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Gravitational lensing 1
• The gravitational lensing is the effect of

deflection of light rays due to the
presence of a mass.

• After the explanation of the precession
of the perihelion of Mercury, this is the
second experimental confirmation of
GR.

• It’s a powerful instrument in different
fields of Astrophysics.

• The entire theory of lensing is
developed within the limit of small
deflection but lately, gravitational
lensing of compact objects is gaining a
great importance.

Gravitational lens-full - Lente gravitazionale - Wikipedia

https://it.wikipedia.org/wiki/Lente_gravitazionale#/media/File:Gravitational_lens-full.jpg


𝑟𝑚 = 3𝑀
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The deflection angle diverges

𝑚

Bozza, V., and G. Scarpetta. "Strong deflection limit of black hole 

gravitational lensing with arbitrary source distances." Physical 
Review D 76.8 (2007): 083008.
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Strong deflection limit 1

𝑟0 = 𝑟𝑚(1 + 𝛿) 𝑢 = 𝑢𝑐𝑟(1 + 𝜖) Δ𝜙 = −𝑎 log 𝜖 + b

Let us indicate with 𝑛 the number of half orbit of the 
black hole performed by the photon 

Δ𝜙 = 𝜙𝑜 − 𝜙𝑠 + 𝑛𝜋

We only consider relativistic images with 𝑛 ≥ 2

The SDL is a procedure that allows to provide a simple analytical solution 
of the deflection angle near the divergence. 

Bozza, V. (2010). Gravitational lensing by black 
holes. General Relativity and Gravitation, 42, 2269-2300.
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An observer at  infinity will measure the angular separation between the direction of 
arrival of the photon and the direction of the black hole simply as 𝜃 = Τ𝑢

𝑟𝑜
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All images are created externally a region of angular radius 𝜃𝑚 
called the shadow since this regione will remain obscure. 

ESOblog - Spot the 
difference: Imaging 
Sagittarius A* and 
M87* | ESO
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https://www.eso.org/public/blog/spot-the-difference-sagittarius-a-m87/
https://www.eso.org/public/blog/spot-the-difference-sagittarius-a-m87/
https://www.eso.org/public/blog/spot-the-difference-sagittarius-a-m87/
https://www.eso.org/public/blog/spot-the-difference-sagittarius-a-m87/


Universal interferometric signature 
of a black hole’s photon rings

Johnson, Michael D., et al. "Universal interferometric signatures of a black hole’s photon ring." Science 
advances 6.12 (2020): eaaz1310



Interferometric signature 
of relativistic images 1

Aratore, F., & Bozza, V. (2021). Decoding a black hole metric from the interferometric pattern of the relativistic 
images of a compact source. Journal of Cosmology and Astroparticle Physics, 2021(10), 054.
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Aratore, F., & Bozza, V. (2021). Decoding a black hole metric from the interferometric pattern of the relativistic 
images of a compact source. Journal of Cosmology and Astroparticle Physics, 2021(10), 054.
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Interferometric signature 
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Aratore, F., & Bozza, V. (2021). Decoding a black hole metric from the interferometric pattern of the relativistic 
images of a compact source. Journal of Cosmology and Astroparticle Physics, 2021(10), 054.
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Aratore, F., & Bozza, V. (2021). Decoding a black hole metric from the interferometric pattern of the relativistic 
images of a compact source. Journal of Cosmology and Astroparticle Physics, 2021(10), 054.



Rotating black hole 1

Kerr metric

Kerr geodesics
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Emission ring 1
Tsupko, Oleg Yu. "Shape of higher-order images of equatorial emission rings around a Schwarzschild black 

hole: Analytical description with polar curves." Physical Review D 106.6 (2022): 064033.



Emission ring 2



Conclusion

• The SDL provide a complete analitycal derivation of all the main 

feature of the problem;

• The systems considered do not depend on the physical environment 

around the black hole and thus less model-dependent and provide a 

clear study of the metric;

• There are interesting perspectives from space interferometry in mm 

and MIR bands, 
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