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Shell Model: independent particle motion in a potential well
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others

angular momentum (spin) and parity for each configuration?
—— let us first investigate a single-j case



an example: j = pa,

P3,  can accommodate 4 nucleons
(i,= +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

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
I=3,+73o



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
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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

5.02 3/2-

4.44 5/2

2.12 1/2-
0 3/2

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

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

MeV
5.02

4.44

2.12
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example: (main) shell model configurations for 11.B,

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

MeV

5.02 3/2-

4.44 5/2

2.12 1/2-
0 3/2

11
586




A3y 1\

1dg,

251/
1 5/2

1Py,
1pap

P

1R FIKRE

29 DDIEFEDHH
(FHEFIXBERHTDTEZ
77{T&LY)

LHR—PER4 T OB ERE DB T ORI ERERE T
BBt &,

PARCIRRE ., 55 =S IRRE (X ED

MeV
3.10 1/2
0.495 1/2*
0 5/2*
179|:8
VFeMANRT )L



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

An interpretation: independent particle motion in a potential well
‘rT T ] + spin-orbit interaction
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how to construct the potential well?




Mean-field (Hartree-Fock) Theory

nucleon-nucleon interaction

O e =) v(r)
!

° e = 2u(r)




Mean-field (Hartree-Fock) Theory

nucleon-nucleon interaction

O e m) u(r)
r

|
I~

1315

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)

® O 1s)

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,

V(r) ~ / o(r — ) p(r)dr!

p(r) =3 [$i(r)I?

'ﬁ2
0 = [—%Vz + V(r) — 51’] i (r)




Mean-field (Hartree-Fock) Theory

naively speaking,

V(r) ~ / o(r — ) p(r)dr!

p(r) =3 [$i(r)I?

'ﬁ2
0 = [—%Vz + V(r) — 51’] i (r)

TLQ > / AN /
—%V —|—/fu('r—'r) lej(fr')\ dr’ — ¢;| ¥i(r)
J

the potential depends on the solutions



Mean-field (Hartree-Fock) Theory

h? 2 / AT /
0= |- V24 [v(r =) [ S |60 ) dr' - | vi(r)
J

2m

the potential depends on the solutions

——> self-consistent solutions

lteration:  {;} - p—=>V — {¢;} — -




Mean-field (Hartree-Fock) Theory

-
0 = —%Vz + V(r) — Ei] Vi (1)
: R2 o / N2 /
— —%V + /v(’r —7) (Z\%’("‘ )| ) dr’ — E’i:| i (T)
N J

the potential depends on the solutions

—> self-consistent solutions

lteration:  {y;} = p—>V — {¢Y;} — ---

2
p(r) = Z i (r)|5, V(r) ~ /fu('r — N p(r)dr’
)
repeat until the first and the last wave functions are the same.

“self-consistent solutions”



Mean-field (Hartree-Fock) Theory

electro-static potential nucleus

p(r')dr

Interaction between identical

test charge :
particles

V(r) ~ / o(r — ) p(r!)dr’




Mean-field (Hartree-Fock) Theory

electro-static potential nucleus

p(r')dr

Interaction between identical
particles
— needs anti-symmetrization

V(r) ~ / o(r — ) p(r!)dr’

test charge




anti-symmetrization

nucleon: fermion

C V@) =W G

1

Y1 (x1)Y2(72) >\/5[101(331)152(332)—¢2($1)¢1($2)]

< Slater determinat
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anti-symmetrization

nucleon: fermion

¢ V@) <G

Y1 (x1)Y2(T2) — \}i[wl(ﬂfl)lb(xz) — Po(x1)91(72)]

< Slater determinat

52 2 2
0= [—5=-V2+ [o(r—1) S (P | dr’ = | v
W) = 5 ()
TLQ 2 ! N2
= |—=V2 4+ [v(r 1) SO ) dr =i v

= [v(r =) (Z w;xr’)wz-(r’)) dr'yp; (r)
J

Hartree-Fock theory exchange term



anti-symmetrization

0 = _—V2 —|—/’U('I’ _T) (Z|¢j(r )2) dr' — ¢i| Yi(r)

R e G R (ng(r)?) dr' — ci| i(r)
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J
2
= [—;—mVQ + V(r) - 6@] Vi(r) + /di("“,)

non-local potential



Non-local potentials

_FLQ
2 VP V) = Bl 6() + [ ar V(o) = 0

» Local equivalent potential
—E—QVQ +V(r)— E|¢(r)+ 1 /dr’V (r, 7)) | ¢v(r) =0
E-dep. potential
> Wigner Z

Viv(r,p) = /VNL(’P —s/2,r+ s/2) ePS/Tgsg
v' momentum expansion
v’ effective mass approximation

N 2
cf. Perrey-Buck & VaL(r, ) =U (%h‘ 4+ r’|) exp {_ (r ;r ) ]



Variational Principle (Rayleigh-Ritz method)
optimization «— variational principle

(WIHW)
(Ww)y =797




Variational Principle

(Rayleigh-Ritz method)

optimization «— variational principle

(VIH|W)

(VW)

H : many-body Hamiltonian

V(ry,ro, ) = ¥1(r1) - ¥Yo(ra) - ¥a(rz) - -

o (W) =D Cnlén)
g.s. " 5
—> |hs = 2.n Cn En
>n Ch

<—— many-body wave function for

Independent particles

> FE

0



Variational Principle (Rayleigh-Ritz method)

optimization «— variational principle

(VIH|W)

(VW)

o (W) =D Cnlén)
g.s. " 5
—> |hs = 2.n Cn En
>n Ch

H : many-body Hamiltonian

V(ry,ro, ) = ¥1(r1) - ¥Yo(ra) - ¥a(rz) - -

2m

change gradually the single-particle potential
so that the total energy becomes minimum

<—— many-body wave function for

C e,

Independent particles

[olr =rpGdr’ = ¢ i(r) = 0

> FE

0



Bare nucleon-nucleon interaction
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N. Ishii, S. Aoki, and T. Hatsuda,
PRL99, 022001 (2007)



Bruckner’s G-matrix Nucleon-nucleon interaction in medium

Nucleon-nucleon interaction with a hard core

——> HF method: does not work
<—— Matrix elements: diverge

.....but the HF picture seems to work in nuclear systems

cf. magic numbers

Solution: a nucleon-nucleon interaction in medium (effective
Interaction) rather than a bare interaction

i

Bruckner’s G-matrix



e Hard core

v
G=v+v Qr G <> G=
b — Hg 1 —w QF
- e
Even if v tends to infinity, G may stay finite.
W00 =TT 1] — bare interaction
: G3RS —/
50 ~
— 0 Gogny D1~ -
& L ]
z | \
= ofF |I S ]
_j.{_}_— I|I / u
_ Y | effective
figure from 100 G e nteraction
M. Matsuo, r [fm]

Phys. Rev. C73(“06)044309



	スライド 1
	スライド 2
	スライド 3
	スライド 4
	スライド 5
	スライド 6
	スライド 7
	スライド 8
	スライド 9
	スライド 10
	スライド 11
	スライド 12
	スライド 13
	スライド 14
	スライド 15
	スライド 16
	スライド 17
	スライド 18
	スライド 19
	スライド 20
	スライド 21
	スライド 22
	スライド 23
	スライド 24
	スライド 25
	スライド 26
	スライド 27
	スライド 28
	スライド 33
	スライド 34
	スライド 35
	スライド 36
	スライド 37
	スライド 38
	スライド 39
	スライド 40
	スライド 41
	スライド 42
	スライド 43
	スライド 44

