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Outline
l Introduction to the neutron star equation of 

state.

l Relation between the symmetry energy and 
proton fraction.

l Generic examples for the symmetry energy.

l Results for the neutron star equation of state: 
direct Urca cooling and universal symmetry 
energy contribution.

l The neutron star radius and the symmetry 
energy 2



Key Questions

l What is the influence of the symmetry energy 
in the neutron star properties?

l Can we learn from neutron star observations 
about the symmetry energy?

l What is the role of the forbidden DUrca (fast) 
cooling for low mass stars in the equation of 
state?
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Compact Star Sequences
(M-R ↔ EoS)

l TOV Equations
l Equation of State (EoS)

Lattimer,
Annu. Rev. Nucl. 
Part. Sci. 62, 485 

(2012)
arXiv: 1305.3510
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MDI-type and DD2-based E
s





Symmetry energies



Direct Urca process 
constraint



Quark substructure effects in baryonic 
matter

s
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Benic, Blaschke, Alvarez-Castillo, Fischer, Typer, A&A 577, A40 (2015)



Excluded Volume



Symmetry energy 
Conjecture

Kaehn et al. PhysRev C74 (2006)
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Universal symmetry energy 
contribution

The symmetry energy contribution to the neutron star EoS behaves universal!



Universal symmetry energy 
contribution

The symmetry energy contribution to the neutron star EoS behaves universal!



Neutron Stars



Radius constraint

J.M. Lattimer, M. Prakash, Astrophys. J. 550 (2001) 426

Empirical demonstration of the constancy of Rp
*-
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Neutron Star Radius



NICER 2017
Gendreau, K. C., Arzoumanian, Z., & Okajima, T. 2012, Proc. SPIE, 8443, 844313
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Hot Spots
Gendreau, K. C., Arzoumanian, Z., & Okajima, T. 2012, Proc. SPIE, 8443, 844313
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Conclusions
l There exists a universal symmetry energy contribution to 

the equation of state for certain class of functionals, in 
particular those respecting the DUrca constraint.

l Excluded volume effects can also prevent the DUrca 
cooling for very stiff equations of state and also influence 
the mass and radius properties.

l The Prakash - Lattimer relation allows to constraint the 
radius. 

The symmetry energy parameters at saturation directly 
influence the neutron star radius: P(n

0
) ~ L.

l Precise determination of the gamma, S and L parameters 
is desirable for NS studies. In the contrary, mass radius 
measurements might help to constraint those values.Gracias19
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