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Fission fragment mass distribution for
n, + 23°U reaction
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(note) [RFDEEH (BEH R FHHR)
He (Z=2), Ne (Z=10), Ar (Z=18), Kr (Z=36), Xe (Z=54), Rn (Z=86)
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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

potential well
Woods-Saxon potential
V(r) = -Vo/[1 + exp((r — Rp)/a]
12_ — 1 ¢ I & [ ¢ | 72 .
_10— —%V —I— V(’I") — € @b('l’) =0
()
o wU\r -
(1) = =Y i(7) - xom,
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Meyer and Jensen (1949):
Strong spin-orbit interaction

712
—%VQ +V(r) e] v(r) =0

1dV
Vis(r) ~ =A—— (A > 0)

r dr



11 coupling shell model

2
VR HVO) e 6r) =0 =D W, () = )

T
Spin-orbit interaction

7-7,2
TRV Vi | w(r) = 0

(note) g =1l+s =—> l-s:(jz—lz—sz)/Q
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11 coupling shell model

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

2m

(note) g =1l+s =—> l-8=(j2—l2—82)/2

N

imm(T) = ujlfr(r)yjlm(?)
Viim(T) = Z (I m; 1/2 mg|j m>Ylml('F)X'ms
mi,Mmg

l-s=1/2(G=14+1/2), -(0+1)/20G=1-1/2)

_ —(l4+1)/2-(Vj,)
j=1—-1/2

F=iE1/2 /2 (Vi)
j=14+1/2
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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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single-)] model

shell model

©0 1Isy

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: | = py,

0 Pap 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

P3/o ) T = 3/2-
(there are 4 ways to occupy this level)

I1) 4 nucleons

0000 ), ) [T =0F

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

00 Dy, ) |7 =3/2

T=j14 o+ js (there are 4 ways to make a hole)
parity: (-1) x (-1) x (-1) =-1



111) 3 nucleons

00 D, ) |7 = 3/2
T=j14 ot js (there are 4 ways to make a hole)
parity: (-1) x (-1) x (-1) =-1

IV) 2 nucleons

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

mem) |7 =(Q* or 2t

3/2+3/2 — 1=0,1,2,3

anti-symmetrization



1) 1 nucleon

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

11) 4 nucleons

0000 )y, ) [T =(0F

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

0000 1lpy, — Im=0* in total,
T =1/2"




example: (main) shell model configurations for 1B

MeV
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11
586
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1/2-

32

cf. 12C(e,e’K*)2,B (=1'B+A)

1Py
1ps), 000
@0
1sy),
/ single- \
LA Py, =) |7T=3/2-

@@ Py, == |*=0%or2*
L 4 Aea Ps3/o ) |7 = 3/2-

\mr Py, === |7=0* J




cf. 12C(e,e’K*)2,B (=1'B+A)

PHYSICAL REVIEW C 90, 034320 (2014)
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Experiments with the High Resolution Kaon Spectrometer at JLab Hall C
and the new spectroscopy of '*B hypernuclei
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example: (main) shell model configurations for 1B
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cf. 12C(e,e’K*)2,B (=1'B+A)




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

1d

MeV ° Zng

4.64 3/2- — 1dc,,

1Py,

%1%/2

3.10 1/2- — @O0 1s,,
0.495 1/2*

251/

0 5/2* \ ‘ 1d5/2
17 F 1p

9' 8 1/2

% 1p3
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