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EoS constraints from a 
model-independent approach



EoS and empirical
constraints

• EoS can be
characterized by 
empirical parameters
௞ܲ ൌ ߲௞݁/߲ߩ௞ ex:J,L,…

• DFT models
corresponding to 
different EoS are 
compared to exp.data

• ௞ܲ േ ∆ ௞ܲ	determined
fitting the model to the 
data

• Correlations among
௞ܲ	are typically observed

M.Fortin et al, PRC 94,035804



Problems
• Nuclei are not simply

droplets of nuclear
matter! Energy
functionals contain
many terms

=> Uncertainty in gradient 
couplings gets mixed up with
uncertainty in Pk

• Pheno functionals
contain spurious
correlations among
emp.parameters

=> results are model dependent

C.Ducoin et al PRC 2011
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A model independent
approach

• Nuclei are not simply
droplets of nuclear
matter! Energy
functionals contain
many terms

=> Uncertainty in gradient 
couplings gets mixed up with
uncertainty in Pk

• Pheno functionals
contain spurious
correlations among
emp.parameters

=> results are model dependent

A single effective isoscalar
gradient term

to be fitted on nuclear masses
݁ ݊, 	ߜ ൌ ݁ேெ ൅ ܥ ݊ߘ ଶ

Taylor expansion around n0

݁ேெ ݊, ߜ ൌ෍
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݇! ܿ௞

ூௌ ൅ ܿ௞ூ௏ߜଶ
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݊ ൌ ݊௣ ൅ ݊௡
ߜ ൌ ݊௣ െ ݊௡ /݊

Steiner, Lattimer, Brown ApJ722(2010)33



HNM: Quality of the Taylor 
expansion  

Chiral EFT 
I.Tews, T.Kruger,K.Hebeler,A.Schwenk PRL110(2013)032504

Sly5 
E.Chabanat, P.Bonche, 
P.Hansel, J.Meyer, 
R.Schaeffer,
NPA627(1997)710



Symmetry energy



Present uncertainty on Pk: 
prior distribution



HNM: Constraints from
neutron star physics

• Causality: 0 ൏ ௦ݒ ൏ ܿ
• NS stability: ݌ߘ ൐ 0 for ݊ ൐ ݊଴ in equilibrium-ߚ
• ௦௬௠ܧ ൐ 0
• Mmax>2Mo

• Limit on DURCA:
o No DURCA up to 2Mo – DURCA0
o DURCA only for M>1.8Mo – DURCA1
o DURCA only for M>1.6Mo – DURCA2



Results





Finite nuclei
• Nuclei are not simply

droplets of nuclear
matter! Energy
functionals contain
many terms

=> Uncertainty in gradient 
couplings gets mixed up with
uncertainty in Pk

A single effective isoscalar
gradient term

to be fitted on nuclear masses
݁ ݊, 	ߜ ൌ ݁ேெ ൅ ܥ ݊ߘ ଶ

Observables from ԰ଶ-ETF with
parametrized density profiles  

݊௤ ݎ ൌ
݊଴௤

1 ൅ ݁
௥ିோ೜
௔೜

Analytical integration of  the 
Fermi integrals

F.Aymard et al., J.Phys.G43,045105(2016)



Calibrating the gradient term
• ݁ ݊, 	ߜ ൌ ݁௕௨௟௞ ൅ ܥ ݊ߘ ଶ ݁ ݊, 	ߜ ൌ ݁௕௨௟௞ ൅ ܥ ݊ߘ ଶN=Z

௞ܲ േ ∆ ௞ܲ C േ 20

Optimized C
Sly4

• Residual deviations are 
due to the semi-
classical approximation



Semi-magic isotopic
chains

(N-Z)/A

+ Z=20
Z=28
Z=50
Z=82



Exploring the 
parameter space

Average binding-energy deviation Average binding-energy deviation



Results: radii
• After filter; cutoff=0.2 MeV

Exp data



Results: n-skin



Results: correlations
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Conclusions
• Constraints on EoS empirical parameters need both NS 

physics and laboratory experiments
• We propose an empirical EoS avoiding spurious

constraints from the energy density functional form
• Finite nuclei observables from ETF with a single gradient 

term fixed from nuclear mass  
• Bayesian determination of parameters with flat or 

gaussian prior

• Third order derivatives still largely unconstrained
• SKIN CORRELATED TO L
• ALMOST NO CORRELATION AMONG EMP.PARAMETERS








