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Phenomenological nuclear mean field

56Ni, Woods-Saxon potential with Bohr-Mottelson parameterization

(Parameterization from A. Bohr and B. Mottelson, Nuclear Structure, Vol. | (1969))
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Polarization effects by odd particles or holes
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Blaizot and Ripka
Problem 10.14
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* no density dependence
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* no density dependence e orbital with highest | K|
* N0 c-0-m correction

e full tensor
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Phenomenological functional generators

e Gogny™

V(FL—72) = Z 1 Ze—(ﬂ—f’ﬂzf“? x (W; + B;P, — H;P, — M,;P,P;)
=1,

+t3(1 + P,)o(7 — 72)p"/? [L (7 + 7)]|-
PJ:%(I—I—&H-&'E) and P, :%(l-l—’F]_"Fz) are, respectively, the spin and isospin exchange
operators of particles 1 and 2, p(7) is the total density of the system at point 7,
and p;=0.7 and 1.2fm, W;, B;, H;, M;, and t; are parameters.

e Skyrme™

V(77 775) = {to(1 + 2o P7) H ats(1 + 23P7)p" (3(71 + 72))

#*2 — - ¥ o
+3t1(1 + 2, P7) [k + E?] + t2(1 + 22 PO)K - k} §(7 — 7)) 8(Foy — 74) 0 (7 — 7%),

-t — — =/ - -
where the relative-momentum operators read k = ; (Vl — Vg), k=g (Vi —V ’2)

*We omit the spin-orbit and tensor terms for simplicity.
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Polarization corrections & self-interaction

E* = Ti(tp") + 3T Tra(p" 5[0 0, (38a)

EA:I:] A:I:l) 4 %Tl'lTrz(pAilﬁ[pAil]pAil). (38b)

= Tr(tp

antisymmetric, the SI term (44b),

El =i, (45) - [Self-interaction}

1s nonzero, and explicitly appears in Eq. (43). This leads to
corrections to s.p. energies now having the form,

Se, = +8E = + (SEly + EL) . CONE 3 dhj;

)
Pk'k>

where, based on the analogy with Eq. (37), the first term can k'k p=ph
be called self-interaction-free (SIF) polarization correction,

Fa% v 7 w |2 . _
; Yo P XS+ Y - ~ RPA: Self
SEGr =0 heo ' (47) interaction free

w=>0
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Self Interaction
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Self Interaction
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Lessons learnt

» For density-independent effective
interactions, mean field polarization
effects are exactly equivalent to diagonal
RPA corrections.

» For density-dependent effective
interactions, mean-field energies of odd
nuclei are polluted by the self-interaction
energies.
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Polarization corrections
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Particle-vibration-coupling (PVC) corrections
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Particle-vibration-coupling (PVC) corrections
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Particle-vibration-coupling (PVC) corrections
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Neutron states

Like-particle vs. unlike-particle PVC

Proton states
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Conclusions

For density-dependent effective interactions, mean-field
energies of odd nuclei are polluted by the self-interaction
energies.

The single-particle energies (SPEs) with particle-vibration-
coupling (PVC) corrections included and then adjusted to
empirical data do not give satisfactory description of
experiment.

The main source of disagreement with data is still in the
underlying mean fields, and not in including or neglecting
the PVC corrections.

The search for better energy density functionals (EDFs),
which is currently pursued in various directions, remains an
important priority for the field.
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Thank you
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Nuclear densities as composite fields

©
=
o

(n)

0.05

Particle density (fm™)

100
S

n

R (fm)

pl Tl

Modern Mean-Field Theory = Energy Density Functional
>

J, ], T, s, F,

— — — —

m Hohenberg-Kohn
B Kohn-Sham

B Negele-Vautherin
B Landau-Migdal

3 Nilsson-Strutinsky Y,

~

mean field = one-body densities
zero range = local densities
finite range = non-local densities

Jacek Dobaczewski M

31//~
N Y'Y e

UNIVERSITYW e

W A \1\8?\

)

JYVASKYLAN YLIOPISTO
UNIVERSITY OF JYVASKYLA

27126




How the nuclear EDF is built?

Elp(T1,72)] = f dridr H(p(T1, 72))

Energy Density Energy Density
Functional (EDF)

H(p(T1,72)) = V(F1 — 72) [P(’f_’l)P(T_‘E) — p(71, T2) p(T2, ’f"l)}
(‘ P 4

{ Exchange }

{ Direct
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Introduction

The energy required to remove a particle with quantum numbers i,
outside of the nucleus with A+1 particles

E! = Ef — EMY

separation

in mean-field formalism the energies of the systems with A and A+1
particles are given by the expectation value of the Hartree-Fock
Hamiltonian in a proper state:

Es' = (ol H |¢o) = E[p"]

@ Separation energies. ,
: : [{(A [Hpy | NA)|
@ Single-particle levels. E —Ef=e\ — > =

N=0 =N

@ Polarization corrections.
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Blaizot and Ripka
Problem 10.14
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. (Color online) Same as in Fig. 1, but for the Skyrme EDF

SLy5 [49]. The RPA results correspond to the SIF terms in Eq. (46).
whereas RPA -+ SI denotes both SIF and SI contributions combined.
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Particle-vibration-coupling (PVC) corrections
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