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LIGO/Virgo

Event Horizon Telescope
Test fundamental 

physical problems

https://www.ligo.caltech.edu https://eventhorizontelescope.org
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Singularity? Topological star/black hole model [1,2]

Similar to the classical black hole in macrostate geometries

Constructed from type IIB string theory

[1] I. Bah and P. Heidmann, Phys. Rev. Lett. 126, 151101 (2021),  [2011.08851].

[2] I. Bah and P. Heidmann, [2012.13407].

A five-dimensional Einstein-Maxwell theory



2. The model
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KK reduction

A four-dimensional Einstein-Maxwell-dilaton theory

A four-dimensional static spherical symmetric non-singular black hole/topology star

Field strength

becomes to imaginary

is the end of the spacetime

Metric
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The shadow of black holes can be expressed in terms of astrometrical 

Observables [3].

is the projector for a given 4-velocity

[3] Z. Chang and Q.-H. Zhu, Phys. Rev. D 101, 084029 (2020), [2001.05175].

Hamitonian approach 

Photon sphere
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Four kinds observers: static, surrounding,  freely falling, and escaping
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Black, blue, red and purple lines, correspond 

to static, surrounding, freely falling, and 

escaping observers, respectively.
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surrounding observer escaping observer
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freely falling observer

Non-monotonically decreasing Smoking gun of 
nonsingular black hole/topological star



4. The effects of plasma
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Our universe is fifilled with plasma

Hamiltonian

Correction term
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[4] V. Perlick, O. Y. Tsupko, and G. S. Bisnovatyi-Kogan, Phys. Rev. D 92, 104031 
(2015), [1507.04217]. 

Photon sphere

Spherical symmetric freely falling plasma [4] 
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We solve the position of photon ring numerically
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Black, blue, red static observer, correspond to static, surrounding, and 

freely falling observer, respectively.



5. Conclusion and discussions
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We studied the shadow size of the static spherically four-dimensional 

nonsingular black hole/topological star in the astrometrical observable 

formalism.

Non-monotonically decreasing as the smoking gun of topological black 
hole/topological star.

The escaping observer will observe the largest shadow and the freely falling 

observer will observe the smallest shadow.

Thanks!


