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1. Motivations1. Motivations
 The Skyrme-type Energy Density Functionals The Skyrme-type Energy Density Functionals ((EDFEDF) are ) are veryvery

successful successful for for describing many nuclear phenomenadescribing many nuclear phenomena..

 The The 8 8 parameters parameters are are generally adjusted directly generally adjusted directly onon  ((mostlymostly
empiricalempirical) ) properties properties of of nuclear matternuclear matter..

 It is desirable It is desirable to to build build EDF on EDF on the the basis of basis of microscopicmicroscopic
calculations calculations of of nuclear matternuclear matter..

 An An earlier attempt earlier attempt ((Cao, Lombardo, Cao, Lombardo, ShenShen, NVG, , NVG, PhysPhys. . RevRev. C. C
73, 014313 (200673, 014313 (2006)) has )) has proposed the proposed the LNSLNS  parametrizationparametrization
based based on on Brueckner-HF Brueckner-HF ((BHFBHF) ) calculationscalculations..

 Can one Can one improve this resultimprove this result??
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Brueckner-HF with Brueckner-HF with 3-body forces (1)3-body forces (1)
Brueckner-Bethe-Goldstone (BBG) equation:

V_2(bare): Bonn B potential
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Brueckner-HF with Brueckner-HF with 3-body forces (2)3-body forces (2)
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Brueckner-HF with Brueckner-HF with 3-body forces (3)3-body forces (3)

Same meson exchange parameters as in Bonn B
P. Grangé et al., Phys. Rev. C 40, 1040 (1989) 
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How to How to determine Skyrme energydetermine Skyrme energy
functionals from functionals from BHF BHF equation equation of stateof state

BHF results of E/A are
reasonably well reproduced
in general by Skyrme
parametrizations, at least up
to saturation density

Fitting only E/A leads to
large indetermination 
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U(T,S) components of U(T,S) components of potential energy potential energy inin
symmetric nuclear mattersymmetric nuclear matter
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contradictory results contradictory results in in separate spin-isospinseparate spin-isospin
channelschannels

(S,T) components of potential energy
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LNS LNS parametrizationparametrization
(Cao, Lombardo, (Cao, Lombardo, ShenShen, NVG, , NVG, PhysPhys. . RevRev. C 73, 014313 (2006)). C 73, 014313 (2006))
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Finite Nuclei with Finite Nuclei with LNSLNS

 Density Density profilesprofiles  Energies Energies and Radiiand Radii
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Strategy Strategy for for parameter fittingparameter fitting

Minimization of

Np: 10 values for each (S,T)
N: 8 magic nuclei
Impose P=0 at saturation point
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Nuclear matter results Nuclear matter results of of thethe
22  new new parametrizationsparametrizations
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Closed-shell nuclei with Closed-shell nuclei with newnew
parametrizationsparametrizations
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Nuclei Nuclei not not included included in in the the fit:fit:
the Sn chainthe Sn chain

Energies

Radii
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A A further further test:test:  giant resonancesgiant resonances
We calculate We calculate as a check, as a check, using using RPA,RPA,
some some collective excitations in 208Pbcollective excitations in 208Pb

Isoscalar: 0+, 2+
Isovector: 1-, Gamow-Teller (1+)
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The 2 new Skyrme 
parameter sets
LNS1 and LNS5 
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SummarySummary
--  BHF BHF with with 3-body 3-body effects can describeeffects can describe

correctly the correctly the EOSEOS
--  Skyrme functionals can only reproduceSkyrme functionals can only reproduce

approximately approximately BHF BHF results results in in nuclear matternuclear matter
--  One has to impose One has to impose additional constraintsadditional constraints

on on finite nucleifinite nuclei
-- It is then  It is then possible to possible to determine parameterdetermine parameter
sets (LNS1,LNS5) sets (LNS1,LNS5) which give satisfactorywhich give satisfactory

results results in in nuclear matter and nuclear matter and in in nucleinuclei
-- The analytical form  The analytical form of of SkyrmeSkyrme

parametrization puts constraints parametrization puts constraints on on resultsresults


