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Extra binding for Nor Z = 2, 8, 20, 28, 50, 82, 126 (magic numbers)
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Extra binding for Nor Z= 2, 8, 20, 28, 50, 82, 126 (magic numbers)

An interpretation: independent particle motion in a potential well
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1n separation energy: S, (A,Z) = B(A,Z) — B(A-1,2)
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single-] model

shell model
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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)
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1) 1 nucleon

P32



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)




P3»,  can accommodate 4 nucleons
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11) 4 nucleons
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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

000 D, ) 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 aoa 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
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111) 3 nucleons

L 4 aoa 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.

=) |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 mm) [T =(QF

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

V000 1p;, — m=0" in total,
It =1/2-




example: (main) shell model configurations for 11.B,

MeV
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example: (main) shell model configurations for 11.B,

MeV
5.02 3/2 %Bllz
4.44 5/2- o : ®e0
O
1sy),
2.12 1z /single-j \
HHD Py, =) |T=3/2-
0 3/2- A mam) " =(QF or 2%
"By 000 py, =) |t=3/2-

\““ Py, === |*=(Q* /




example: (main) shell model configurations for 11.B,

MeV
5.02

4.44

2.12

11
586

3/2
5/2

1/2-

3/2

1Py
@000 1p,,




example: (main) shell model configurations for 11.B,

MeV
5.02

4.44

2.12

11
586

3/2
5/2

1/2-

3/2

1Py
1ps),

131,9

@00 1

00—

1Py
Y.

131,9




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

MeV
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Extra binding for Nor Z = 2, 8, 20, 28, 50, 82, 126 (magic numbers)

An interpretation: independent particle motion in a potential well
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how to construct the potential well?




Mean-field (Hartree-Fock) Theory

nucleon-nucleon interaction

O e =) v(r)
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° e = 2u(r)




Mean-field (Hartree-Fock) Theory

nucleon-nucleon interaction
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Interaction for a nucleon inside a nucleus:

N,
p(r)dr L

= o(r' —7r)-p(r)dr’

the number of nucleon
atr’

naively speaking, | V() ~ /v(r — N p(rdr'




Mean-field (Hartree-Fock) Theory

V() (MeV)
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shell model

p(r")dr’

naively speaking,

V(r) ~ / o(r — ) p(r!)dr’




Mean-field (Hartree-Fock) Theory

p(r")dr’

V() (MeV)

shell model

naively speaking,

V(r) ~ / o(r — ) p(r!)dr’

\dependent motion

- p(r) = 3 [i(r) 2




Mean-field (Hartree-Fock) Theory

naively speaking,
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Mean-field (Hartree-Fock) Theory

naively speaking,

V(r) ~ / o(r — ) p(r)dr!
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the potential depends on the solutions



Mean-field (Hartree-Fock) Theory
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the potential depends on the solutions

——> self-consistent solutions
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