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TeV Astronomy 
is Now !
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Dedicated Variability Study for Hadronic Flares
Our Goals - Our Plan

➢ Model the average leptonic Blazar state
■ Data Preparation
■ LeHaMoC → Numerical Model
■ MCMC → Fitting Method

➢ Hadronic Loading
■ Determine the highest sub-dominant proton 

population possible

➢ Time Series Analysis
■ Use Gaussian methods to describe Fermi light 

curves
■ Translate Fermi curves to parameter variability
■ Vary 1 or more key parameters with time in 

LeHaMoC

➢ Simulated TeV light curves and spectra for 
the CTA 3
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SED Builder : https://tools.ssdc.asi.it/SED/
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Dedicated Variability Study for Hadronic Flares
Our Goals - Our Plan

➢ Model the average leptonic Blazar state
■ Data Preparation
■ LeHaMoC → Numerical Model
■ MCMC → Fitting Method

➢ Hadronic Loading
■ Determine the highest sub-dominant proton 

population possible

➢ Time Series Analysis
■ Use Gaussian methods to describe Fermi light curves
■ Translate Fermi curves to parameter variability
■ Vary 1 or more key parameters with time in LeHaMoC

➢ Simulated TeV light curves and spectra for the next-generation CTA
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Comparison to Petropoulou et al. 2023
π0ump up the Jam!

Petropoulou, M., Mastichiadis, A., Vasilopoulos, G., Paneque, D., González, J. B., & Zanias, F. (2023). TeV pion bumps in the gamma-ray spectra of 
flaring blazars. arXiv preprint arXiv:2308.14184, accepted in A&A
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Data from: Fermi LAT LCR



Creating the variability
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Translating Flux to parameter variability

Lγ,SSC~ L2
e

logLγ,SSC~ 2logLe
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https://docs.google.com/file/d/1h1H4j3kYwqmYKT2IIl3lSBqys2pVo3ET/preview
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First Dedicated Variability Study for Hadronic Flares
Our Goals - Our Plan

➢ Model the average leptonic Blazar state
■ Data Preparation
■ LeHaMoC → Numerical Model
■ MCMC → Fitting Method

➢ Hadronic Loading
■ Determine the highest sub-dominant proton population possible

➢ Time Series Analysis
■ Use cGaussian methods to describe Fermi light curves
■ Translate Fermi curves to parameter variability
■ Vary 1 more more key parameters with time in LeHaMoC

➢ Simulated TeV light curves and spectra for the 
CTA (In collaboration with M.Cerruti)
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Backup Stuff
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Gaussian Process 

Data

Coordinates
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Gaussian Process - celerite

Kernel Function

Stochastically accelerated damped SHO

PSD

(Shenbang Yang et al 2021 ApJ 907 105)


