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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
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Strong spin-orbit interaction
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Single particle spectra
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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)

11) 4 nucleons
9000 D,

I'=314+J)o+33+74



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)

11) 4 nucleons
000 )y,
I'=314+J)o+33+74
1i1) 3 nucleons
000 Dy,

I'=31+j4>+73



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 -0 Dy, ) |T=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

I=j35,+735



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.

m=) |t =0 or 2* (= 1+5)

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