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Overview and Scales

BH accretion & jet launching
Horizon Scale < 1000rg

Jet acceleration & CD Instabilities
Acceleration Scale < 10000rg

KH & RT Instabilities
Propagation Scale > 10000rg

3D GRMHD & Rendering: C. M. Fromm



Black Hole Accretion and Flares

Ref: Glaser, Fromm et al. submitted,  Kinadeter MSc Thesis 2025, Dimotropolous,…, Fromm 2025 
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Black Hole Accretion and Flares

Ref: Glaser, Fromm et al. submitted,  Kinadeter MSc Thesis 2025, Dimotropolous,…, Fromm 2025 

Transient jets during accretion of mag. loops with alternating polarity  
—> modelling the flares of SgrA*

quiescent state (no jet) active state (strong jet)

—> jet formation/propagation connect to high-energy flares

200 μas SgrA @ 86 GHz
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Jet-Disk Coupling

Ref: Saiz-Pérez, Fromm et al. submitted 

Modelling the observed ring size of M87 at different mm frequencies
—> role of non-thermal emission (electron acceleration)



Jet-Disk Coupling

Ref: Saiz-Pérez, Fromm et al. submitted 

thermal only

thermal + non-thermal

thermal only

thermal + non-thermal

-3.0 -2.0 -1.0 0.0 1.0

log10ρ

Modelling the observed ring size of M87 at different mm frequencies

-4.0



Jet-Disk Coupling

Ref: Saiz-Pérez, Fromm et al. submitted 

thermal only

thermal + non-thermal

thermal only

thermal + non-thermal

-3.0 -2.0 -1.0 0.0 1.0

log10ρ

Modelling the observed ring size of M87 at different mm frequencies
—> role of MAD flares (ejection of material)

-4.0



Jet-Disk Coupling

Ref: Saiz-Pérez, Fromm et al. submitted 

thermal only

thermal + non-thermal

thermal only

thermal + non-thermal

-3.0 -2.0 -1.0 0.0 1.0

log10ρ

thermal only

thermal + non-thermal

thermal only

thermal + non-thermal

-30.0 -28.0 -26.0 -24.0 -22.0 -20.0

log10 j86GHz

Modelling the observed ring size of M87 at different mm frequencies
—> role of MAD flares (ejection of material)

-4.0



Jet-Disk Coupling

Ref: Saiz-Pérez, Fromm et al. submitted 

thermal only

thermal + non-thermal

thermal only

thermal + non-thermal

-3.0 -2.0 -1.0 0.0 1.0

log10ρ

thermal only

thermal + non-thermal

thermal only

thermal + non-thermal

-30.0 -28.0 -26.0 -24.0 -22.0 -20.0

log10 j86GHz

Modelling the observed ring size of M87 at different mm frequencies
—> role of MAD flares (ejection of material)

-4.0

—> better understanding of the physical parameters of M87 (spin, etc)



Radiation Microphysics and PIC simulations
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Ref: Glaser MSc thesis 2025, Glaser in prep.
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mag. reconnection leads to anisotropic distribution of emitting particles 
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Radiation Microphysics and PIC simulations

—> strong edge-brightening of jets and “empty” jet spines
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• Jet asymmetry (>1000rg )
Developed End-to-End pipeline
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Large-Scale Jets and Instabilities

Ref: Saiz-Perez, Fromm et al. 2024, Schulga MSc thesis 2025  Hu, Mizuno & Fromm 2025

• Jet asymmetry in 3D (>1000rg )
3D library of jet propagation 
—> KH, RT, Richtmyer-Meshkov, Kink

86GHz emission @ 3deg

• Jet asymmetry (>1000rg )
Developed End-to-End pipeline
Propagation of perturbations
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—> formation of current sheets, plasmoids, strong winds —>still MAD?

Ref: Nathanail, Fromm et al. 2025



Non-ideal GRMHD
Include finite (global) resistivity 
physical magnetic field diffusion and mag. reconnection

<latexit sha1_base64="d5D5ApyU5c/7VHmX/7scG7RYWMg=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJqW3dFd24rGAv0IQymU7boZNMnJkUSuhzuHGhiFsfxp1v46QN4u2HgY//nMM58/sRZ0rb9oeVW1vf2NzKbxd2dvf2D4qHRx0lYklomwguZM/HinIW0rZmmtNeJCkOfE67/vQ6rXdnVComwjs9j6gX4HHIRoxgbSzP5WI8SBx74cqJGBRLdtm2nVrFQRk0MqjWkWMgVQkytQbFd3coSBzQUBOOleo7dqS9BEvNCKeLghsrGmEyxWPaNxjigCovWR69QGfGGaKRkOaFGi3d7xMJDpSaB77pDLCeqN+11Pyv1o/1qOElLIxiTUOyWjSKOdICpQmgIZOUaD43gIlk5lZEJlhiok1OhWUIl6kuvr78FzqVslMrV2+rpeZVFkceTuAUzsGBOjThBlrQBgL38ABP8GzNrEfrxXpdteasbOYYfsh6+wTwZ5Je</latexit>

log10 ⇢
<latexit sha1_base64="TvjJukTXqsVkweZIjRpL2LioIJQ=">AAAB8XicbVDLSgMxFM34rPVVdekmWARXw0ydTttd0Y24qmAf2A4lk6ZtaCYZkoxQhv6FGxeKuPVv3Pk3Ztoivg5cOJxzL/feE8aMKu04H9bK6tr6xmZuK7+9s7u3Xzg4bCmRSEyaWDAhOyFShFFOmppqRjqxJCgKGWmHk8vMb98Tqajgt3oakyBCI06HFCNtpLseE6N+6jqz636h6Ng1r1IuedAQ3/fcakYqNc8/h67tzFEESzT6hffeQOAkIlxjhpTquk6sgxRJTTEjs3wvUSRGeIJGpGsoRxFRQTq/eAZPjTKAQyFNcQ3n6veJFEVKTaPQdEZIj9VvLxP/87qJHlaDlPI40YTjxaJhwqAWMHsfDqgkWLOpIQhLam6FeIwkwtqElF+EkKH89fJf0irZrm97N16xfrGMIweOwQk4Ay6ogDq4Ag3QBBhw8ACewLOlrEfrxXpdtK5Yy5kj8APW2ye7d5Ef</latexit>

log10 J

<latexit sha1_base64="/ex/3JUZHxXzayw3SHM0NLV2Bys="></latexit>

log10 |E ·B|

—> formation of current sheets, plasmoids, strong winds —>still MAD?
—> acceleration of particles —> origin of neutrinos?

Ref: Nathanail, Fromm et al. 2025



Thanks for your attention!

Ainara Saiz-Pérez

Christian M. Fromm, Felix Glaser, Raoul Kinadeter, Wladislaw 
Schulga, Eric Nanowsky, Florian Maul, Luca Ricci


