Multi-messenger emission from magnetically
dominated baryon-loaded blazar jets

Maria Petropoulou, Department of Physics (NKUA, Greece)

27 February 2023 - LepHad Workshop 2023, Bochum

In collaboration with: Filippos Psarras (former MSc student, NKUA) , Dimitrios Giannios (Purdue U),
Zachary Davis (graduate student, Purdue U.)




AGN jets as high-energy* non-thermal emitters
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Blazar classes
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Most common non-thermal radiative processes
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Numerical approach (1)
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Numerical approach (2) (=)

A faster and user-friendly time-dependent code in Python with extra features is being
developed by PhD candidate S. Stathopoulos

A Practical Difference Scheme for
Fokker-Planck Equations*

J. S. CHANG AND G. CoOPER

Fe a t u re S Lawrence Radiation Laboratory, University of California, Livermore, California 94550
- Received July 28, 1969

¢ Time-dependent Implicit PDE solver

e Expanding sources

+ i i . . .

* Py+PPinteractions e Slower computation of solution at each time step (compared

e Diffusive acceleration to explicit solvers)

e FElectron bremsstrahlung

e lLargertime steps
e Shorter total computational time



Models of multi-messenger blazar emission
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https://ui.adsabs.harvard.edu/abs/2018ApJ...864...84K/abstract
https://ui.adsabs.harvard.edu/abs/2020ApJ...899..113P/abstract
https://ui.adsabs.harvard.edu/abs/2022arXiv220405060S/abstract

Comparison of modeling results
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A simple, but
physically motivated
jet emission model


https://ui.adsabs.harvard.edu/abs/2023MNRAS.518.2719P/abstract

AGN jets: a multi-scale physical system
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Main model ingredients

Total jet energy flux per unit
rest-mass energy flux
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Properties of relativistic particles

Assumption: jet energy
dissipated via magnetic
reconnection
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Results
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Photon & neutrino spectra
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Neutrino-to-y-ray luminosity ratio

Comparison to phenomenological
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e Strong evolution of Yvy with Ly
e Low-o jets (FSRQs) are dim v sources
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Baryonic loading
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Neutrino emission from the blazar population

This model can be combined with the distributions function
(®(Ly, T, z)) for blazars to analyze the contribution to the

neutrino background

To do this, we map the luminosity function parameters to

the emission Model parameters
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With the parameterized
distribution function, we are
able to study the blazar
neutrino background
contribution and
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contributors.
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Conclusions

e Multi-messenger jet emission model with 3 main parameters: u, o, mdot
e Low-luminosity blazars = less powerful slow, high-c jets with Lv *(0.3-1)Ly
e High-luminosity blazars = more powerful fast, low-o jets with Lv << Ly

e Weak dependence of baryonic loading on p,o (§¥1-30)

Outlook & Challenges

What is the contribution of blazar jets to the diffuse IceCube neutrino flux ?

How can we connect the microphysics of particle acceleration to the macrophysics of jet

dynamics to radiation models?
Thank you! «
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Photon & neutrino spectra
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Interesting neutrino alerts & blazars

® TXS 0506+056 / IC - 170922A (IceCube collaboration 2018, Science)
o Masquerading BL Lac with Esyn,pk <4 eV [ISP]| (Padovani et al. 2019, MNRAS)
o Neutrino (¥ 290 TeV) detected during a MW 6 month-long flare Fermi 3LAC (2015)

T T T T T T T T
o 3HSP J095507.9+35510 / IC-200107 (Giommi et al. 2020, MNRAS: oL ]
Paliya et al. 2020, ApJ)
o  BL Lac with Esyn,pk > 1keV [“extreme” HSP]
o  Neutrino (??) detected 1 day before a hard X-ray flare in 2020 -
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e — PKS 0735+178 / IC-211208A (sahakyan,... MP ... 2022, arXiv:2204.05060) = E
o  Masquerading BL Lac with Esyn,pk < 4 eV [ISP] 10 E
o IC neutrino (Y172 TeV ) detected at peak of a 3-week y-ray flare o ;
o  Lower energy neutrinos detected by Baikal, KM3Net (low significance) E
lﬁl} OHHO.|5HH4IIII1.|5HI_I2|HH2!5HH(;I H3.5
e = PKS 1502+106 / IC-190730A (Franckowiak et al. 2020, ApJ) Redshift

o FSRQ with Esyn,pk < 0.4 eV [LSP]
o Neutrino (¥ 300 TeV ) detected during period of low MW activity (no flare)
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