


Anisotropic conformal star model with electric field

Abstract
This study presents a charged anisotropic compact-star model constructed within the framework of the Einstein–Maxwell field equations. The stellar interior is assumed to be static and spherically symmetric, with anisotropic matter distribution and an electric field. A linear equation of state, associated with the MIT bag model formulation, is adopted to relate the radial pressure and energy density. The system is further constrained by imposing conformal symmetry through a conformal Killing vector, which provides a relationship between the gravitational metric potentials and enables the derivation of exact analytical expressions for the physical variables. A specific form of the electric field intensity is selected, and the resulting model is examined for regularity and physical acceptability.
The analysis considers the behavior of the metric potentials, energy density, radial pressure, charge density, anisotropy, electric field intensity, mass function, and surface redshift within the stellar interior. For the selected parameter values, the metric functions remain finite at the center, while the density and radial pressure are positive and decrease with the radial coordinate. The anisotropy vanishes at the center, and the mass function increases outward. The model also matches the interior spacetime with the exterior Reissner–Nordström geometry at the stellar boundary. The numerical results obtained for the chosen parameter set give a stellar mass of approximately 1.907 solar masses at radius 10.56, with a corresponding surface redshift of about 0.251. These values are compared with reported masses of selected compact-star candidates. The results suggest that the proposed charged anisotropic conformal model can provide a mathematically consistent description of compact stellar configurations under the assumptions considered.
Keywords: Conformal symmetry, Conformal Killing vector, Electric field,  MIT bag model, Compact star

1. Introduction 
Stars are produced in the non-uniformly distributed clouds of gas and dust found in the majority of galaxies. In astronomy, "compact objects" are often defined as white dwarfs and neutron stars that form near the end of their stellar evolution. [1-3]. Strong gravitational fields and high densities are characteristics of compact objects. In order to investigate strong gravitational forces, Albert Einstein developed the general theory of relativity (GR) in 1915 and it is the fundamental basis for studying stellar astrophysics [3]. The structure and behavior of celestial objects can be studied and understood using the Einstein field equations (EFEs) and a great number of academics have examined these equations in various ways,  providing a comprehensive explanation of the mass distribution within stellar bodies [4-6]. By extending Newton's law of universal gravitation and generalizing special relativity, the GR theory describes gravity as a geometric characteristic of space and time [7-8]. Currently, several studies have solved the EFEs for compact star models. [9–17].
   Anisotropy pressure in star objects in the presence of high gravitational fields is a topic of vital importance for many astrophysics experts. Phase transitions are factors of neutron star evolution that can cause anisotropy, according to Sokolov [18]. Anisotropy can also result from the presence of an electrical field [19]. Anisotropy can alter the structure of compact objects, according to Bowers and Liang [7]. Because radial forces of different signs arise in the star interior, disrupting the system balance, Herrera and Santos [12] concludes that pressure anisotropy affects matter stability. According to Thirukkanesh and Ragel [20], anisotropy has an impact on the structure and certain physical properties of compact stars, such as mass and compactness. Additionally, some research has created anisotropic models ( Ivanov [21], Mak and Harko [22-24], Viaggiu [25],  Malaver [26–31], Pant et al.  [32], Ray et al.  [33],  Thirukkanesh and Maharaj [34], Sharma and Maharaj [35], Durgapal [36], Komathiraj and Maharaj [37] ).
  Studying the characteristics and behavior of compact stars has also benefited from the application of conformal symmetry. These potentials are subject to certain restrictions that make the solution of the field equations easier when the conformal Killing vector is applied to the space-time manifold. In the past, some authors have studied conformal symmetry and equations of state with single-layered stars [38–39]. A relativistic compact star model with a linear equation of state and a conformal Killing vector in the presence of charge was created by Jape et al. [40]. In addition to the conformal Killing vector, Christopher et al. [41] used a quadratic equation of state to study the properties of a relativistic charged compact star. In the core-envelope situation, Kowa et al. [42] derived new solutions to the Einstein field equations by combining the conformal Killing vector with multiple equations of state for double-layered stars. An electrically charged anisotropic fluid sphere connected to the Reissner–Nordstrom static solution via a zero pressure surface yielded new families of compact solutions for a spherically symmetric distribution of matter, according to Esculpi and Aloma [43]. Malaver and Esculpi [44] proposed some new stellar configurations that represent models of dark energy stars in presence of a conformal Killing vector with the linear equation of state.
In this work, we combine a linear equation of state and the conformal Killing vector  to examine the physics and behavior of a charged anisotropic star. In Sec. 2, the Einstein-Maxwell field equations used to generate the model are presented. We give a detailed description of conformal Killing Vector in Sec. 3. By choosing of a gravitational potential that allow the field equations to be solved, we construct new models for charged anisotropic matter in section 4. In Section 5, the physical acceptability requirements are discussed. The validity and physical properties of these new solutions are examined in Section 6. The concluding remarks are provided in Section 7

2.     Field Equations

  We examine a static, homogeneous, anisotropic, spherically symmetric spacetime in Schwarzschild coordinates, which is provided by 


           (1)                                          


where  and are two arbitrary functions. 
Given the charged anisotropic matter, the Einstein field equations are


                                                                                (2)


                                                                   (3)


                                                                    (4)


                                                                                                                    (5)                              




where  is the energy density, is the radial pressure,  is electric field intensity and 





 is the tangential pressure, respectively. Using the transformations of Durgapal and Bannerji [45],  , and with arbitrary constantsand c>0  the metric (1) take the form 

                                                         
 and the Einstein field equations can be written as


                                                                                                        (6)


                                                                                                (7)


                                                                         (8)


                                                                                                                         (9)


                                                                                  (10)



                                                                                                            (11)


   is the charge density and dots denoting differentiation with respect to x. With the transformations in [45],  the mass within a radius r of the sphere take the form

                                                                                                (12)
The interior metric (1) with the charged matter distribution should match the exterior spacetime described by the Reissner-Nordström metric: 

             (13)
 where the total mass and the total charge of the star are denoted by M and q2, respectively. The junction conditions at the stellar surface are obtained by matching the first and the second fundamental forms for the interior metric (1) and the exterior metric (13). 

In this paper, we assume the following linear equation of state defined as 

                                                                                                             (14)                       

 where  α and β  are real constants such that  α  0 .

3.      Conformal symmetry

  We examine the manifold of spacetime that admits conformal symmetry. The system's EFEs (2-4) are made simpler by the conformal Killing vector's imposition (CKV). The application of CKV results in new exact solutions for the core-envelope model in conjunction with the equation of state. The conformal Killing vector is defined as [46]


                                                                                                 (15)



where L is the Lie derivate operator, X(r,t) stands for vector field,  is the metric tensor and  is a conformal factor. With symmetry assumption, the conformal Killing vector and the conformal factor in (15) are given by   


                                                                                                   (16)

                                                                                                                             (17)
 We take into account the related Weyl tensor integrability requirement [47] in order to solve equation (15) 

                                                                                                                 (18)

 where   are the Weyl tensor components. With the eq. (18) , eq. (15) can be expressed as 

                                                                          (19)
 where k represents a real constant.    




  With the transformations,  ,  and  suggested for Durgapal & Bannerji [45] and the condition      we obtain                                                                                              

                                                                                                              
                                                                                                                                                        (20)                                                                  
                   where A and B are constant parameters and n=1 represents a conformally flat spacetime. 

4.   Classes of models  
In this section, we found the novel solution for charged anisotropic compact stars that admits a linear equation of state with  conformal symmetry where the chosen metric potential can be written as  
               

                                                                                                    (21)

With the conformal condition (20) and eq. (21) and considering case n=1 , the second gravitational potential is written as 

                                                                                      (22)

According  Malaver  [27] and Maka Takisa and Maharaj [48] , we choose for the electric field intensity the following form

                                                                                                        (23)


where a and  are real constants

By substituting of eq. (23) and eq. (21)  in eq. (6)  we have for the energy density 

                                                                   (24)
and with the equation (24) in (14) 

                               (25)

For the charge density in (11), with eq (21) and (23) 


                                                                                         (26)

The mass function is expressed using (24) in (12)


                       (27)

It is possible to express the metric functions as


                                                                                           (28)


                                            (29)

For the anisotropy ∆ is provided


  (30)
 and the surface redshift is given by

                                             (31)
5. Requirements for physical acceptability
The solution for Einstein-Maxwell field equations is considered as a model for a compact object if it satisfies the physical conditions. The basic conditions for a physically valid solution are [49]: 
I) 

The solution should be free from the singularities. This means that the metric coefficients   and  should be well defined and finite.
II) The energy density, ρ, must be positive and monotonically decreasing function of the radius r. Mathematically, we have 
ρ(r) ≥ 0.                                                         (32)

III) The radial pressure  should be positive and monotonically decreasing function of the radius r. Mathematically

 ≥ 0.                                                          (33)
IV) The density and radial pressure gradients should be



                                  and          for  .                                      (34)
V) At the center, the anisotropy is zero  r=0, i.e. Δ(r=0) =0.    
VI) Both radial pressure and transverse pressure must be equal at r=0. Mathematically, we have

                                                                                                   (35)
VII) The solution should must satisfy the casuality condition that speed of sound must be less than, c, the speed of light, we may write it as

                                 0 ≤ ≤1.                                                                               (36)
VIII) For the charged case the solution at the boundary, r = R , must match with the Reissner-Nordstrom exterior solution, i.e


where M is the mass and Q  is the charge of the compact object at the boundary. In case of an uncharged compact object, the solution must match the exterior Schwarzschild solution
6. Physical Analysis 
In this section we will discuss the physical conditions of the obtained solution 
1. The metric potentials at the center, r = 0 are 

                                                                                                                              (37)

                                                                                                                   (38)
where A*  is an arbitrary constant and A* > 0. As the metric potentials are finite so there is no singularity in the solution. 
2. The energy density ρ at the center r = 0, is expressed as
                                               

                                                                                                                                     (39)
as a > 0  so  ρ(0) > 0, i.e. the density at the center is finite. 
3. The radial pressure at center r = 0, is given a

                                                                                                                      (40)
4. Here the derivative of the energy density ρ is expressed a
    

                             (41)                  
           The derivative of radial pressure, pr, is given as


(42)  
5. At the outer boundary, the interior solution must smoothly join with the Reissner–Nordström exterior space–time as


       


and therefore, the continuity of   and    across the boundary r = R  is 

                                                                                                                           (44)


                                                                                                              (45)   

Then for the matching conditions at r = R, we obtain


                                                                                                        (46)


The values of the  selected physical parameters α ,  β,  , a , A and B are displayed in Table 1. 
                              Table 1. Selected parameters α, β, γ, a, A and B
	α
	β
	γ
	a
	A
	B

	1/3
	0.0028
	0.00011
	0.001
	0.00065
	0.11










    The figures 1,2,3,4,5,6,7,8, 9,10 and 11 represent the plots of , , , ρ , , , , ,  Δ , Zs  and M with the radial coordinate. In every graph we looked at  C=1. 
                              [image: ]
                Figure 1. Potential metrics e2λ    against the radial coordinate for a=0.001. 
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  Figure  2. Potential metrics  in opposition to the radial parameter with a= 0.001, A=0.00065 and B=0.11
[image: ]


      Figure  3.  Charge density  against the radial parameter with a= 0.001, =0.00011.

                                   [image: ] 


Figure  4.  Energy density   against the radial parameter with a= 0.001,=0.00011.
                                        [image: ]

  Figure  5. Radial pressure  in opposition to the radial parameter with a= 0.001,=0.00011,
α = 1/3 , β = 0.0028.  
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Figure  6.  Gradient of energy density versus the radial coordinate  with a= 0.001, =0.00011
                       [image: ]
Figure  7. Gradient of radial pressure versus the radial coordinate  with a= 0.001, α = 1/3, γ=0.00011
                           [image: ]

Figure 8.  Anisotropy  against the radial coordinate with a= 0.001, A=0.00065, B = 0.11 ,   γ=0.00011


            [image: ]
Figure 9.  Electric field against the radial coordinate with a= 0.001,  γ=0.00011
                  [image: ]
 Figure 10. Mass function against the radial coordinate with a= 0.001, γ=0.00011
                            
           [image: ]
Figure  11. Surface redshift ZS against the radial coordinate with a= 0.001, γ=0.00011





In Figure 1, The potential metric  is a function that increases  inside the star and  show appreciable variations with the radial parameter. In Figure 2, the metric potential also is continuous and is increased with the radial coordinate. In Figure 3, the charge density is a function  that exhibits a decay within the star with the radial parameter. Figure 4 illustrates that the star's internal energy density is continuous and decreases monotonically, whereas Figure 5 shows that the radial pressure is non-negative and decreases with the radial parameter.  The radial variation of energy density gradient has been shown in Figure 6, in which it is observed that < 0 in all the cases studied. In Figure 7 it is also shown that the profile of   indicates the radial pressure gradient is negative inside the star. Plotting the anisotropic component Δ in Figure 8 reveals that it disappears at the star's center, or Δ(r=0)=0.  In Figure 9 the electric field intensity is a continuously growing function inside the star. The mass function in Figure 10 is continuous, rising, takes finite values, and behaves nicely in the star interior. Figure 11 shows that the maximum value for the red-shift is ZS = 0.2516098. This value is acceptable for realistic compact objects  because the values for ZS  must not exceed 5.211 [40-41]. 
 We can compare the estimated value for the mass with observational data of some  astrophysical objects  shown in Table 2 [50-51]. 
Table II: Observed  values of stellar masses for some compact stars   
	        Stellar 
Object
	Observed mass
M(Mʘ)

	GW200105
	1.910

	      J1614-2230
	1.908

	EXO 1722-363
	1.910






                               
                                  
                                    Mʘ = sun’s mass
The mass generated with the selected values of the parameters a and γ are very similar  to the mass of stellar objects GW200105,  J1614-2230 and EXO 1722-363 . The behavior of the star's mass and surface redshift with the radial parameter  is displayed in Table 3. The values found in this study using the linear equation of state and conformal symmetry  for the mass, electric field and surface redshift   are  regular and behave well in the stellar interior. 
               Table III: Variation of Mass  M and Surface redshift  with  from centre to the surface of the star 
	r
	M
	ZS

	0
	0
	0

	1
	0.001996017
	0.002002013

	2
	0.015873112
	0.008032307

	3
	0.053043574
	0.018164389

	4
	0.124011011
	0.032523287

	5
	0.237985261
	0.051289492

	6
	0.40257573
	0.074704779

	7
	0.62357017
	0.103080304

	8
	0.90481822
	0.136807462

	9
	1.24820665
	0.176372294

	10.56
	1.90736552
	0.251216098


                      









The mass function shows an increase with the radial coordinate and the surface redshift grows continuously and reaches the maximum value ZS = 0.2516098. 

Conclusion
A charged anisotropic stellar model admitting conformal symmetry has been developed using the Einstein–Maxwell field equations and a linear equation of state. The conformal Killing vector condition was used to relate the metric potentials and to obtain analytical expressions for the main physical quantities of the system. A particular electric field profile was introduced, allowing the energy density, radial pressure, charge density, mass function, anisotropy, and surface redshift to be evaluated for a selected set of model parameters.
The obtained solution shows regular behavior at the stellar center for the chosen parameter values. The metric potentials remain finite, the energy density and radial pressure are positive, and both quantities decrease outward. The anisotropy is zero at the center, as required for a physically reasonable anisotropic configuration. The electric field and mass function increase with the radial coordinate, while the surface redshift remains within an acceptable range for the considered model. At the boundary, the interior geometry is matched with the exterior Reissner–Nordström spacetime. The calculated mass is close to the reported masses of the compact objects considered for comparison. These findings indicate that the proposed model is a viable analytical framework for describing charged anisotropic compact stars within the assumptions and parameter range used in this study.
Limitations
The present model is based on a specific choice of metric potential, electric field profile, and linear equation of state. Therefore, the physical behavior obtained in this work depends directly on the selected parameter values and assumed functional forms. The comparison with observed compact objects is limited to the stellar mass and does not include a full fit involving radius, charge, compactness, equation-of-state constraints, or observational uncertainties. The analysis also relies mainly on graphical and analytical checks of selected physical acceptability conditions. A more detailed investigation of stability, energy conditions, causality, and equilibrium under perturbations would be needed to further assess the robustness of the model. In addition, the model does not address possible microphysical details of dense matter beyond the adopted equation of state. Future work may examine broader parameter ranges, alternative electric field profiles, and more detailed comparisons with observational data.
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