
cf. N,Z =  2, 8, 20, 28, 50, 82, 126  (魔法数)に対して束縛エネルギー大



Shell Structure

Smooth part

Fluctuation part

Liquid drop model:



even-odd staggering

1n separation energy: Sn (A,Z) = B(A,Z) – B(A-1,Z)

偶数個の中性子から１つ中性子
を取る方が奇数個から取るより
大きなエネルギーが必要：対相関

偶偶核

偶奇核

対相関エネルギー



Pairing Energy

Extra binding when like nucleons form a spin-zero pair

Example:

210
82Pb128 = 208

82Pb126+2n                 1646.6
210

83Bi127 = 208
82Pb126+n+p                1644.8

209
82Pb127 = 208

82Pb126+n                    1640.4
209

83Bi126 = 208
82Pb126+p                     1640.2

Binding energy (MeV)



Shell Energy

Extra binding for  N,Z =  2, 8, 20, 28, 50, 82, 126  (magic numbers)

Very stable

4
2He2,

16
8O8,

40
20Ca20,

48
20Ca28,

208
82Pb126



 asymmetric fission

cf. 120
50Sn

 stability of superheavy elements



(note)原子の魔法数 (貴ガス)

He (Z=2), Ne (Z=10), Ar (Z=18), Kr (Z=36), Xe (Z=54), Rn (Z=86)

殻構造



(note) Atomic magic numbers (Noble gas)

He (Z=2), Ne (Z=10), Ar (Z=18), Kr (Z=36), Xe (Z=54), Rn (Z=86)

Shell structure

Similar attempt in nuclear physics: independent particle motion in a 

potential well

Woods-Saxon potential

1s

1p
1d

2s



Woods-Saxon itself does not provide 

the correct magic numbers (2,8,20,28,

50,82,126). 

Meyer and Jensen (1949):

Strong spin-orbit interaction



jj coupling shell model

Spin-orbit interaction

(note)



jj coupling shell model

(note)



intruder states

unique parity states



Single particle spectra

208Pb

How to construct V(r) 

microscopically?

Does the independent particle

picture really hold?

Later in this lecture



準位密度

均一の場合 濃淡がある場合

何故、閉殻の原子核は安定になるのか?

準位密度に濃淡があれば、下から数えて濃淡の終わりまで準位が
つまると（図の１の場合）、均一の場合に比べてエネルギーが小さい



1n separation energy: Sn (A,Z) = B(A,Z) – B(A-1,Z)

この飛びは N=82 の
魔法数によるもの

N=83から上の
準位がつまるため
中性子をとりのぞく
のにエネルギーが
小さくてすむ



生命誕生のための幸運な偶然

原子の魔法数
電子の数が 2, 10, 18, 36, 54, 86

不活性ガス：He, Ne, Ar, Kr, Xe, Rn

原子核の魔法数
陽子または中性子の数が
2, 8, 20, 28, 50, 82, 126 の時安定

例えば 16
8O8 （二重閉殻核）

酸素元素は元素合成
の過程で数多く生成さ
れた

しかし、酸素は化学的
には「活性」

化学反応により様々な
複雑な物質をつくり生命
に至った

二重閉殻核

参考：望月優子 ビデオ「元素誕生の謎にせまる」 http://rarfaxp.riken.go.jp/~motizuki/contents/genso.html



single-j model

shell model

1s1/2

1p3/2

1p1/2

1d5/2

2s1/2

1d3/2

1s1/2

1p3/2

1p1/2

1d5/2

2s1/2

1d3/2

configuration 1 configuration 2 …… several 

others

angular momentum (spin) and parity for each configuration?

let us first investigate a single-j case



single-j level: one level with an angular momentum j

j

example: j = p3/2

p3/2 can accommodate 4 nucleons

(jz= +3/2, +1/2, -1/2, -3/2)



p3/2 can accommodate 4 nucleons

(jz= +3/2, +1/2, -1/2, -3/2)

i) 1 nucleon

p3/2 Ip = 3/2-

(there are 4 ways to occupy this level)

ii) 4 nucleons

p3/2 Ip = 0+

(there is only 1 way to occupy this level)

parity: (-1) x (-1) x (-1) x (-1) = +1

iii) 3 nucleons

p3/2

(there are 4 ways to make a hole)

parity: (-1) x (-1) x (-1) = -1

Ip = 3/2-



iii) 3 nucleons

p3/2

(there are 4 ways to make a hole)

parity: (-1) x (-1) x (-1) = -1

Ip = 3/2-

iv) 2 nucleons

p3/2 there are 4 x 3/2=6 ways to occupy this 

level with 2 nucleons.

Ip = 0+  or 2+

3/2 + 3/2         I = 0, 1, 2, 3

anti-symmetrization



i) 1 nucleon

p3/2 Ip = 3/2-

(there are 4 ways to occupy this level)

ii) 4 nucleons

p3/2 Ip = 0+

(there is only 1 way to occupy this level)

parity: (-1) x (-1) x (-1) x (-1) = +1

1s1/2

1p3/2

1p1/2

Ip = 0+

Ip = 0+

Ip = 1/2-

in total,

Ip = 1/2-



example: (main) shell model configurations for 11B

3/2-

1/2-

5/2-

3/2-

0

2.12

4.44

5.02

MeV

11
5B6

1s1/2

1p3/2

1p1/2

cf. 12C(e,e’K+)12
LB (=11B+L)

p3/2 Ip = 3/2-

p3/2 Ip = 0+  or 2+

p3/2 Ip = 3/2-

p3/2 Ip = 0+

single-j



example: (main) shell model configurations for 11B

3/2-

1/2-

5/2-

3/2-

0

2.12

4.44

5.02

MeV

11
5B6

1s1/2

1p3/2

1p1/2

cf. 12C(e,e’K+)12
LB (=11B+L)

1s1/2

1p3/2

1p1/2

0+

1s1/2

1p3/2

1p1/2

2+



another example: (main) shell model configurations for 17F

5/2+

1/2+

1/2-

3/2-

0

0.495

3.10

4.64

MeV

17
9F8



another example: (main) shell model configurations for 17F

5/2+

1/2+

1/2-

3/2-

0

0.495

3.10

4.64

MeV

17
9F8

1s1/2

1p3/2

1p1/2

1d5/2

2s1/2

1d3/2

1s1/2

1p3/2

1p1/2

1d5/2

2s1/2

1d3/2

1s1/2

1p3/2

1p1/2

1d5/2

2s1/2

1d3/2

1s1/2

1p3/2

1p1/2

1d5/2

2s1/2

1d3/2


