Mean-field approximation and deformation

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

An interpretation: independent particle motion in a potential well

(A + spin-orbit interaction
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Mean-field approximation and deformation
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Bare nucleon-nucleon interaction

V(r)] +o

Existence of short range
repulsive core
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» two-body (multiple) scattering in medium
k>’ Pauli priciple
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*scattering: suppressed
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e Hard core
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( Even if v tends to infinity, G may stay finite.
< Independent particle motion
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M. Matsuo, Phys. Rev. C73(°06)044309



Phenomenological effective interactions

G-matrix
e ab initio
e but, cumbersome to compute (especially for finite nucler)
e qualitatively good, but quantitatively not successful

|

HF calculations with a phenomenological effective interaction

Philosophy: take the functional form of G, but determine the
parameters phenomenologically

» Skyrme interaction (non-rel., zero range)
» (Gogny Interaction (non-rel., finite range)
» Relativistic mean-field model (relativistic, “meson exchanges”)



Skyrme interaction density dependent zero-range interaction
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spin-orbit interaction

repulsion to avoid collapse




Skyrme interaction density dependent zero-range interaction
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Skyrme interaction density dependent zero-range interaction
v(r,v") = tog(1 4+ zoP,)é(r — ')
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the exchange potential ——> local
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Skyrme interactions: 10 adjustable parameters

v(r,r’) = to(1 4 z0Fs)é(r —7")
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A fitting strategy:

B.E. and r,: %0, 4°Ca, 48Ca, *°Ni, %9Zr, 208Pp,.....
Infinite nuclear matter: E/A, pgg,....

Parameter sets:
SHII, SkM*, SGlI, SLy4,.......



EQOS of infinite nuclear matter
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slide: Carlos Bertulani
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Iteration

Ve depends on v; «—— non-linear problem
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deformation and two-neutron separation energy
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Density Functional Theory

With Skyrme interaction:
(WIH|W) = Elp,T,J]
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Energy functional in terms of local densities

I

Close analog to the Density Functional Theory (DFT)
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Density Functional Theory  Ref. W. Kohn, Nobel Lecture

1) Hohenberg-Kohn Theorem (RMP 71(°99) 1253)

H=H,+V,

ext

Lemma : p(r) — Vext(r)| (unique)

< Density: the basic variable
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1) Hohenberg-Kohn variational principle

The existence of a functioal E[p], which gives the exact g.s.
energy for a given g.s. density
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Mean-field approximation and deformation

Mean-field approximation
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the original many body H:
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Mean-field approximation and deformation

Mean-field approximation
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Mean-field approximation and deformation

Mean-field approximation
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==) | W\ does not necessarily possess the symmetries that H has.

“Symmetry-broken solution”
“Spontaneous Symmetry Broken”




WME : does not necessarily possess the symmetries that H has.

Typical Examples

» Translational symmetry: always broken in nuclear systems
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WME : does not necessarily possess the symmetries that H has.

Typical Examples

» Translational symmetry: always broken in nuclear systems
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Nuclear Deformation
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Nuclear Deformation

Excitation spectra of 154Sm
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Nuclear Deformation

Excitation spectra of 154Sm

(MeV)
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cf. Rotational energy of a rigid body
(Classical mechanics)
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K.S. Krane, “Introductory Nuclear Physics”



The energy of the first 2* state in even-even nuclel

2.0

N =126

E (MeV)

a small energy

- j\ — spontaneously

symm. breaking
A >/ deformed nuclei

; deformed nuclel:

E(4*)/E(2*) ~ 3.3

3

E4*WEQR2T)

)N_ e spherical nuclei:
E(4*)/E(2F) ~ 2

K.S. Krane, “Introductory Nuclear Physics”



Spontaneous symmetry breaking

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

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



	スライド番号 1
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	スライド番号 8
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	スライド番号 13
	スライド番号 14
	スライド番号 15
	スライド番号 16
	スライド番号 17
	スライド番号 18
	スライド番号 19
	スライド番号 20
	スライド番号 21
	スライド番号 22
	スライド番号 23
	スライド番号 24
	スライド番号 25
	スライド番号 26
	スライド番号 27
	スライド番号 28
	スライド番号 29
	スライド番号 30
	スライド番号 31
	スライド番号 32
	スライド番号 33
	スライド番号 34
	スライド番号 35
	スライド番号 36
	スライド番号 37
	スライド番号 38
	スライド番号 39
	スライド番号 40
	スライド番号 41
	スライド番号 42
	スライド番号 43
	スライド番号 44
	スライド番号 45
	スライド番号 46
	スライド番号 47
	スライド番号 48
	スライド番号 49
	スライド番号 50
	スライド番号 51
	スライド番号 52
	スライド番号 53
	スライド番号 54
	スライド番号 55

