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synchrotron self Compton (SSC)

» electrons emit synchrotron radiation

» synchrotron photons become targets
for Compton scattering
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Simulated with agnpy: https://agnpy.readthedocs.io/en/latest/

tutorials/synchrotron_self compton.html



https://agnpy.readthedocs.io/en/latest/tutorials/synchrotron_self_compton.html
https://agnpy.readthedocs.io/en/latest/tutorials/synchrotron_self_compton.html

Fermi-LAT Collaboration. Science 339 (2013) 907. arXiv:1302.3307
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the pion bump
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E? dN/dE (erg cm™® s™)
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Best-fit broken power law
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the pion bump

cross section only mildly dependent on energy
pions and gammas have roughly the same spectrum

characteristic spectral feature observed in several sources



leptonic vs. hadronic processes

Accretion disk @ Accelerated et/e-

Relativistic jet, Doppler factor = 20-30 @ Accelerated protons » blazar TXS 0506+056
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8 Gao et al. Nature Astron. 3 (2019) 88. arXiv:1807.04275



Hussain, Alves Batista, de Gouveia

Hussain, Alves Batista, de Gouveia

multimessenger emission from galaxy clusters

Dal Pino, Dolag. MNRAS 507 (2021) 1762. arXiv:2101.07702
Dal Pino, Dolag. Nature Comms 14 (2023) 2486. arXiv:2203.01260

high-energy neutrinos are produced via hadronic processes

cosmic rays are affected by magnetic fields

rate of CR Iinteractions increases if magnetic fields are strong
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multi-messenger paradigm



SN1987A
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https://www.youtube.com/watch?v=xigKhIfD_Ko

GW170817

https://youtube.com/watch?v=Vé6cm-0bwlJ98
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converting to 29...

12 https://www.youtube.com/watch?v=WoxmlY40dlg


https://www.youtube.com/watch?v=V6cm-0bwJ98
https://www.youtube.com/watch?v=WoxmlY4Odlg

GW170817

https://youtube.com/watch?v=Vé6cm-0bwlJ98
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converting to 29...
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IceCube Collaboration. Science 361 (2018) 147. arXiv:1807.08794
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SN 1987A

GW170817

TXS 0506+056

NGC 1068

Galactic plane

15

Dec (J2000)

logy, (v [Hz))

NGC1068

. 10 13 16 19 22 25 28
10_ 1 1 1 1 1 1 1
— »  radio-FIR 4 3FHL
10—8_ . IceCube X-ray <+ Ajello+23
* o s I AWC % koot C HH  MAGIC
g’ o  MIR-UV knot S1
- . -
~ 10 - .
n
B 10 :
= 10710- ‘
-,
20
1071 ‘
KA & -y 3
5 10712 ‘ -~ ﬂ
A‘ P 4 ‘ _+_
10_13' Aa AL \ Y
' ¢
4 1.~
A 8 y ' 4
10_14 T T / T T T — . T T T
- -0 -3 -1 3 3, 7 9 11 13 15
logy (£ [eV])
UV (0.25 um; HST/FOC) Sub-mm (860 um; ALMA)
-0°00'47" -0°00'47" - f“;\\ \‘,,‘ -0°00'47"
FoO Y
e 2
48" 48" - 1N 48"
49" 49" ] 49"
2h42m40.80°5 40.75% 40.70° 40.65° 2h42m40.80°5 40.75° 40.70° 40.65° 2h42m40.80°5 40.75° 40.70° 40.65°
RA (J2000) RA (J2000) RA (ICRS)

Fang et al. Astrophys.J. 956 (2023) 9. arXiv:2307.07121



event

SN 1987A

GW170817

TXS 0506+056

NGC 1068

Galactic plane

16

EM

GAMMA RAYS

A *‘y

NEUTRINOS

Galactic plane

IceCube
13 TeV

Ahlers & Mertsch. Prog. Part. Nucl. Phys. 94 (2017) 184. arXiv:1612.01873



cosmogenic particles

NE Giant Radio Array for Neutrino Detection .
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cosmogenic particles

source evolution: (1+ z)™
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18 Alves Batista, de Almeida, Lago, Kotera. JCAP 01 (2019) 002. arXiv:1806.10879 Alves Batista et al. Front. Astron. Space. Sci. 6 (2019) 23. arXiv:1903.06714
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