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Introduction of myself

» Name: Kouichi Hagino #EriE— [EFDIH5LVE /NF/a04F
» Date of Birth: February 24, 1971 (46 years old)

» Career: Tohoku University (B.Sc.)  March, 1993
Tohoku University (M.Sc.) March, 1995
Tohoku University (D.Sc.) March, 1998
University of Washington (post-doc) 1998-2000
Kyoto University (Assistant Prof.) 2000-2004
Tohoku University (Associate Prof.) 2004-

> Research fields:  nuclear theory

- low-energy heavy-ion reactions
- structure of exotic nuclel
- structure of hypernuclei



Introduction of this lecture series

Dec. 6 (today): introductory talk (1 hour)
Dec. 7 (tomorrow):

9:30 am — 11:00 am nuclear physics

about elements and superheavy elements
13:00 pm — 14:30 pm guantum mechanics

about many-body systems and magic numbers

Dec. 9 (Saturday):

8:30 am — 10:00 am lecture on heavy-ion fusion reactions
(for graduate students)



Introduction of Tohoku University and Sendal

Sendai:

;{“"‘“ v’ the largest town in the Tohoku
'{m:}’? region

v' population: about 1 million
TOHOKU Sendal '

UNIVERSITY




Introduction of Tohoku University and Sendal

TOHOKU Sendali

UNIVERSITY
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Introduction of Tohoku University and Sendal
March 11, 2011 a huge earthquake
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Introduction of Tohoku University and Sendal

Tohoku University > Established in 1907 (110 years ago)
{ﬁqﬁ » the third oldest university in Japan

\% > the first university in Japan which accepted

female students (in 1913)

TOHOKU

UNIVERSITY

First
Women
Students
in 1913

Tohoku
University




Introduction of Tohoku University and Sendal

Nuclear theory group in Tohoku University
Assoclate professors
Shoichi Sasaki (hadron physics), Kouichi Hagino
Assistant professors
Masahiro Maruyama, Akira Ono, Yusuke Tanimura

Students  3jn ph.D. course, 4 in master course




Introduction of Tohoku University and Sendal

Nuclear theory group in Tohoku University
Assoclate professors
Shoichi Sasaki (hadron physics), Kouichi Hagino
Assistant professors
Masahiro Maruyama, Akira Ono, Yusuke Tanimura
Students
3 in Ph.D. course, 4 in master course

Dr. Ny||nk Lwin Dr. Myaing Thi Win
(2002-2007) (2006-2011)



Introduction: atoms and atomic nuclel

1 Angstrom (= 100,000 Fermi)

~ 10-10 m



Introduction: atoms and atomic nuclel

atomic nucleus

1 Angstrom (= 100,000 Fermi)

~ 10-10 m



proton (+e)

neutron (no charge)

electron cloud (-e)

1 Angstrom (= 100,000 Fermi)
e ————

» Neutral atoms: # of protons = # of electrons
» Chemical properties of atoms —— # of electrons

»M, ~ M, ~2000 M; — the mass of atom ~ the mass of nucleus



(Low-energy) Nuclear Physics:

to understand rich nature of atomic nuclei starting from
nucleon-nucleon interactions

size, mass, density, shape
excitations

decays

nuclear reactions

two Kkinds of particle: protons and neutrons

Basic ingredients: charge  mass (MeV) spin,parity
Proton +e 938.256 Yot
Neutron 0 939.550 Yot

(note) n—->p+e+v (10.4 min)

protons and neutrons: Fermions — Pauli principle



neutrons

® Nucleons are not stopping inside a nucleus.
(they move relatively freely)

® Yet, they are not completely independent.
a nucleus keeps its shape
due to the interactions among nucleons

a self-bound system
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Very coherent
motion can happen
due to the correlations

Collective motions

a variety of
motions
— very rich!




Nuclear Chart: 2D map of atomic nucleli




Periodic table of elements

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

2

He

S5({6e|l 71| 81|l 9|10

B[l C||[N]Jl O|| F [|Ne

13 ([ 14 |[ 15|16 || 17 || 18

Al {fSi || P IS || Cl|[|Ar

21 22 (|23 (|24 || 25 (| 26 || 27 || 28 || 29 || 30 (| 31 (|32 || 33|34 || 35]| 36

Sc Ti [| V [|Cr|[Mn||Fe|[Co||Ni|[Cu]||[Zn||Ga||Ge]||lAs]||Se]||Br][Kr

39 40 141 || 42 || 43 || 44 || 45 || 46 || 47 || 48 || 49 || 50 || 51 || 52 || 53 || 54

Y Zr [[Nb[[Mof| Tc [|[Ru||Rh || Pd||Ag||Cd || In || Sn|[Sb|[Te || I || Xe

57 |\ *|1 72 (|73 (| 74 || 75|76 || 77 || 78 || 79 || 80 || 81 || 82 || 83 || 84 || 85 || 86

La Hf || Ta || W || Re || Os || Ir || Pt [[Au|[Hg]|| TI || Pb || Bi [| Po || At || Rn

89 [*[1104(|1105||106((107|[108(|109||110([111|[112(|113||114([115]|116||117]]118

Ac |*| Rf ||Db || Sg [| Bh [| Hs [| Mt || Ds || Rg || Cn || Nh || FI ||Mc|| Lv || Ts || Og
*158 (|59 (|60 |61 (/6263|641 65]| 66| 67| 68| 69](70]f71
Ce || Pr||{Nd|[Pm|[Sm || Eu||Gd || Tb || Dy [|Ho || Er ||Tm || Yb || Lu
190 (191 (192 [[93|[94|[951|96 1|97 || 98 || 99 ||100(|101(|102{|103
*I'Th || Pa || U |[Np||Pu||[Am]||{Cm|| Bk || Cf || Es [|Fm |[[Md||No || Lr

protons only; no information on neutrons!




Nuclear Chart: 2D map of atomic nucleli

160 (Z=8, N=8, A=16)

170 (z=8, N=9, A=17)

180 (Z=8, N=10, A=18)
A=Z+N

I.|-"'r g Isotopes

neutron number




- Stable nuclel in nature: 287
*Nuclei artificially synthesized :about 3,000
Nuclei predicted:about 7,000 ~ 10,000

Nuclear Physics:
Several static and
dynamical properties
of those nucleli




Nuclear Chart: 2D map of atomic nucleli

, > how many neutrons can be attached?
»Wwhat Is the shape of nuclei?

»>1s there any exotic structure?

»Wwhat Is the heaviest nucleus?

»how do nuclei decay?  ___
___etc. ete.

neutron number



Extension of nuclear chart: frontier of nuclear physics  superheavy

elements
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Neutron-rich nuclel (RIBF at RIKEN)
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Prediction of island of stability: an important motivation of SHE study

CHART OF THE NUCLIDES

nuclel In naturgses % spherica

i
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Shell
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Sea of Instability

10 20 30 40 50 60 70 80 90 100 (10 120 130 140 150 160 170 180 190 200
Neutron number

island of stability around Z=114, N=184 Yuri Oganessian
W.D. Myers and W.J. Swiatecki (1966), A. Sobiczewski et al. (1966)

... more tomorrow



Nuclear Chart: 2D map of atomic nucleli

x l:u.'i

i >how many neutrons can be attached?
© »>what is the shape of nuclei?
»>1s there any exotic structure?
»Wwhat Is the heaviest nucleus?
»how do nuclei decay?  ___
___etc. ete.

neutron number



Quantum shape

a nucleus is not always spherical _
dynamics

MNuclear ground-state shapes

1854 208pp, | “”“=E§§§
B i
ls0meric Mass-asymmetric S
shape saddle-point shape iy
i T ' % IFFRER

- = - banana shape
@ -

240 232 ﬂ*ﬁ
Pu Th
pear shape
Some nuclel are deformed in the ground state!
what are combinations of (Z,N) which yield a deformation?



Different deformation between protons
and neutrons

E (MeV)

Bn=Bp Dr. Nyein Wink Lwin
B> B
n~ Pp
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Deformed halo nucleus

IILJ

halo structure Dr. Yasuko Urata
3.8 | | (2008-2017)
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Y. Urata, K. Hagino, and H. Sagawa, arXiv:1710.07884



A hypernuclei

Aparticle: the lightest hyperon
with strangeness
(no charge, no isospin)

proton
neutron Dr. Myaing Thi Win
Ne isotopes Si Isotopes
- 1 1 "~ 1T 1 ' 1 — T T [ T [ T [ T T
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A hypernuclei

Aparticle: the lightest hyperon
with strangeness
(no charge, no isospin)
proton

Dr. Myaing Thi Win
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Myaing Thi Win and K.Hagino, PRC78(°08)054311



“beyond the mean-field approximation”
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