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3.2, Asymmetric infinite nuclear matter

As function of ¥, = Z/A (or [ = (N — Z)/A), we can use the density functional
given by Egs. (2.5), (2.6) to write the energy per particle of an asymmetric infinite
nuclear matter:
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with the following definition for the asymmetry factors:
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All of the curves obtained by Skyrme EDF are given by
the analytical expression

F(p) =ap+bp” + cp*/® + dp°/® (1)

nuclear-matter EOS

Fm = (E/A) (2)
neutron EOS
F, = (E/N) (3)
symmetry energy
S = Fyym = Fy, — Fiy (4)

p from s-wave

p” from density dependence ¢ = (1+s)
p*? from kinetic energy

p°/3 from p-wave (effective mass)

Alex Brown, LSTNT, Oct 7, 2019



J(p) = F(p)
L(p) = 3pF'(p)

K(p) = 952F"(p) Typical values (MeV) at

0.10 0.16 0.10 0.16 nucleonsfm
O LI B B LR B 7 A B
S 5 F J, -14  -16
i’ 10 | Lo, 0
Y s E K., 240
-2of-
50
3 40F J 25 34=5
> s L 68 =L
@ 20 F ~ s -
10 5 . Kq -100
0 F s
S 50 F E
2 40F E
S sf iy 1 18
m 205_ Rnp=0.20fm_§ Ln 68
1 -
2 T T K, 140

0.0 0.1 0.2 0.3 0.4 0.5
density (nucleons/fm?3)

Alex Brown, LSTNT, Oct 7, 2019



In terms of
= (pn i pp)

i (Pn + pp)
A more general EOS can be expanded in the form

E(p,a) = &(p,a =0) + Ss(p) a® + S4(p) a*

110%E

_' (pa a)] 012 i3 1 [348(p, a)] o
2 0a? 1.—0 241 0Oa? la—o
and for the symmetry energy

S(p) = Sa(p) + Sa(p)

The S, derived from nuclear properties has a very large uncertainty, e.g. an
(N — Z)* term in the liquid drop model has a very large uncertainty.

4

= &(p,a=0)+

With Skyrme we assume that this comes from a specific functional form.
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Nuclear data for th&kx the parameters

APropertiesholfl dgicrd wsled
160, 240, 34Sj, 49Ca,*8Ca, 8N, 98N, 88Sr,100Sn, 132Sn and?%%Pb

A Binding energies, [Z,N] [Z+1,N] FA,N] [ZN+1] [Z,N1]
fitted to within about 1 MeV

A rms charge radii
fitted to within about 0.02m

A 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.02

The Aproton charfime radius puzzleo
0.879(11) from electron scattering

0.833(10) from atomic Lamb shifBérginovet al., Science 365, 1007 (2019).
0.8409(4) from muon Lamb shift

results differ 0.04m (7 s)
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5DCH 5 dimensional collective Hamiltonian
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