Mean-field (Hartree-Fock) Theory
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Bare nucleon-nucleon interaction
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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
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Phenomenological effective interactions

G-matrix
e ab 1nitio
e but, cumbersome to compute (especially for finite nuclei)
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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Skyrme interaction density dependent zero-range interaction
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Skyrme interaction density dependent zero-range interaction
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Skyrme interactions: 10 adjustable parameters

v(r, ") = to(1+ zoPs)é(r — 1)
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A fitting strategy:

B.E. and r__: 1°0, 4°Ca, ¥Ca, >°Ni, *'Zr, 298Pb,.....
Infinite nuclear matter: £/4, p,,. ...

Parameter sets:
SIII, SkM*, SGII, SLy4,.......



EOS of infinite nuclear matter
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EOS of infinite nuclear matter
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deformation and two-neutron separation energy
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Mean-field approximation and deformation
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Nuclear Deformation
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Nuclear Deformation

Excitation spectra of 1>4Sm
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Nuclear Deformation

Excitation spectra of 1>4Sm cf. a classical rigid rotor
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E(47)/E(2Y)
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K.S. Krane, “Introductory Nuclear Physics”



E(47)/E(2Y)

deformed nuclei:
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E(47)/E(2Y)

i deformed nuclei:

< ~ E(44)/E(2") ~3.3
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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
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One-particle motion in a deformed potential
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Figure 13. Nilsson diagram for protons, Z > 82 (g, = £2/6).
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Angular Momentum Projection
V ZE-AEBHENESS(HEHED

vV BBl HRE—

E =D EFIREE

0": no preference of direction (spherical)

m==) Mixing of all orientations with an

equal probability
+ + 4+
Vo) = [ dQ[We)

other states:

BIRREIZIESTLVELY)

—AEE SR

W) = /dQ Y ()| Wq)

(for K=0)



Projected wave function:
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