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Why

➢ BH creation

➢ Evolution 

➢ Ergosphere

➢ Jets

➢ Its cool



Sgr A* polarized image

● Spin information 
hidden somewhere in 
there

● But deeply mixed in 
the physics of 
accretion
(dirty astrophysics)

EHTC 2022



Secondary image: the photon ring 

Credit: Center for Astrophysics | Harvard & Smithsonian



Secondary image: the photon ring 

● But still impossible 
to disentangle 
with current 
resolution
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Why hotspot? 

Yfantis+ 24a,b

Credit:
EHT Collaboration, ESO/M. Kornmesser 

(Acknowledgment: M. Wielgus)

● ALMA fitting, Gravity fitting, Flares, 
Astrometry, Polarimetry, (VLBI?)

● Radio, NIR, Xray.. 



Spin estimation from 
hot-spot observations TWO SPOTS !!

ESO | schematic
Yfantis+26



Some solutions about it..

Gralla+ 2020



Spin estimation from 
hot-spot observations

Simulations in IPOLE

Yfantis, Palumbo, Moscibrodzka, 2026

distance (rs)        velocity (Ω)      BH spin (a)      viewing angle (i)
1000 combinations
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� an empirical relation*

Yfantis+ 26

distance speed

BH 
spin

*Straight through pattern observations, trial-an-error and pyFit functions. 

Equatorial spots
i = 0 (or avg over full period)



� an empirical relation*

Yfantis+ 26

*Straight through 
pattern identification, 
trial-and-error and 
pyFit functions. 



Get rid of inclination



empirical relation 
-comparison to analytic



Performance of empiric relation



Next step 

In review



• Deep Learning can 
approximate any arbitrary 
function  [G. Cybenko, 1989]

https://web.njit.edu/~usman/courses/cs675_fall18/10.1.1.441.7873.pdf


Our proposed framework

Inputs / Observables Inferred / Unknowns

rHS α

ΔPA(t) i

P θz

Deep Learning inference

STIHOS: SpaceTime Inference via HotSpot ObservationS

*From the Greek στιχος = lyric



Explored Parameter Space

N = 100,000
(from 500 

billion 
combos) 



Results



Results



Results



Results

Part of orbits (from 10% to 100%)



How accurate constraints can one 
expect from realistic observations?

σR0

σR1σΔΡΑ



How accurate constraints can one 
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How accurate constraints can one 
expect from realistic observations?



How accurate constraints can one 
expect from realistic observations?

Estimates can be 
improved from

Recurring observations

Prior info on inc, 
hotspot location (jet vs 
disk) ..

 



Observational feasibility 
Or Looking forward

● Feature extraction: Identify hot spots

● Extract the observables (r,P,ΔPA curves)

● Study of secondary image (time delay, Intensity ratios, movement)

● Ratio of full-orbits

● Include light-curves if possible (e.g. ALMA)
 

STIHOS AVAILABLE AT:
https://github.com/RamiAlBel/SMBH-HotSpot-Orbits/tree/main/data



In the Future..  
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Thank you!


