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Skyrme (AB—.L) interaction ZEKEFEEEOLOVCHEBER

v(r,r’) = to(1+2oPs)é(r — ')

o t1(1+ 21 P (K260 — o) + 6(r — )K?)
+t5(1 + 2o P)kS(r — )k

—-%tg,(l + 23P,)5(r — )™ ((r + 1) /2)
+iWo(o1 +02) -k xd(r —r)k

k= (Vi1—-—V5)/2i

ifxl-=0, tlztzz():
1
v(r,r') = tod(r —7") + gt30(r — r')p(r)
short—r.ange repulsion to avoid collapse
attraction

+iWo(o1+02) -k xd(r — ’I“/)k

spin-orbit interaction




Density Functional Theory

With Skyrme interaction:
(VIH|WV) = Elp,T,J]

K2 1
/dr< T —o(l-l-—xo)f)
2m 2

1 1
—to(zo + 2)%@--)

Energy functional in terms of local densities

I

Close analog to the Density Functional Theory (DFT)
ZENBEBE



Density Functional Theory

i) Hohenberg-Kohn Theorem

H=H* Ve

Ref. W. Kohn, Nobel Lecture

(RMP 71(°99) 1253)

Lemma :

p(1) = Vext(r)] (unique)

< Density: the basic variable
ENa (LR

(%

ICETH M D)

11) Hohenberg-Kohn variational principle

The existence of a functioal E[p], which gives the exact g.s.
energy for a given g.s. density

—> Elp] > Eys
SENHRT Elp] EEANIE, ZhEBE->TEEHEN

BEIZITA S,

Elp]

= Enyelpl + Ecorrlp]



The electron denslty
of nitroglycerineg

—kag) IO DE
(Nobelprize.org &Y))
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(Wikipedia
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Mean-field approximation and deformation
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Mean-field approximation and deformation

H
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Nuclear Deformation
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Nuclear Deformation

Excitation spectra of 1>4Sm

(MeV)
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E(47)/E(2")

deformed nuclei:
E(4")/E(27) ~ 3.3

E@+YE?2T)
[
—_—
—_—
=

spherical nuclei:
E(47)/E(27) ~ 2

0 50 100 150 200 250

K.S. Krane, “Introductory Nuclear Physics”



E(47)/E(2")

E4*WERT)

deformed nuclei:
E(4")/E(27) ~ 3.3

spherical nuclei:
E(47)/E(27) ~ 2

50 100 150 200 250

K.S. Krane. “Introductory Nuclear Physics”

a small energy
— spontaneously
symm. breaking

deformed nuclei



Spontaneous symmetry breaking

The vacuum state does not have (1.e, the vacuum state violates)
the symmetry which the Hamiltonian has.

Nambu-Goldstone mode (zero energy mode)
to restore the symmetry



One-particle motion 1n a deformed potential
P(r,)dr, naively speaking,

V(r) ~ /’U(’l‘ — N p(rdr’

C V(r) ~ /v(r,r’)p(r')d'f" ~ —gp(r) if o(r,r) = —gé(r — ")

— V(1 0)
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One-particle motion 1n a deformed potential
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Figure 13. Nilsson diagram for protons, Z > 82 (g, = €2/6).
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Potential energy
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Super-
deformation
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Ground-state
deformation

Deformation

E(B) = Er,pm(B) + Eshen(B)
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Figure 13. Nilsson diagram for protons, Z > 82 (g, = €2/6).
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