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1st gen. 2nd gen. 3rd gen.
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Gauge bosons

Gluons

Photons

W˶, Z0 bosons

Strong force

EM force

Weak force

Higgs boson

V Elementaryparticles: fundamental particles without structure

V Four forces: strong, weak, electromagnetic, and gravitational forces

V Particle physics explores an ultimate theory of the Universe



Quark Gluon Plasma (QGP)

Density

Temperature

Hadrons

Atomic 

Nuclei

Left figure:https://www.bnl.gov/newsroom/news.php?a=24281

The QCD phase diagram

Early universe

Neutron Stars

From quarks to hadrons
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Baryons

ü A nucleon(proton or neutron) 

is a baryon.

Mesons

du

E.g.

E.g. Pion( +́)

V Hadrons: composite particles of quarks

V Exploring the evolution of the 

Universe through high-energy 

nuclear experiments

V Quark matter in NS core?

Ÿcolor superconductivity



Not this ñhigh energyò !!

Animation: Brookhaven National Laboratory (http://www.bnl.gov/rhic/); https://youtu.be/Vyq_AYWctSo

http://www.bnl.gov/rhic/
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In ñlow-energyò nuclear physics,

we treat neutrons and protons as building blocks

What we study is:

A quantum many-body problem of fermionsinteracting through the nuclear force

Å complex state dependence

Å spin-orbit interaction

Å tensor interaction

Å ...

Repulsive core

Short-range attraction



Voyage towards the limit of existence



The continent of stability has been well explored..

The Great Wall of China by Stacy Funderburke @shutterstock

https://www.shutterstock.com/image-photo/great-wall-china-82945360


ñFlat Earthò by iStock; ñFanciful view of ship sailing over edge of Earthò by Georgia Studies Images

Now we are sailing towards the edge of the nuclear landscape..

Å drip lines

Å shell structure

Å deformation

Å skin, halo

Å nuclear matter properties

Å nucleosynthesis

Å ...

Stable nuclei:  288

Experiment:  ~3300

Theory:  ~7000-10000

https://www.istockphoto.com/au
https://georgiainfo.galileo.usg.edu/gastudiesimages/Ship%20Sailing%20Over%20Edge%20of%20Earth.htm


Neutronnumber
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Z=114

M. Thoennessen, Rep. Prog. Phys. 76, 056301 (2013)

N, Z

A map of nuclides:  Nuclear chart

Stablenuclei:  288

Experimentally produced:  ~3300

Theoretical prediction:  7000 or more



Synthesis of ñSuperheavy Elementsò

Ҧ also relevant tochemistry

At the frontiers in nuclear physics I:



CupperTin Gold!?

Alchemy ñworksò at a nuclear level!!

Proton number: 29

29Cu

Proton number: 50

50Sn

Collide!

Merger!

ˢNuclear fusionx

Proton number: 79

79Au

How?

For instance,



Nucleosynthesis at accelerator facilities

RI Beam Factory (RIBF) @RIKEN

Collide! Fusion!

Superconducting Ring Cyclotron (SRC)

The world-leading factory 
of unstable nuclei!



The Periodic Table

The periodic table is growing!

Nh Mc Ts Og

113:  Nh  (Nihonium)

115:  Ms (Moscovium)

117:  Ts  (Tennessine)

118:  Og (Oganesson)

November 2016

Four new elements were added,

completing the seventh row!!

Synthesis of ñsuperheavy elementò is the most challenging subject in nuclear physics


