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Neutron star radius vs. neutron skin:
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J. Carriere, C. J. Horowitz and J. Piekarewicz, Astr. J. 593 (2003) 463.
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Implementations of nuclear symmetry energy

e Nuclear physics
binding energy, drip lines, density distributions, neutron skin, giant resonances, HIC, isospin

diffusion, multifragmentation
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Symmetry energy of infinite nuclear matter
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Symmetry energy in finite nuclei

E = Evo + Esurr + Ecour + Esym + Epair

Esym = asym(A) (] — xalc)?A ~ agyml?A
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Q - surface stiffness coefficient

W. D. Myers and W. J. Swiatecki,

Ann. of Phys. (N.Y.) 55, 395 (1969); Ann. of Phys. (N.Y.) 84, 186 (1974)

M. Warda, Neutron skin and symmetry energy



How nuclear matter symmetry energy csym(p)
and symmetry energy in finite nuclei asym(A) are related?

What can we learn about nuclear matter symmetry energy
from nuclear structure?
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Neutron skin thickness:
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Neutron skin thickness in 2°8Pb:

L. Ray et. a. 1979 | 208,
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Jastrzbski et al. Int. J. Mod. Phys. E13, 343 (2004).
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Droplet model:

3 e’Z 5
t73 J =l
Y0 1+xa
2/’0

5 = agym(A)] A3 (1=-Ic)

W. D. Myers and W. J. Swiatecki,
Ann. of Phys.

Brown PRL85, 5296; Brown, Typel PRC64, 027302
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A =208 A=116 A=40

Model J 3sym p asym P asym P

NL3 374 25.8 0.103 24.2 0.096 21.1 0.083
NL-SH 36.1 25.8 0.105 24.6 0.099 21.3 0.086
FSUGold 32.6 25.4 0.098 24.2 0.090 21.9 0.075
TF - MS 326 24.2 0.093 22.9 0.085 20.3 0.068
SLy4 32.0 25.3 0.100 24.2  0.091 22.0 0.075
SkX 31.1 25.7 0.102 24.8 0.096 22.8 0.082
SkM* 30.0 232 0.101 22.0 0.093 19.9 0.078
Sl 28.2 24.1 0.093 23.4 0.088 21.8 0.077
SGlI 26.8 21.6 0.104 20.7 0.096 18.9 0.082
AVERAGE 0.1 0.93 0.8

Csym(P) = asym(A)
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Csym(p) = asym(A)
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Impact of surface distribution on neutron skin thickness

AR =1\ ¢ 55(b5 — b)
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Impact of surface distribution on neutron skin thickness
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Slope of surface contribution:
o™ =0.3J/Q — 0.05 fm
o™ =0.3J/Q + 0.07 fm
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Recent constraints on the slope of the symmetry energy:

Antiprotonic
Atoms

Nuclear
Model Fit

Heavy Ion
Collisions

N-A scattering
Charge Ex. Reac.
Energy Levels

BHF

L~61t11 MeV

re N-N Potential

L (MeV)
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Origin of neutron skin

p/N p/N

skin halo

ap = ap G =G

2-parameter Fermi density profile
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Which radius describes properly bulk properties?

Central radius C
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R. W. Hasse and W. D. Myers, Geometrical relationships of macroscopic nuclear physics
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Bulk and surface contributions to neutron skin thickness

Brop =/2(Qn ~ Q)

Bulk contribution
Consequence of difference in equivalent sharp radii R, and R,

A= f3 (R~ R = 3 [(Gr- G+ % (8- 2))]

Surface contribution - all the rest

Argert = Ar,,,, Arbule

Arsurf_ 35 bi_bi’ _ /3572 ﬁ_i
np 52 Rn Rp ) — 5 6 Cn Cp
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Bulk and surface contributions to neutron skin thickness
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Bulk and surface contributions to neutron skin thickness
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Bulk and surface contributions to neutron skin thickness in 2°8Pb

T
Total NL1 T
fit: r=0.992, slope=1.6 fm/GeV
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PREX — Pb Radius Experiment @ Jefferson Lab

Parity Violating Electron Scattering on 298Pb

Polarized electrons interact with a nucleus
through electromagnetic field (v - with protons)
and weak field (Zp bozon - mainly with neutrons)

Asymmetry of left-handed and right-handed
electrons is measured

Asymmetry is of the order of one particle per million

PREX @ JLab:
E =1.06 GeV, 6 = 5deg, gj5p = 0.47 fm~!

http://hallaweb jlab.org/parity /prex/

Horovitz et al. Phys. Rev. C63, 025501 (2001)
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PREX — Pb Radius Experiment @ Jefferson Lab
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Conclusions:

e Description of symmetry energy is important in various fields
of physics

¢ Relation between ¢y and agym is found

o Soft symmetry energy (L = 55 MeV) is predicted from neutron
skin data

e Surface term should not be omitted in description of neutron
skin
e Mixture of bulk and surface contributions is fund in numerous

nuclei

e Prescription of calculating neutron skin from PREX is given
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