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The supermassive galactic center of the Milky Way galaxy is modeled as a strongly naked 
singularity (SNS) described by the Janis-Newman-Winicour metric. This metric has an 
ordinary mass and massless scalar charge parameters. The galactic center serving as a 
gravitational lens gives rise to 4 images: 2 images on the same side as the source on the 
optic axis and 2 images on the opposite side of the source from the optical axis. We 
compute magnification centroid, magnification centroid shift, and total absolute 
magnification for many values of the angular source position. The nature of the curve for 
all three results is qualitatively similar to Schwarzschild black hole lens, but 
quantitatively different. Magnification centroid increases as angular source position 
increases. As angular source position increases, magnification centroid shift increases to 
a maximum value, and then begins to decrease. As angular source position becomes 
large magnification centroid shift will approach zero. Total magnification is large for 
small values of angular source position, and decreases to a limiting value of one. Such 
observations would support naked singularity interpretation of the galactic center. 

Introduction 

The proof (or disproof) of the Cosmic Censorship Hypothesis (CCH) 
developed by Penrose [1] is one of the great unsolved problems in general 
relativity. This hypothesis states that spacetime singularities are hidden from an 
observer by the event horizon of a black hole. Our current observational, 
analytic and numerical techniques are not yet sufficiently refined to produce a 
proof or disproof of the cosmic censorship hypothesis. There have been many 
attempts to demonstrate a counterexample. However, to date, none have been 
discovered. In light of this, there is now a strong need to explore whether the 
CCH could be tested observationally. Virbhadra and his collaborators [2, 3] 
identified the possibility of four different types of singularities: black hole 
singularities, weakly naked singularities, marginally strongly naked 
singularities, and strongly naked singularities.  
Gravitational lensing is an area of study that shows great potential for 
differentiation of black holes from naked singularities, based off qualitatively 
different lensing features. Virbhadra et al. [4] discovered that black holes and 
naked singularities manifest different lensing characteristics. We study how 
magnification centroid, magnification centroid shift, and total absolute 
magnification would be affected by strongly naked singularity lensing. 

Virbhadra-Ellis Lens Equation 

The Virbhadra-Ellis gravitational lens 
equation [7], which permits small as well as 
large bending angles of light, is given by  
                
                             with 
 
Ds is the observer-source distance, Dds is the 
lens-source distance, and Dd is the observer-
lens distance. α  is the light bending angle. 
θ and β are, respectively, angular 
positions of an image and unlensed source 
measured from the optical axis. The impact 
parameter is J=Dd sinθ. 
 
 

Discussion 
For the purposes of this study, we modeled the supermassive galactic center 
as a strongly naked singularity (not covered inside any photon sphere). 
Virbhadra and Keeton [3] studied strongly naked singularity lensing for 𝜈 = 
1 (Schwarzschild Black Holes). We examined 𝜈 = 0.01 case, where scalar 
charge to mass ratio is higher than those considered by Virbhadra and 
Keeton. Magnification centroid, magnification centroid shift, and total 
magnification curves are each qualitatively similar to Schwarzschild black 
holes. Due to a higher value of the scalar charge to mass ratio, for a fixed 
value of β, magnification centroid will be lower and total magnification 
will be higher than values found in Schwarzschild black hole lensing. When 
images are not resolved, total magnification and magnification centroid 
contribute greatly to our study of lensing. Observations of these results 
would disprove the Cosmic Censorship Hypothesis and would pave the way 
to develop quantum theory of gravity, as very strong gravitational fields will 
be accessible to observation.  
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Results - Calculations 

Table 1. :  We model the Galactic supermassive center as a strongly naked 
singularity (ν= 0.01, mass M = 3.61 x 106 M⨀ , distance Dd = 7.62 kpc, Dds/
Ds = ½) and, using Mathematica, compute magnification centroid, 
magnification centroid shift, and total magnification for a large number of 
angular source positions (β). 

Magnification centroid for given values of β follows a roughly linear trend, 
with slight deviations initially observed for small values of β. 
Magnification centroid shift is zero when β=0. At β=0 two Einstein rings 
can be observed. Magnification centroid shift increases to a maximum value 
as β approaches 2 arcseconds, then continues to decrease to a limiting 
value of 0. The total magnification is very large initially, and as β increases 
the total magnification decreases to a limit of 1. 

Figure 1. : Lens Diagram [7]. 

 
Virbhadra et al. [6] described the line element as  
 
 
 
when considering a general static and spherically symmetric spacetime. They 
calculated the deflection angle α(r0)and impact parameter J(r0) for a light ray with 
the closest distance of approach r0. These are expressed by 

 
                        and 

 
 
For a Schwarzschild strongly naked singularity:   
 
   

                                       where 

d!! = ! ! !!! − ! ! !!! − ! ! !!(!!! + sin! !"!!)!!

Deflection Angle &  
Impact Parameter Equations 

SNS Lensing for Increasing Values of β 

Figure 2. :  SNS Gravitational 
lensing at β=0, showing a double 
Einstein ring 

Figure 3 : Schematic 
diagram of gravitational 
lensing by a SNS 

Figure 5 : Schematic diagram of 
gravitational lensing by a SNS, 
where values of β for secondary 
images coincide 

Figure 6 : Schematic diagram of 
gravitational lensing by a SNS, where 
both secondary images are annihilated 

Figure 4 : Schematic 
diagram of gravitational 
lensing by a SNS 

Results - Graphical Analysis 

Figure 8. : The magnification centroid shift Δ     plotted against 
angular source position βfor ν= 0.01; Dds/Ds = ½.  

Figure 9. : Total magnification (µtot) plotted against angular 
source position βfor ν= 0.01; Dds/Ds = ½.  

Figure 7. : The magnification centroid       plotted against 
angular source position βfor ν= 0.01; Dds/Ds = ½.  

The most general static and spherically symmetric solution to the Einstein massless scalar field equations initially obtained by Janis, Newman and Winicour 
(characterized by constant and real parameters, the mass M and scalar charge q) is expressed by the line element 
 

           and the massless scalar field                                with 
 

 The Janis-Newman-Winicour spacetime has only one photon sphere situated at the radial distance [4,]     
 
At r = b, there  exists  a naked singularity. The photon sphere exists only for ½ < ν < 1. 
 
Defining the deflection angle α for a light ray in the Janis-Newman-Winicour spacetime is expressed in the form [6,4] 
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Magnification Centroid & Total Magnification Equations 
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β (arcsec)  Θ (arcsec) Δ Θ (arcsec) µtot 
1.0 * 10-6 1.5 * 10-6 5.00 * 10-7 1.3882 * 106 
1.0 * 10-5 1.5 * 10-5 5.00 * 10-6 1.3882 * 105 
1.0 * 10-4 1.5 * 10-4 5.00 * 10-5 13882. 
1.0 * 10-3 1.5 * 10-3 5.00 * 10-4 1388.2 
1.0 * 10-2 1.5 * 10-2 5.00 * 10-3 138.82 
1.0 * 10-1 1.5 * 10-1 4.99 * 10-2 13.909 
1.0 1.40 0.397 1.6449 
2.0 2.49 0.491 1.1477 
3.0 3.45 0.450 1.0482 
4.0 4.39 0.388 1.0194 
5.0 5.33 0.334 1.0090 
6.0 6.29 0.290 1.0047 
7.0 7.26 0.255 1.0027 
8.0 8.23 0.227 1.0016 
9.0 9.20 0.204 1.0010 
10. 10.2 0.186 1.0007 
!

!
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The magnification centroid of images is expressed by                              where angles measured clockwise to the optic axis are positive and angles counterclockwise are negative. 
 
  The magnification centroid shift is defined as:                                                     and total magnification is defined as: 
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