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Flux eruption events 
in MAD simulations 

a = + 15/16
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We track the evolution of the active 
region on the equatorial plane

1. Outward motion, toward larger 
orbital radii
ur ~ 0.1c

2. Counterclockwise orbital rotation, 
due the accretion disk’s rotation
uφ ~ 0.1uK − 0.4uK
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We examine the 3D morphology of 
the energetic flux tubes generated 
during the flux eruption event

Newly generated flux bundles 

Disk’s magnetic field lines 

Magnetized funnel field lines 
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a = + 15/16 ● Flux tube: counterclockwise 
motion, counterclockwise field 
lines & upward trend

● Hot spot: moves along the 
clockwise field lines & 
continuously gains height  

● Hot spots with a relativistic 
ejection velocity balance out the 
drag of the accretion flow and 
move clockwise in the sky
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a = + 1/2
a = + 1/2 a = - 1/2

Modeling the Multi-Wavelength Signatures of Sagittarius A*



Antonopoulou, Nathanail, Mizuno, Zanias in prep

a = + 1/2 a = 0a = - 1/2

Modeling the Multi-Wavelength Signatures of Sagittarius A*



 

E.H.T. Collaboration 2022

Event Horizon Telescope
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MAD Multi-loop

Nathanail et al. 2020
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Multi-loop
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★ 3D Resistive GRMHD simulation

★ Red dashed line: escaping!

★ Black line: σ = 1
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★ High Resolution 3D Resistive simulation!

★ Strong current → acceleration!

★ Non-thermal radiation
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★ Hot spots with a relativistic ejection velocity are able 
to balance the counterclockwise drag of the flux 
tube's foot-point on the disk and show a clockwise 
motion in the sky

★ The hot spot trajectory reflects the underlying flux 
tube morphology and shows a clear dependence on 
black hole spin

★ Multi-loop models show promising characteristics 
and reduced light curve variability

★ Next step: Electric current and strong acceleration 
regions in GRMHD

 

 

 Conclusions



● Spherical hot spots of r = 1M 

● Generated at the equatorial plane 
and propagate along the flux tube 
with a constant ejection velocity 
between 0.5c - 0.8c

● Flux tube foot-point:  outward 
motion & sub-Keplerian orbital 
rotation between 0.1uK - 0.4uK

A
ntonopoulou, Loules, N

athanail 2025
Flare Model



u_disk : 0.8 - 0.9 uK   
u_spot : 0.1 c

Clockwise disk rotation

● Flux tube: clockwise motion, 
counterclockwise field lines & 
upward trend

● Hot spot: moves along the 
counterclockwise field lines & 
continuously gains height  

● Nearly Keplerian disk rotation 
balances out hot spot motion,       
too high for typical MAD models
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