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 Neutrino Emission from Accretion Flows
- Particle acceleration in accretion flows
- Neutrino emission from accretion flows
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Cosmic-Rays (CRs)
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Origins and production mechanisms are unknown
for a century



Traditional Astronomy
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High-energy neutrino production

- pp Inelastic collision
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Interaction between CRs & photons/nuclei - Neutrino production
Gamma-rays inevitably accompanied with neutrinos



Multi-messenger Astronomy
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Detection of Astrophysical Neutrinos

lceCube Lab
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\ IceTop

- 80 Stations, each with

— 2 IceTop Cherenkov detector tanks

2 optical sensors per tank
320 optical sensors

2010: 79 strings in operation
2011: Project completion, 86 strings
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lceCube experiment reported
detection of astro-v in 2013
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* Soft cosmic neutrino spectra
(High intensity @~10 TeV)

e QOrigins of astro-neutrinos:
new big mystery



Difficulty of neutrino sourc tification

: Opt| T Clevs » Optical telescope
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Gamma-ray Constraint

hadronic y-ray emission normalized to best-fit neutrino flux
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e vintensity@10 TeV > y-ray intensity@100 GeV
—> accompanying y-rays overshoot Fermi data

- y-rays need to be attenuated by y +y — e¢* + ¢



Neutrinos from Seyfert Galaxies

. Point source search with 10-year data set lecCube 2020,2022 = Stacking analysis

-Hottest Point (2.90—> 4.20) : NGC 1068 (Seyfert 2) - Association between
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Let us discuss high-energy emission
from accretion flows
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 Neutrino Emission from Accretion Flows
- Particle acceleration in accretion flows
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AGN Accretion Flows

 QSO: Blue bump & X-ray
—>Optically thick disk + coronae

. : No blue bump & X-ray
—>Optically thin flow

Radiatively Inefficient Accretion Flow (RIAF)

Protons in coronae & RIAFs are collisionless =
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Particle Acceleration in Accretion Flows g

Accretion flows: no strong shock. How to accelerate particles?

Particle-In-Cell Simulations in shearing box Particle-In-Cell Simulations with turbulence
Hoshino 2013, 20135; Riquelme et al. 2012; Kuntz et al. 2016 Comisso & Sironi 2018, 2019; Zhdankin et al. 2018
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Stochastic Acceleration by MHD Turbulence

CR Acceleration Theory | e.g) Fermi 1949

Eo wave

‘—»* <~~~

particli/

- @ E’ > Eo

Eo wave

®———xx >

particli/

E’ E’" < Eo

Some gain E, others lose E
—>diffusion in E space

oF, 1 o , oF,
ot E? OE 5]

15

MHD + Test Particle Simulations

SSK+ 2016 ApJ, 2019 MNRAS; Sun & Bai 2021
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 Neutrino Emission from Accretion Flows

- Neutrino emission from accretion flows
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Pringle 1981, Ho 2008, Hopkins 2007, Mayers et al. 2018
Bat AGN Spectroscopic Survey 2017, 2018,
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Luminous objects

— Rich observational data

—> empirical relation based on
observations
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* Low-luminosity

Ta rgEt p h OtO NS — Poor observational data

—> Formulation based on theory

i N LLAG N  Thermal electrons in RIAFs emit photons

See also SSK et al. 2015, 2019 through Synchrotron & Comptonization

 Photon cutoff energy is always around MeV
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Multi-messenger i
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Cosmic High-energy Background from RQ AGNS
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HE particles from Nearby AGNs .

e Stacking nearby Seyferts Kheirandish, Murase, SSK 2021 ¢ Stacking nearby LL AGNs
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e Our model predicts L, o< Ly * IceCube cannot detect any neutrinos
—> we can pick up good v-source candidates e |ceCube-Gen2 will detect a few neutrinos
 Future detectors should detect v from AGN above atmospheric background

- robustly test model by future experiments




Application to NGC 1068 :
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Our model fit latest IceCube data
without tuning parameters

Model update:
L, = 10 erg/s — 3 x 10 erg/s

Gamma-rays are absorbed by
y+y—et+e”
—> consistent with gamma-ray data

Future MeV satellites can detect
MeV gamma-rays
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Summary

* Origins of cosmic high-energy neutrinos are big mystery in astrophysics

e Accretion flow provides unified scenario for cosmic HE backgrounds
- Coronae in Seyferts galaxies can reproduce X-ray &
10-100 TeV v backgrounds without violating Fermi constraints.
- RIAFs in LLAGNs can explain MeV y & PeV v backgrounds

* Future multi-messenger observations can solidly test the scenario:
- Future detectors can detect AGN as point sources
- Proposed MeV satellites can detect MeV y rays from nearby AGNSs
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