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MOTIVATIONS I : basic reasons & some facts

Photo by Nik on Unsplash

In the search for alternative nonsingular scenarios 
for compact objects, one can go beyond GR or consider 
exotic matter sources. 

There are many reasons to explore the 
phenomenology of exotic compact objects:

1) Are we really observing the BHs of GR? 

2) Should we pay attention to what is observable, or 
only to what seems reasonable (today/to someone)?

For time efficiency, it is always best to consider  
new problems in simplified form. If analytical, much better.

https://unsplash.com/es/@helloimnik?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/es/fotos/z1d-LP8sjuI?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText


In the search for exotic compact objects, we observed that wormholes 
arise quite generically in modified gravity theories beyond GR. 

With a 2+1 scalar field model, we will see that even more exotic structures may arise within GR.

MOTIVATIONS II: basic reasons & some facts



FIRST: THE MODEL

DOI: https://doi.org/10.3390/universe10060258 

We consider standard GR but with a noncanonical scalar field.  
Impose staticity and circular symmetry. This can be done by hand.

Work by R.V. Maluf, G. Mora-Pérez, GJO, and D. Rubiera-García, Universe 2024, 10, 258

The structure of the line element is chosen to simplify the scalar field equation



SECOND: THE EQUATIONS

The first equation can be written as:

And a formal solution is: 

If we take then: where

The combination leads to which allows us to obtain

Recall that W(x)=1/r(x)
Shift symmetry in x 



THIRD: MORE EQUATIONS & SOLUTIONS

Using W(x) in the angular equation we find:

This Bernoulli equation can be solved exactly and allows to solve for

where

Attractive:              
   λ = + |λ |

Repulsive: 
  λ = − |λ |

Two families of asymptotically flat solutions: λ = ± |λ |



FOURTH: CURVATURES

Attractive:              
   λ = + |λ |

Repulsive: 
  λ = − |λ |

The attractive case has divergent curvatures as  and incomplete geodesics. 
 
 The repulsive case has vanishing curvatures as  and complete geodesics. 

r → 0

r → R0



FIFTH: GEODESICS

Only the case  is of interestλ < 0

All geodesics are complete.  is a boundary of the manifoldr = R0



SIXTH: ENERGY DENSITY

Considering :λ < 0

All geodesics are complete.  is a boundary of the manifoldr = R0

DOI: https://doi.org/10.3390/universe10060258 Work by R.V. Maluf, G. Mora-Pérez, GJO, and D. Rubiera-García, Universe 2024, 10, 258



CONCLUSION

Geodesic completeness is achieved non-perturbatively in a compact region.

Nonsingular space-time with an internal boundary found in a 2+1 scalar field 
model built on mathematical simplicity arguments.

OPEN QUESTIONS

• Are these configurations stable?  

• Can we add regular attractive matter on top of this field? 

• Could we tune the sign of  to localize the repulsive region? 

• Can objects of this kind exist in 3+1 dimensions?  

• Can current codes support these boundary conditions? 

• What would the observable features of such objects be? 

λ



CONCLUSIONS

In GR, gravitational collapse leads to singularities under very general conditions.

Beyond GR, the collapse may still yield sensible outcomes:

R. Gambini, et al,  arXiv:2012.14212

Baby universes provide a natural origin for  
Black Bounce models

Could our expanding universe be  
the late stage of a collapsed object?

Thank you!!!
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https://arxiv.org/abs/2012.14212
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Questions … Comments ???
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