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Dedicated Variability Study for Hadronic Flares

Our Goals - Our Plan

> Model the average leptonic Blazar state

m  Data Preparation
m  LeHaMoC — Numerical Model 2
m  MCMC — Fitting Method

> Hadronic Loading
m  Determine the highest sub-dominant proton

population possible x
> Time Series Analysis
m  Use Gaussian methods to describe Fermi light
curves -
m  Translate Fermi curves to parameter variability =
m  Vary | 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/



Very well
constrained!
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Dedicated Variability Study for Hadronic Flares

Our Goals - Our Plan

> Model the average leptonic Blazar state
[ Data Preparation
m  LeHaMoC — Numerical Model

| MCMC — Fitting Method

LOADING.....

> Hadronic Loading

m  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



=
>
o
o)
<
Qo
~=
o
ot
oy
Q
<
~=
~=
Q
—
o
=

45.0

445

44.0

vL,[erg s71]
o
w
wv

43.0

42.5

42.0

X=109(Ydata/Y Lemoc)

Fy~v®

0.4 1
0.2 14
0.0
—0.2 1
—0.4

MRK501
T

T / «  Fit non-viable
/ « Fitviable
Upper limit for leptonic Model
- | eptonic
|  SED Builder Data
|  XRT Data
BAT Data

~ :ES' i an ""'"_T""

TN TN

[NTL

IIIF' LR L) II[IIII'I

— 13
— —(p-12
—



log(eF.) (ergcm~=2s71)

Comparison to Petropoulou et al. 2023
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Petropoulou, M., Mastichiadis, A., Vasilopoulos, G., Paneque, D., Gonzélez, 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



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 vou ABE

> Time Series Analysis H EHE

m 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
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Creating the variability

Simulated Light Curve by celerite2
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Relative flux [Arbritrary Units]

Translating Flux to parameter variability
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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)

Thank You! .
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Gaussian Process
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Gaussian Process - celerite
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