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引言

 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 

 This influence will change intrinsic equations of states , 

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

whole properties of the star



Deduction
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Defining for relativistic electrons:   ( )
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 Micro-state number  in the weak-

magnetic field approximation:

 Introducing dimensionless  momentum 

According to Pauli’s  exclusion  principle,  

electron number density is equal to its  

energy state density

 By defining  the mass of a baryon B
m
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  Matter density  can be expressed as:  

Combining  Eq.(4) and Eq.(5), we get:

 Inserting and    

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

rewritten as :        
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 Combining  Eq.(1) with Eqs. (7)

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

fraction in the outer core region
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 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, we will get one-

to-one relationship between

the electron fraction and

matter density at different

depths in a NS, then obtain

the value of Fermi energy of

electrons given any density .





Numerical simulation (I)
 The studies of nucleon matter using Argonne v18 two-nucleon interaction (Av18)

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

possibility of a transition to a neutral pion condensed phase for both symmetric

and pure neutron matter;

 Akmal, Pandharipande, & Ravenhall(1998) (APR98) investigated the properties

of dense nucleon matter and the structure of NSs, and provided an excellent fit

to all of the nucleon-nucleon scattering data in the Nijmegen data.

 In APR98, the authors not only considered thenon-relativistic calculations with

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

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

nucleon interaction (UIX*).

 The difference between these two models lies in that whether the effect of three-

nucleon interaction (TNI) is considered. These two models can be regarded as

more realistic models.

(Akmal, Pandharipande, \& Ravenhall  1998)



According to the APR98, the effective interactions have same form

where  at zero temperature, and 







By performing 2nd order polynomial fitting, we obtain





Relativistic mean field (RMF)

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

standard method to study nuclear matter and finite-nuclei

properties.

 According to RMF models, the strong interaction between

baryons is mediated by the exchange of isoscalar scalar and vector

mesons σ, ω, isovector vector meson ρ.

 There are two additional strange mesons namely isoscalar scalar

σ* and vector ϕ mesons considered by some authors (e.g.,

Schaffner & Mishustin 1996; Xu et al. 2012).

We adopt  the five-mesons-model in RMF, the lagrangian has 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















The relation of         and           in four MMF models e
Y 



We obtain a set of analytical expressions of for 

TMA parameter set

Analynical expressions(1)

e
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We obtain a set of analytical expressions of for 

GM1(SU3) parameter set

Analynical expressions 
(2)
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We obtain a set of analytical expressions of for 

NL3 parameter set

Analynical expressions (3)

e
Y







 We deduce a uniform formula of Fermi energy degenerate and

relativistic electrons in the weak-magnetic field approximation.

 We performed numerical simulations firstly in APR98, then in RM

models, and obtained a number of analytical representations of Ye.

 Since Ye and EF(e) are important in assessing cooling rate of a NS and

the possibility of kaon/pion condensation in the NS interior, the

analytical representations obtained will be very useful in the future

study on thermal evolution of a NS and the EoS of NS’s matter under

extreme conditions, though our methods are indeed simple.

Conclusions
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your attention!


