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Introduction: active galactic nuclei (AGN)

~10% of AGNs are radio loud (RL) and launch a relativistic 
jet through the Blandford-Znajek (BZ) or Blandford-Payne 
(BP) mechanism.

We call blazars RL AGNs with jets closely aligned to the line 
of sight, and radio galaxies those with larger viewing angle.

The main emission from AGN jets is synchrotron radiation, 
as well as inverse Compton radiation, leading to 
observations over a large range of wavelengths. 

Illustration of an AGN unification model 
(Dermer&Giebels+16) 2



Abramowski+12 3

Study of M87 flares



- Multiwavelength observations
- Kinetic modeling
- GRMHD simulations
- GRPIC simulations

Flare locations/mechanisms proposed:

Study of M87 flares: state of the art

Abramowski+12
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Time-dependent kinetic modeling
Objective: use the EMBLEM (Dmytriiev+21) code to reproduce the 2022 flare with a time-dependent SSC modeling, considering Fermi 
acceleration or magnetic reconnection as flare drivers, occurring downstream or close to the core. 
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Objective: use the EMBLEM (Dmytriiev+21) code to reproduce the 2022 flare with a time-dependent SSC modeling, considering 
acceleration or magnetic reconnection as flare drivers, occurring downstream or close to the core. 

Time-dependent kinetic modeling
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Radiative transfer for GRPIC simulations
Objective: build a pipeline to ray-trace results from GRPIC simulations of BH environments with accurate radiative transfer to produce 
images of the BH environment and light curves.

1.Parfrey+19
2.Pandya+16
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Thank you
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Extra: active galactic nuclei (AGN)

~10% of AGNs are radio loud (RL) and launch a relativistic 
jet through the Blandford-Znajek (BZ) or Blandford-Payne 
(BP) mechanism.

We call blazars RL AGNs with jets closely aligned to the line 
of sight, and radio galaxies those with larger viewing angle.

The main emission from AGN jets is synchrotron radiation, 
as well as inverse Compton radiation, leading to 
observations over a large range of wavelengths. 

Illustration of a blazar SED (Böttcher+16)
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Extra: M 87

Composite image of the FR I 
radio galaxy M87

Cheung+07
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Extra: M 87

Hada+24

Composite image of the FR I 
radio galaxy M87 11



Extra: study of M87 flares

2018

2022

Algaba+24

Cao+24

Abramowski+12
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Models for the 2022 LHAASO flare:

- Xue et al. (2025): construct averaged MWL SEDs by combining data from 
Chandra and Swift-UVOT/XRT covering the same period as the LHAASO 
detection. Test several radiation mechanisms, including the pp interaction, 
proton synchrotron emission, and two-zone leptonic model. Only the pion 
decay gamma rays in pp interactions can interpret the possible hardening at 
TeV with a one-zone model. The two-zone leptonic model is a viable 
alternative.
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Models for the 2022 LHAASO flare:

- Xue et al. (2025): construct averaged MWL SEDs by combining data from 
Chandra and Swift-UVOT/XRT covering the same period as the LHAASO 
detection. Test several radiation mechanisms, including the pp interaction, 
proton synchrotron emission, and two-zone leptonic model. Only the pion 
decay gamma rays in pp interactions can interpret the possible hardening at 
TeV with a one-zone model. The two-zone leptonic model is a viable 
alternative.

- Mondal et al. (2026): construct a low-state and high-state SED, modeled 
independently the two states with an SSC model. The low state gamma-ray 
flux results from the emissions from the subpc and the kpc scale jets of M87, 
while the flare state gamma-ray flux is mainly produced in the subpc scale jet.
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Objective: use the EMBLEM (Dmytriiev+21) code to reproduce the 2022 flare with a time-dependent SSC modeling, considering 
acceleration or magnetic reconnection as flare drivers, occurring downstream or close to the core. 

Constraints from observations:

Hada+24, adapted from Ro+23a

Hada+24

Extra: time-dependent kinetic modeling
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Objective: use the EMBLEM (Dmytriiev+21) code to reproduce the 2022 flare with a time-dependent SSC modeling, considering 
acceleration or magnetic reconnection as flare drivers, occurring downstream or close to the core. 

Extra: time-dependent kinetic modeling
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Objective: use the EMBLEM (Dmytriiev+21) code to reproduce the 2022 flare with a time-dependent SSC modeling, considering 
acceleration or magnetic reconnection as flare drivers, occurring downstream or close to the core. 

Extra: time-dependent kinetic modeling
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Simulation: spherical free-falling accretion onto a SMBH leading to magnetic reconnection events occurring close to the horizon and 
strong eruption cycles. 

Figueiredo+26

Extra: radiative transfer for GRPIC simulations
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Simulation: spherical free-falling accretion onto a SMBH leading to magnetic reconnection events occurring in the current sheet and 
strong eruption cycles. 

Figueiredo+26

Extra: radiative transfer for GRPIC simulations
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