
Nuclear Equation of State  

Introduction  
The nuclear equation of state (EoS ) describes the energy per nucleon  as a function of the 
neutron ( ) and proton ( ) densities of an uniform and infinite system at zero 
temperature  that interact only via the residual strong interaction, or nuclear force. (Neglect 
the Coulomb interaction)

Ideal system : in the interior of nuclei and in cold neutron stars.

Nuclear energy density functional (EDF ) constitutes a unique tool to reliably and 
consistently access bulk ground state and collective excited state properties of atomic nuclei 
along the nuclear chart as well as the EoS around saturation density .

Phenomenology  
saturation density 

Ground state  
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The density in the interior of  very different nuclei is almost the same   a 
saturation mechanism (equilibrium)  .

Stable nuclei are not far to be symmetric + assuming the nuclear force is isospin invariant 

   

The most famous macroscopic model : liquid drop model 

(neglecting pairing effects among others)

Symmetry energy term

Liquid drop model  diffuse surface 1   droplet model (DM)  prediction of neutron 
skin thickness ( )
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Relative neutron excess : ; Coulomb correction ; shift in the neutron skin 
due to the Coulomb interaction : 

As isospin asymmetries  are relatively small, an expansion for 
 :

Incompressibility of symmetric nuclear matter ; symmetry energy at saturation 
; the slope of the symmetry energy


at saturation ; the incompressibility (or curvature) of the symmetry energy at saturation 

Neutron matter EoS : , 
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