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* lceCube has been detecting astrophysical vs (TeV-PeV) T

strophysical v, + 7, (best-fit)

* Isotropic arrival distribution = Extragalactic origin v e

+  Soft spectrum by the cascade analysis 510_7 B \ceCube ICRC 2017
— Medium energy (~10 TeV) excess ? ~10* ] : _1__}

*  Flat spectrum by the track analysis—two component ? 107 5 3

- Origin has yet to be determined e w



Neutrino Production Process

« pp inelastic collision o[mb]
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i) opaque to Y-rays, otherwise the accompanied Y-rays overshoot the Fermi data
i) Abundant, otherwise the nearest source should be detected as a point source



IceCube 2020
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+ Point source search with |0-year data set

* Hottest Point (2.90) : M77 (NGC 1068; Seyfert 2)

* Ly > Ly = “Hidden Source”

Hint gf v from Accretion flows
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MAGIC upper limit (125hr)

IceCube 2020

Let us discuss non-thermal process in accretion flows




Luminous & Low-luminosity AGN

UV-luminosity dichotomy by mass accretion rates
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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
— Non-thermal proton production

Turbulent Field
-> proton acceleration




Magneto-Rotational Instability (MRI) °

Machida-san’s talk

Gas accretion with angular momentum  tioshino-san's taik Velikhov *59; Balbus & Hawley ‘91
— formation of rotationally supported disks

Magnetic energy in ¢ = 0 plane
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Accretion flows develop MHD turbulence by MRI




Stochastic Acceleration by Turbulence

i i .2.) Fermi 1949, Petrosian 2012
» Consider plasma with turbulent fields ¢-g.) Fermi etrosian
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D, depends on the particle-wave interaction processes

gyro-resonance in Kolmogorov turbulence : D, x E””

10



Particle Acceleration in Turbulence

Hoshino-san’s talk

PIC in Shearing Box

Hoshino 2013, 2015
Riquelme et al. 2012;
Kuntz et al. 2016

MRI turbulence
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Magnetic reconnection produce relativistic particles
— Higher energy particles interact with larger scale turbulence




“Cosmic ngh energy Background from RQ AGNs
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See also Murase, SSK, Meszaros 2020; SSK et al. 2019, PRD; SSK et al. 2015



Stochastic Acceleration by Turbulence
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Stochastic Acceleration by Turbulence

i i .g.) Fermi 1949, Petrosian 2012
» Consider plasma with turbulent fields ¢-g.) Fermi etrosian

Eo Eo
A Ny A 7

In non-linear stage of MRI turbulence,

turbulence energy is injected in multiple scales

— we need high-resolution MHD simulations

The dominant wave-particle interaction process

depends on the characteristics of turbulence &

pitch angle distribution of particles

— we heed particle simulations in MRI turbulence

D, depends on the particle-wave interaction processes
gyro-resonance in Kolmogorov turbulence : D, x E””

14
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Particle Acceleration in Turbulence
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PIC in Shearing Box
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Magnetic reconnection produce relativistic particles
— Higher energy particles interact with larger scale turbulence




Particle Acceleration in Turbulence

Hoshino-san’s talk

PIC in Shearing Box Particle-In-Cell Simulations
with turbulence

| plasma scale << astrophysical scale

wama: (PIC) (MHD)

Riquelme et al. 201
Kuntz et al. 2016

I We need MHD simulations T

\ to estimate maximum energy of CRs

\4}% Non-thermal ng E 2

100 e particle distribution
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Magnetic reconnection produce relativistic particles
— Higher energy particles interact with larger scale turbulence




MHD simulations + Test Particle Simulations

* We used Athena++ & ATERUI 1l (XC 30, XC50) @ CfCA, NAQO]J for MHD sim.
Density Stone etal. 2020 Magnetic field

Highest resolution run: (Nr, Ng, Ny) = (640, 320, 768)]

SSK et al. 2019 MNRAS
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+ Calculate orbits of ~ 2x104 particles by solving their equations of motion

in snapshot data of MHD simulations

* We focus on very high energy particles.
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MHD simulations + Test Particle Simulations -
* We used Athena++ & ATERUI Il (XC 30, XC50) @ CfCA, NAO| for MHD sim.
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Highest resolution run: (N, Ng, Ny) = (640, 320, 768)]
+ Calculate orbits of ~ 2x104 particles by solving their equations of motion

in snapshot data of MHD simulations

* We focus on very high energy particles.
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Particle orbits

» Put mono-energetic ultra-relativistic particles on a 0.1
ring at (R, 0) = (0.3, T1/2) with random momentum §
directions «

-0.1
* Magnetic fields are directed to azimuth direction

with a spiral due to shear & accretion motions 02

00 01 02 03 04 05 06 0.7

* Inner regions have stronger magnetic fields T RsineR.
—magnetic mirror forces acts outward 0.6
Magnetic energy in 8 = /2 plane 0.4
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Evaluate particle energy in fluid rest frame
- Energy distribution function diffuses in energy space

* The dispersion of the energy distribution is proportional to time
— diffusion in energy space
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104 105

SSK et al. 2019 MNRAS
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Magnetic Field Power Spectrum in ¢ direction
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« m&, peaks at m~10 - 20, which is consistent with scale height H = C,/Q

* Inertial range is too narrow to see the power-law index
— power in smaller-scale waves are underestimated due to numerical dissipation
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Magnetic Field Power Spectrum in ¢ direction
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Higher resolution & Higher order accuracy simulations are necessary
In order to understand particle acceleration in MHD scales

« m&, peaks at m~10 - 20, which is consistent with scale height H = C,/Q

* Inertial range is too narrow to see the power-law index
— power in smaller-scale waves are underestimated due to numerical dissipation
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Accretion flows in AGNs are feasible neutrino & gamma-ray sources 70> 27, mt > Suret
- RQ AGNs can explain X - MeV Y-ray & TeV - PeV v backgrounds

Particle acceleration processes in RIAFs are under investigation
- PIC simulations demonstrated that the magnetic reconnection process inject particles
- MHD + test particle simulations demonstrate the diffusion nature of
the stochastic particle acceleration process in MHD turbulence

- Future higher resolution & higher order accuracy simulations are necessary

to reveal the maximum achievable energy of CRs in accretion flows

Turbulent Field
- proton acceleration
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