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Energy-density-functional results for magic nuclei and the 

extrapolation to the neutron matter equation of state  
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g=(1+s) 



Alex Brown, LSTNT, Oct 7, 2019 

Typical values (MeV) at 

         0.10       0.16     nucleons/fm3 

 

Jm      -14         -16 

Lm                       0 

Km                   240 

 

 

Js         25          34 = Sv 

Ls                      68 = L 

Ks                   -100   

 

 

Jn         11          18 

Ln                      68 

Kn                    140 
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48Ca 

48Ni 

132Sn 

100Sn 
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Nuclear data for the Skx the parameters 

• Properties of “closed-shell” nuclei 

     16O, 24O, 34Si, 40Ca, 48Ca, 48Ni, 68Ni, 88Sr, 100Sn, 132Sn and 208Pb 

 

• Binding energies,  [Z,N]    [Z+1,N]   [Z-1,N]    [Z,N+1]    [Z,N-1] 

         

      fitted to within about 1 MeV 

 

• rms charge radii   

 

      fitted to within about 0.02 fm 

 

• Some assumptions about the neutron equation of state 
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Except for the increase just after the magic numbers 28, 50, 82 and 126  

the rms charge radii are understood to the level of about 0.02 fm 

  

 

The “proton charge radius puzzle”  (in fm) 

 

0.879(11) from electron scattering 

0.833(10) from atomic Lamb shift (Berginov et al., Science 365, 1007 (2019). 

0.8409(4) from muon Lamb shift 

 

results differ 0.04 fm (7 s)  
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Hammon et al, zprl  1918 

Cd 
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Gorges et al PRL 2019 

Sn 
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5DCH   5 dimensional collective Hamiltonian 
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Question – how can we extrapolate the properties of nuclei to neutron 

matter and neutron stars?  

 

 

Path A - measure neutron skin or mirror charge radii differences 

 

Path B - use low-density ab-initio theory neutron matter  

 

Path C  - use maximum mass of neutron stars 

 

Remember the basic assumption that all of these are linked by the 

Skyrme EDF functional form 
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 .Friedman-Pandharipanda 

  x  Skx 

 

  lines – other Skyrme type 
functions that fit nuclear 
properties 

  

Path A 
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Question - what determines the size of the neutron skin in 

heavy nuclei like 208Pb? 

(circles) Skyrme-type EDF 

 

(square)   relativistic mean filed (RMF)  

Path A 
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One of the most complete versions from 2011 -   

Note: it is the skin vs L (at 0.16 nucleons/fm3) 

Path A 
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Started with 12 Skyrme-type EDF -  most from CSkP of Dutra et al.  PRC 85, 035201 (2012).  

Path A 



Alex Brown, LSTNT, Oct 7, 2019 

incompressibility      effective mass                for nuclear matter 

 

Km = 215 – 240         m*/m = 0.70 to 1.00      these are reasonable ranges 

 

Path A 



Alex Brown, LSTNT, Oct 7, 2019 

Some combinations of parameters were refit to my SkX data set 

 

But I also add a constraint to have fixed values for the neutron skin of 208Pb 

 

0.16,  0.20,  0.24 fm 

Path A 
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No Coulomb  

 

 

 

 

 

 

 

 

 

With Coulomb 
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With Coulomb  

 

 

 

 

 

 

 

 

 

With Coulomb 
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       Poster presented at NS2018     
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0.05 fm is a very small radius scale – we need to consider  

 

1) Proton size problem (0.04 fm) 

2) Spin-orbit relativistic correction to the charge radius (0.02 fm) 

3) Mirror asymmetry in the deformation, B(E2), correction (0.02 fm) 

4) Near the proton continuum for proton-rich nuclei (?) 

 



Alex Brown, LSTNT, Oct 7, 2019 

Path B 
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Path B 
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Path B 
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Rnp = 0.18 

Path B 
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Path B 
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The low-density and nuclear fit was not sensitive to the neutron effective 

mass, and we assumed that [mn*/m] (at 0.16 nucleons/fm3) = 0.85 

 

Path B 
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The result is that we predict !  

 

Lv = 56(5) MeV 

 

Rnp(
208Pb) = 0.184(9) fm 

 

Rnp(
48Ca) = 0.173(4) fm 

 

What if these turn out to be wrong? – then 

 

1) The ab initio low-density neutron EOS is wrong 

2) The Skyrme functional form is wrong  

 

Path B 
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Path C 
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Path C 
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Blue area is the region 

allowed by the LIGO 

event GW170817 

 

Path C 
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Max neutron star mass requires [mn*/m] (at 0.16 nucleons/fm3) = 0.60-0.65 

 

Path C 
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Max neutron star mass requires [mn*/m] (at 0.16 nucleons/fm3) = 0.60-0.65 

 

This is determined from nuclear matter high 3-5 times normal nuclear matter 

 

Maybe for high density Skyrme EDF it is just mocking up new physics 

 

But at least Skyrme EDF is capable of provided a smooth parameterization  

for 

 

1) ab-initio low-density neutron matter 

2) BE and radii of nuclei 

3) Max mass of neutron starts 

 

Path C 


