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(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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Interpretation:

shell structure
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magic numbers for electrons

Hydrogen-like potential:

V(r)
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magic numbers for electrons

Hydrogen-like potential:

V(r) =

3S 3P 3D

25 2P

1S

7 e?

T

(Za)? 5

E, = 52 mc

e2 1
hc 137

n=nr+10+1



magic numbers for electrons

Hydrogen-like potential:

degeneracy =2 * (2 | +1)
(spinx 1)

V(r) =

3S [2] 3P [6] 3D [10]

2S[2] 2P [6]

1S [2]
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madgic numbers for electrons
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madgic numbers for electrons
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madgic numbers for electrons
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madgic numbers for electrons
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(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

A similar attempt in nuclear physics: independent particle motion in a

Woods-Saxon potential potential well
_VO
V —
(=1 + exp[(r — Ro)/al
12_ — T ® I * [ & T ¢ TLQ 2
ol [—%V +V(r) —¢|¥(r)=0
()
g o w(r R
” 0r 1/)(7") — lr ]/lm('r) " Xms
G degeneracy: 2*(21+1)



1f

2s
1d

Ip

Is

Infinite

well

e ——————
—————————
——————

—————————————
B ————————t—

Woods-Saxorn

well

Nuclear magic numbers:
2,8, 20, 28, 50, 82, 126



2g
1

11
2f

3s
1h

2d

lg

2p

1f

2s
1d

Ip

Is

(18)
(30)

(6)

(26)
(14)

)
(22)

(10)

(18)

(6)

(14)

(2)
(10)

(6)

2)

-

o

’

OO,
®|©

Infinite Woods-Saxorn

well well

Nuclear magic numbers:
2,8, 20, 28, 50, 82, 126



2g
1

3p

11
2f

3s
1h

2d

lg

2p

1f

2s
1d

Ip

Is

(18)
(30)

(6)

(26)
(14)

(2)
(22)

(10)

(18)

(6)

(14)

(2)
(10)

6)

2)

Infinite

well

-

Woods-Saxorn

well

Woods-Saxon itself does not provide
the correct magic numbers (2,8,20,28,

50,82,126).

Mayer and Jensen (1949):
Strong spin-orbit interaction
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1] coupling shell model
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1j coupling shell model
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Single particle spectra
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FIG. 3.6. Low-lying single-particle levels of 2°°Bi.
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Why do closed-shell-nuclei become stable?

level density
= 2 —-=
— - 2 —
— 3 1=
e ] smaller total
e —— energy
- — (more stable)
(a) (b)

uniform non-uniform



Theoretical prediction of island of stability

CHART OF THE NUCLIDES
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island of stability around Z=114, N=184 Yuri Oganessian
W.D. Myers and W.J. Swiatecki (1966), A. Sobiczewski et al. (1966)
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A lucky accident for the origin of life

Atomic magic numbers
electron #: 2, 10, 18, 36, 54, 86

TRDER

fouble mag|

Inert gas: He, Ne, Ar, Kr, Xe, Rn

2% . LABF ETATRREBLEDHRICEED]

Nuclear magic numbers
proton # or neutron #
2, 8, 20, 28, 50, 82, 126

) ..,

mmm) many oxygen nuclei:
produced during

nucleosynthesis
mmm) oxygen: chemically active

16:04 (double magic)

mmm) several complex chemical
reactions, leading to the
birth of life

http://rarfaxp.riken.go.jp/~motizuki/contents/genso.html



single-] model

shell model

1d 1d,/,

2 3,/22 28415

O 1dg, @O la,

—0—0— 1py, 1p1/2

Q000 1py, m 1psp

H 151/2 4._.7 181/2
configuration 1 configuration2 ... 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 |

example: J = py),

P3o,  can accommodate 4 nucleons
(j,= +3/2, +1/2, -1/2, -3/2)



P3»  can accommodate 4 nucleons
(j,= +3/2, +1/2, -1/2, -3/2)

1) 1 nucleon

P/ ) |7 = 3/2-
(there are 4 ways to occupy this level)

11) 4 nucleons

9000 )y, ) T =Qf

I=j14jo+is+ja (there is only 1 way to occupy this level)
parity: (-1) X (-1) x (-1) x (-1) = +1

1i1) 3 nucleons

900 Dy, ) T = 3/2

T=j14jotjs (there are 4 ways to make a hole)
parity: (-1) x (-1) x (-1) =-1



111) 3 nucleons

00 P, ) 7= 3/2-
T=j14jo+ds (there are 4 ways to make a hole)
parity: (-1) x (-1) x (-1) =-1

IV) 2 nucleons

P32 there are 4 x 3/2=6 ways to occupy this
I=341+75 level with 2 nucleons.

m)  |*=0* [1] or 2% [5]

3/2+3/2 — 1=0,1,2,3

anti-symmetrization



1) 1 nucleon

p3/2 ‘ I© = 3/2-
(there are 4 ways to occupy this level)

11) 4 nucleons

9000 p3/2 mem) | =(QF

I=j14jo+is+ja (there is only 1 way to occupy this level)
parity: (-1) x (-1) x (-1) x (-1) = +1

0000 1py, — Im=0* in total,
I = 1/2"




example: (main) shell model configurations for 1. B,

MeV
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312

cf. 12C(e,e’K*)!?, B (=1'B+A)



cf. 12C(e,e’K*)!? B (=1'B+A)
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example: (main) shell model configurations for 11.By
cf. 12C(e,e’K*)!?, B (=1'B+A)

MeV
5.02 3/2- %B;Z 5 protons
4.44 5/2- 0o
N
1Sy
2.12 12 /Single-j \
SO @ Py, = =32
0 3/2 i Ps, === |*=0*or2*
5By 00 0@ py, =) [=3/2-

\m Dy, === |7=0F Yy




example: (main) shell model configurations for 1B
cf. 12C(e,e’K*)!?, B (=1'B+A)

MeV
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another example: (main) shell model configurations for 1’F

MeV
4.64 3/2-
3.10 1/2-
0.495 1/2*
0 5/2*

17
9F8



another example: (main) shell model configurations for 1’F
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