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v asymmetric fission
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Fig. 4.1. Mass distributions in terms of the fission fragment masses for spontaneous
fission of 233Cf, 236Fm and 3JFm and for neutron-induced fission of »’Fm. Note
the trend toward symmetric fission with increasing mass and in addition the larger
number of symmetric events for neutron-induced than for spontaneous fission (from
R. Vandenbosch and J.R. Huizenga, Nuclear Fission (Academic Press, New York

and London, 1973)).

v stability of superheavy elements



(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
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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

Similar attempt in nuclear physics: independent particle motion in a

Woods-Saxon potential

V(r) = —Vo/[1 4+ exp((r — Ro)/al
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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

52
—%VQ + V(r) e] p(r) =0

1dV
Vis(r) ~ =2~ S5

r dr

(A > 0)



1J coupling shell model

2
[—;—mVQ +V(r) —ely(r) =0 ) ¢lmm5(T) — UZ(T)

T
Spin-orbit interaction

TLQ
TRV Vi | 0(r) = 0
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1J coupling shell model

h° 5
[——V +V(r) + Vi(r)l-s — e] Y(r) =20

2m

(note)j =1l +s = l~s=(j2—l2—82)/2

n uji(r)

Yjtm(T) = ———Vjim(7)
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mi,Mmg

los=1/2 G=1+1/2), —(+1)/2(G=1-1/2)
—(+1)/2- (Vi)

j=1-1/2
_l'“/is)

F=iE1/2 /2 (Vi)
j=14+1/2




2g
1j

3p

ii
2f

3s
1h

2d

lg

2p

1f

2s
1d

Ip

Is

(18)
(30)

(6)

(26)
(14)

2)
(22)

(19)

(18)

(6)

(14)

2)
(10$)

(6)

2

2g70 (8)

i S 451 (2)

< 1jisp (16)

2g9, (10)

—— 25, (6

_____ k 1i13/Dl4)

o lhyp (10)

. I,

-~ ik 2d3, (4)

LT 2d5p (6)

P 2p3n (4)

17, (8)

i i —— 1d3/2 (4)

lds, (6)

_____
] P
-

—_— 1lpspy ¥

----- —=is; @

Woods-Saxon Woods-Saxon plus

well spin-orbit coupling

3d;, 4
3dsn,  (6)

liny (12)

3pin (@)

3p3n (4
265, (8)

351/2 (2)

gz, (8)

(2)—@(10)

Ifs, (6)

251, (2)

Ipp (2

Intruder states
unique parity states



Single particle spectra
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FIG. 3.6. Low-lying single-particle levels of 2%°Bi.
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eDoes the independent particle

picture really hold?

———> Later in this lecture



Why do closed-shell-nuclei become stable?

level density
— . JS— —
—=" T2 ==
=" 1=
— —— smaller total
—_ E——— energy
— — (more stable)
(a) (b)

uniform non-uniform



14
_ﬂ

—é

o
|

y Mo, a jump due to
/ w“' Mﬁ T N=82 magic number.
{ ﬂ/, ha 9 _
¢V —
o (W -

AL .
Sn 1sotopes

o _

A

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
?00 105 110 TII5 120 125 130 135 140

less energy to
remove a neutron

| from a higher orbit

1n separation energy: S, (A,Z) = B(A,Z) — B(A-1,2)



Lucky accident for the origin of life

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

TEOEME
fouble mag|
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Inert gas: He, Ne, Ar, Kr, Xe, Rn

2% . 2RABF 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,,

25 3,/22 28415

—0—0 1py 1p1/2

m p3/2 w p3/2

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

Ps3/o ) |7 = 3/2-
(there are 4 ways to occupy this level)

11) 4 nucleons

9000 [y, ) |7 =QF

I=j14jo+js+7a (there is only 1 way to occupy this level)
parity: (-1) X (-1) x (-1) x (-1) = +1

111) 3 nucleons

00 Dy, ) T = 3/2

T=414 5o+ s (there are 4 ways to make a hole)
parity: (-1) x (-1) x (-1) =-1



111) 3 nucleons

L 4 awa P30 m) 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.

mem) |*=(QF or 2*

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

0000 ), ) T =0

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

V000 1p;, — In=0" in total,
T =1/2-




example: (main) shell model configurations for 1B

MeV
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example: (main) shell model configurations for 1B

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

MeV
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Level scheme of *,Be,;

With a spherical potential :
@ 1py, [2]
00 @O I1p,,[4]

‘ The g.s. of 1Be : I* = 1/2-

@ @  1s,,[2] / very artificial
In reality..... 1p,,
P ... P 28117
0.32 M 1psy;
: eV 1o 2,
1/2* l
11Be @ @ Is,

“parity mversion”

What happens if 1'1Be is deformed?



