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 The Standard model of particle physics takes quark model as structure carrier, and is built 

and developed gradually on the basis of the unified theory of electro-weak  and quantum 

chromodynamics. Glasow et al. are the founders 。   

  

 The Standard Model is a theory concerning the electromagnetic, weak and strong nuclear 

interactions. It divides particles into the two categories of fermions(including quarks and 

leptons) and bosons (including gluons, photons, W and Z bosons and Higgs boson) 

according to their and can explain  the properties and interactions of elementary particles 。 

 

 All the particles but the Higgs boson have been experimentally supported and validated. 

The Higgs boson has no spin or electric charge, but has mass。 

    

 The differences in their spins make fermions and bosons have completely different 

properties.  A fermion has a semi-integer spin and obeys the Pauli exclusion principle.  

The boson has integer spin and does not follow the Pauli exclusion principle。  

The Standard model of  

   particle physics 



 In 1924, a young Indian physicist S. Bose 

proposed a new idea of distinguishable identical 

particles. Einstein extended Bose's statistical 

method on photons to atoms, This is what we 

call Bose-Einstein condensate (BEC). 

 

 In 1938,London proposed that the superfluid of 

liquid helium (He4) was essentially a quantum 

statistical phenomenon, Until the end of last 

century, this research made a breakthrough. 

 Recently, the study on BEC has developed 

rapidly and a series of new phenomena were 

observed, such as the coherence in BEC, 

Josephson effect, spiral, ultra-cold Fermi 

atomic gas. In neutron stars, superconductivity 

and superfluid belong to BEC phenomenon.。 

3 Nobel price honors 

Stevn Chu;  Claude Cohen-

Tannoudji;  William Daniel Phillips 

Bose-Einstein Condensate 



 The concept of Bose stars was first proposed by Ruffini and 

Bonazzola in 1969.   It is generally believed to be a dense star 

formed by the collapse of a boson cloud with a spin of 0 under the 

action of self-gravity. 

 

 Bose stars contain at least one scalar field are  considered as a 

macroscopic BEC phenomenon under the action of gravity.  If a 

scalar field exists in nature, it is possible to form a gravitational 

binding through the  Jeans instability. 

 

 There is no degenerate pressure inside the planet, but it will not 

collapse indefinitely. The way that  Boson stars prevent infinite 

gravitational collapse  is by the Heisenberg uncertainty principle。 

 The concept of Bose stars   



 Fluid Boson stars   



Employing a covariant divergence formula, then Eq.(2b) is rewritten as 

2.2 The ground state solution to Einstein-Klein-Gordon equation in  

         a scalar field 



Considering the ground state of scale field, the expression above is simplified as 



Inserting Eq.(11) and Eq.(12a) into the Einstein field equation of Eq.(2a), we obtain 

two independent equations 

Equations of (11),(14),(15),(17) and (18) collectively describe the ground-state 

properties of a complex scalar field. 



A fluid boson star discussed here refers to a scalar field system mixed with fermions, 

Fermions inside a boson-fermion star are always treated as an ideal fluid, whose 

energy-momentum tensor is written as 

 

The properties of a fluid Boson star 

Inserting Eq.(21) into the Einstein field equation, we get an equilibrium equation 

for the Fermi fluid, 



Assuming that the system is composed of a cold boson-fermion fluid, the total energy-

momentum tensor could be expressed as the sum of two terms, 

Combining Eq.(12) with Eqs.(21) and (29), for a spherically symmetric  static boson-

fermion star in the ground state, its energy-momentum tensor is given by 

Boson Fermi stars  



where the apostrophe signifies the derivative of x. Comparing Eqs.(31,32) with Eqs.(14,15), it is 

easy to see that the Einstein field equation becomes different when a scalar field is coupled with 

an ideal Fermi fluid Inserting all of the variable substitutions above into Eq.(7) yields 

Substituting Eq.,(35) into Eq.(34), we have 

Inserting Eq.(30) into the Einstein field equation of Eq.(2a) and making use of 

variable substitution: 

where 



Substituting Eq.,(35) into Eq.(34), we have 

For the fermions, if we apply the above variable substitutions to Eq.(26) 

of the fluid equilibrium, then have 



Equilibrium Equation of Boson-Fermi Star in Newtonian Approximation 

The metric of V in the Newtonian approximation is given by 

3.2The flow conservation equation of a Boson system 



from the Bianchi identity. This equation describes the  properties of flow 

equilibrium equation for a scalar field in Newtonian approximation. 



3.3 The flow conservation equation of a Boson-Fermi  

      system  system in the Newtonian approximation 

The total energy momentum tensor of a Bose-Fermi system can be simply expressed 

as the sum of two terms.  The flow conservation of the system gives 

Combining Eq.(59) with Eqs.(52) and (58), we have 



in the non-relativistic Newtonian approximation (Pijush et al. 2011), we find that the 

motion equation of a relativistic Fermi fluid has changed considerably after coupling 

the scalar field. 



Viral Equations for a Boson-Fermi system 
To investigate the equilibrium geometry of a Boson-Fermi system, it is necessary to 

construct viral equations with any order for the system. If we multiply both sides of 

Eq.(63) by      , then have 





Compared Eq.(72) with Eq.(75), it is found that there are more terms on the Fermi 

fluid in the latter. Using a similar approach, we can directly give more than three 

order viral equation of a Boson-Fermi system, 

Then we get the second order viral equation of a Boson-Fermi system fluid, 

In the previous works (e.g., Chandrasekhar 1969), by using viral equations, the 

equilibrium configuration of a fluid Fermi star has been investigated in detail are 

discussed in detail. It can be predicted that, after coupling a scalar field, the 

equilibrium configuration of a fluid Fermi star, especially the geometric shape of 

ellipsoid stars, will change substantially. 



There is accumulating evidence that scalar fields may exist in nature. The 

gravitational collapse of a boson cloud lead to the formation of a boson star. Here, we 

first examine the properties of a complex-scalar–field boson star, analyze the ground 

state solutions, and then analyzed the configuration of a star composed of bosons and 

fermions, and gave coupling equations. At last, we considered the hydrostatic 

equilibrium equation of the boson-fermion star, and gave the virial equation with 

different orders. 

 

In our future work, we will explore the equilibrium configuration and the stability of 

a Boson-Fermi star and how a scalar field effect the pressure of the system by using 

higher order viral equations of fluid motions, and the related theoretical work is 

underway! 

  

                                       

Summary and Expectation 



      Thank you  

           for your attention! 



Massive mass of mini Bose star 

Appendix 



The maximum mass of neutron star 






