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Nuclel: aggregate of nucleons (protons and neutrons)

=P NUuclear Many-Body Problems

» Liquid drop model

» Single-particle motion and Shell structure
»Hartree-Fock approximation

» Bruckner Theory

»Pairing correlations and Superfluid Nuclel
» Angular momentum and number projections
»1n and 2n halo nuclel

»Random Phase Approximation

»Nuclear Reactions
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Basic Properties of Nuclel
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Nuclear
Physics ~
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Nucleus as a guantum many body system

Basic ingredients:

charge  mass (MeV) spin

Proton +e 038.256 ot
Neutron 0 939.550 15t

(note) n—p+e+v (10.4 min)
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Nuclear Chart: 2D map of atomic nucleli




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
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Prediction of island of stability: an important motivation of SHE study

CHART OF THE NUCLIDES

Spherical
Shell
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Shell

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)

modern calculations: Z=114,120, or 126, N=184
e.g., H. Koura et al. (2005)
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Density Distribution

High energy electron scattering

Born approximation:
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Born approximation wf(T) — eipf"’“/h

. __ _ip.-T/h e
r) = e'Pi
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Electron scattering

V(r) = —eQ/dr

C i

dQ

Form factor
F(q) = [ e 97 p(r) dr

* relativistic correction:
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Po nuclear
F

matter
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Fermi distribution

P = exp((r — Ro)/a)

po ~ 0.17 (fm-3) <&== Saturation
Ry ~ 1.1 x AL/3 (fm) ProPe
a ~ 0.57 (fm)




Momentum Distribution

Fermi gas approximation ke E2dk
Kk = 2X2X 471'/
2 P 0o (2n)3
2
\ _ k
- K, 372
K (note: spin-isospin degeneracy)
Ky
p=017fm3 —— k.~1.36fm?

Fermi energy:
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Nuclear Mass

8p + 8n
R

' (binding energy)
1§O8

m(N, Z)c® = Zmpc32 + Nmpc? — B
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1. B(N,Z2)/A~ 85 MeV (A>12) (=) Short range nuclear force
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B(N,2)/A~ -85 MeV (A>12) <= Short range nuclear force
Effect of Coulomb force for heavy nuclel

Fusion for light nuclel

Fission for heavy nucleli



Semi-empirical mass formula

(Bethe-Weizacker formula: Liguid-drop model)

72 (N — Z)°

B(N,Z) = avA—aSAQ/S _aCAl/?’ — asym A

e\/Olume energy: a, A
. 42/3
eSurface energy. —agsA
eCoulomb energy: —a Z2/A/3
eSymmetry energy: —asym (N — Z)Q/A



How well does the Bethe-Weizacker formula reproduce the data?
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How well does the Bethe-Weizacker formula reproduce the data?
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cf. N,Z = 2, 8, 20, 28, 50, 82, 126: large binding energy
“magic numbers”



(note) Atomic magic numbers (Noble gas)
He (Z=2), Ne (Z=10), Ar (Z=18), Kr (Z=36), Xe (Z=54), Rn (Z=86)
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Why do closed-shell-nuclel become stable?

level density
= 2 —-=
— T2 ==
e — smaller total
e ——— energy
— — (more stable)
(a) (b)

uniform non-uniform
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