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MotivationMotivation
1. The neutron skin thickness is highly sensitive to the pressure of pure neutron 

matter: the greater the pressure, the thicker is the skin as neutrons are 
pushed out against surface tension;

2. This same pressure supports neutron stars against gravity, therefore many 
neutron star properties are also very sensitive to the pressure of pure 
neutron matter and density dependence of the symmetry energy.

3. Correlations between neutron skins of neutron-rich nuclei and various neutron 
star properties are naturally expected. Our purpose is to provide meaningful 
theoretical error-bars and to assess the degree of correlation between them;
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Relativistic Density Functional
The effective Lagrangian density:

scalar-isoscalar
vector-isoscalar

vector-isovector

and higher order 
interactions

Covariance Analysis

Model parameters are found by minimizing
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Covariance of two observables are found from 

where

Correlation coefficient is



Model: FSUGold
We used an accurately-calibrated FSUGold model (ground state properties, 
collective excitations, etc) with 7 interaction parameters.
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Our result shows that a 20% error in the slope of symmetry energy translates to
a neutron skin thickness of

fmRRR pnskin 037.0207.0 ±=−≡

which corresponds to about a 0.7% uncertainty in the neutron radius of 208Pb.
Compare with 48Ca: fmRRR pnskin 019.0197.0
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Model: FSUGold

fmRRR pnskin 037.0207.0 ±=−≡

which corresponds to about a 0.7% uncertainty in the neutron radius of 208Pb.
Compare with 48Ca: fmRRR pnskin 019.0197.0 ±=−≡

PREXPREX--I I 
Central ValueCentral Value

No deterioration in the predictions
of binding energies and charge radii
of closed shell nuclei!

Question #13: What is the needed accuracy in Rskin?

Systematic Study 
(ad hoc?)

Not necessarily the same error-bars if 
used different models!



Results
Pure Neutron Matter:

Finite-nuclei observables are not 
sensitive to the high-density  
component of the EOS!

PRC 86, 015802 (2012)

FSUGold is 
consistent with 
PNM results!

For comparison 
correlation coefficient 

between the neutron skin 
of 48Ca and L is

0.9826



Results
Neutron Star Radii:

1. Constraining EOS at low densities 
from radii of low-mass NSs are 
difficult as they may be very rare.

2. However this is possible from 
neutron radii as they contain the 
same information. 
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Results
Direct Urca Process (fast cooling):

Model independent 
threshold proton 
fraction of 1/9!

Models with stiff symmetry energy (large slope) favor large 
proton fractions at high density  correlation;

These same models (large slope) also drop faster 
(compared to models with the soft symmetry energy) at low
densities anticorrelation;

In a realistic case of a non-zero muon fraction, 
threshold proton fraction is about:

Modified Urca Process requires a bystander neutron 
to conserve momentum at the Fermi surface (slow cooling)

Thin skin large Urca mass threshold;
Observation of large skin AND enhanced
cooling of stars indicator for exotic core



Results
Core-Crust Transition:
Crust is believed to play important role for:
• Pulsar Glitches;
• Giant Flares (through QPO);
• Gravitational Waves.

Transition depends on the proton fraction (density
dependence of symmetry energy at low densities)!

Stiff symmetry energy falls rapidly at low densities;
Tolerates a large isospin asymmetry;
Small proton fraction low transition density!

The thicker is the neutron skin the smaller is the proton fraction – inverse correlation!
PRL 88, 5647 (2001)

Note: Covariance analysis cannot assess systematic errors associated with the limitation of 
a given model. Example: A strong correlation found between the transition pressure and 
neutron skin. Therefore, we suggest to perform such analyses using other models.
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Results
Stellar Moment of Inertia:
Prospects of measuring the moment of inertia of
PSR J0737-3039A (10% accuracy).
We found a mild correlation only!

Vela pulsar glitches suggest that at least 1.6% of 
the total moment of inertia should reside in the crust.

The strong correlation is due to transition properties.
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Conclusions

1. Covariance analysis is used to quantify 
correlations and theoretical uncertainties
between neutron skin of 208Pb and various 
neutron star observables.

2. A 10% uncertainty in determination of the slope of the symmetry energy requires a very stringent measurement 
on the neutron radius of lead (at a 0.35% level), or parity violating asymmetry of the order of ~1%.

3. Measuring a ~0.8 solar-mass NS radii to about 10% would be ideal (~0.8% in neutron radius of lead), but they are 
rare, and even if found, achieving such an accuracy has not been easy so far. 
Therefore precise(!) measurements of neutron radii of both 48Ca and 208Pb  will remain the
sole alternative.
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