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B(N,Z)/A~8.5MeV (A>12) ¢ Shortrange nuclear force

a long range interaction: B oxc A(A—1) ~ A?

— B/A~A



If each nucleon can interact only a-nucleons close by:
B~aA/2 —— B/A~ a/2 (const.)
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If each nucleon can interact only a-nucleons close by:
B~aA/2 —— B/A~ a/2 (const.)

a small nucleus
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If each nucleon can interact only a-nucleons close by:
B~aA/2 —— B/A~ a/2 (const.)

a small nucleus
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_ _ Coulomb interaction
nuclear interaction
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_ _ Coulomb interaction
nuclear interaction
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1. B(N,Z2)/A~85MeV (A>12) (= Shortrange nuclear force
2. Effect of Coulomb force for heavy nuclei



Nuclear Chart
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Semi-empirical mass formula

(Bethe-Weizacker formula: Liquid-drop model)

72 (N — Z)°

B(N,Z) = avA—aSAQ/S _aCAl/?’ — asym A

e\/Olume energy: a, A
. 42/3
eSurface energy:. —asA
eCoulomb energy: —a Z2/AL/3
eSymmetry energy: —asym (IN — Z)2/A



How well does the Bethe-Weizacker formula reproduce the data?
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How well does the Bethe-Weizacker formula reproduce the data?
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cf. N,Z = 2, 8, 20, 28, 50, 82, 126: large binding energy
“magic numbers”
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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 + exp((r — Rpg)/a)]
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Woods-Saxon itself does not provide
the correct magic numbers

(2,8,20,28, 50,82,126).
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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)
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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

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=) |t =0 or 2* (= 1+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,
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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 1B
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5.02

4.44

2.12

11
586

3/2
5/2

1/2

312

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