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ü The electron fraction and the Fermi energy of relativistic 

electrons in  circumstances of neutron stars (NSs) are two 

important physical parameters influencing directly weak-

interaction processes including MURCA reactions,  electron

capture and so on 

ü This influence will change intrinsic equations of states , 

interior structure and  heat evolution of a NS, and even affect 

whole properties of the star
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üDefining for relativistic electrons:   ( )
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üMicro -state number  in the weak-

magnetic field approximation:

üIntroducing dimensionless  momentum 

üAccording to Pauliôs  exclusion  principle,  

electron number density is equal to its  

energy state density

üBy defining  the mass of a baryon B
m
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üCombining  Eq.(4) and Eq.(5), we get:

üInserting and    

into Eq.(6), we get:
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üUtilizing , Eq.(5) is 

rewritten as :        
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üCombining  Eq.(1) with Eqs. (7)

and (8) , we get
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üFrom Shapiro \& Teukolsky (1983),  we get the electron 

fraction in the outer core region
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ü Inserting Eq.(10) into  Eq.(9),  we get
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Inserting Eq.(10) into  Eq.(11),  we get

)

Application conditions:
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Numerical 
simulation

Using reliable equations of

state (EOSs) and numerical

simulations,wewill get one-

to-one relationship between

the electron fraction and

matter density at different

depths in a NS, then obtain

the value of Fermi energyof

electronsgivenany density .
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Numerical simulation (I)
Å The studiesof nucleonmatter using Argonne v18 two-nucleoninteraction (Av18)

and Urbana IX three nucleon interaction (UIX ) indicated that there is a

possibility of a transition to a neutral pion condensedphasefor both symmetric

and pure neutron matter;

Å Akmal , Pandharipande, & Ravenhall(1998) (APR98) investigatedthe properties

of densenucleon matter and the structure of NSs,and provided an excellentfit

to all of the nucleon-nucleonscatteringdata in the Nijmegendata.

Å In APR98, the authors not only consideredthenon-relativistic calculations with

Av18 and Av18+UIX models for nuclear forces, but also described the

relativistic boost interaction model (denoted as ŭv) with and without three-

nucleoninteraction (UIX* ).

Å The difference betweenthesetwo modelslies in that whether the effect of three-

nucleon interaction (TNI) is considered. Thesetwo modelscan be regarded as

more realistic models.

(Akmal, Pandharipande, \& Ravenhall  1998)



According to theAPR98, the effectiveinteractions havesameform

where  at zero temperature, and 







By performing 2nd order polynomial fitting, we obtain





Relativistic mean field (RMF)

ÅThe relativistic-mean-field (RMF) theory, which has become

standard method to study nuclear matter and finite-nuclei

properties.

Å According to RMF models, the strong interaction between

baryonsis mediatedby theexchangeof isoscalarscalarandvector

mesonsů,ɤ,isovectorvectormesonɟ.

ÅThereare two additionalstrangemesonsnamelyisoscalarscalar

ů* and vector ◖mesonsconsideredby some authors (e.g.,

Schaffner& Mishustin1996; Xu etal. 2012).

We adopt  the five-mesons-model in RMF, the lagrangianhas the 

form of  



The lagrangian of  five-mesons-model



The meson field equations in NSs are as follows



At T=0 the lepton chemical potentials are expressed by

The charge neutrality condition is given by



By solving the coupled equations self-consistently at a given 

density, we get the total energy state density and total pressure












