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Cosmic High-energy Backgrounds
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Propose AGN accretion flows
as sources of MeV yY-rays & TeV-PeV neutrinos
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AGN Accretion Flows
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Comptonized X rays
CR-induced cascade YZLQ
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disk
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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)]

Y —ray & neutrino Emission
p+p = p+p+An0+Br*
p+r > p+p+mr°
p+r =2 p+n+mt
n0 > 27, nt > 3v+et

Turbulent Field
- proton acceleration

Protons in coronae & RIAFs are collisionless
— Non-thermal proton production



Particle Acceleration in MRI Turbulence8

Particle-In-Cell Simulations MHD + Test Particle Simulations
SSK et al. 2016, 2019
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Magnetic reconnection and MHD turbulence accelerates CRs
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- Photons from Thermal Electrons
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Bat AGN Spectroscopic Survey 2017, 2018,

Comptonized X rays
CR-induced cascade
CR optlcaI/UV

accretion
lack hol
disk 5 ZL% b ackhote ;‘ ;72

Luminous objects

— Rich observational data

— We can use empirical
relation based on observations

Opt-UV photons from accretion disk
X-rays from coronae above thin disk
Higher Lopd/Lx for higher Ly AGNs
Softer spectra for higher L AGNs

Free parameters:
viscous &, plasma B, corona size R




Radio-MeV photons
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NGC3998 (high-Mgy;, mid-m)

11
* Low-luminosity

— Poor observational data

— Formulation based on theory
Thermal electrons in RIAFs emit photons
through Synchrotron & Comptonization

Photon cutoff energy is always around MeV
because L, o T%

* ¥ =T for synchrotron ssketal.2020
* y = 6 — (Int/In[16kT,/m c*]) > 6

for Comptonization

Y —ray & neutrino Emission
_|p+p 2 p+p+An+Br*
p+r > p+p+mrP

p+r1 2> p+n+mt
0> 27, nt > 3y+et N
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Turbulent Field
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Non-thermal
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Comptonized X rays
CR-induced cascade

y&optcaluv

| p+p > p+p+ArO+Brt

7Y —ray & neutrino Emission

p+r 2> p+p+n°

70> 27, n*t > 3v+et

14

p+r 2 p+n+mwt Z

Hot Plasma

black hole

5 %

/Xf\) A
Turbulent Field
-> proton acce

leration

+ Gyro-resonant wave-particle interactions
in Kolmogorov-like MHD turbulence

* Escape : Diffusion & advection (to SMBH)
+ Coolings:

hptp2>ptp(n)+

i) pry = p (n) + T,

i) pty 2 ptette

iv) proton synchrotron
* Muon & Pion Coolings are negligible
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Y —ray & neutrino Emission )
| p+p > p+p+AnO+Brt v
p+T1 > p+p+mr° .
p+r > p+n+mt

0> 27, nt > 3v+er

5i

Luminous AGNs can account for X-ray and
|0 TeV neutrino backgrounds

LLAGN can explain PeV v and
MeV Y backgrounds

GeV Ys are attenuated inside accretion
flows — well below the Fermi data

Pcr ~ 0.01 Py, — reasonable in the sense
that CR energy < Magnetic energy

AGN cores can account for a
broad range of Y & v bkgd



HE particles from Nearby AGNs

Murase, SSK, Meszaros 2020
See also Inoue Y. et al. 2020

. M77 (NGC 1068)
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* Possible to explain IceCube data
without overshooting Y-ray data

* Y toV flux ratio is fixed by observed spectrum
— We can robustly test our model by
future experiments

¥ —ray & neutrino Emission
|p+p > p+p+AnO+Br* -
p+7r > p+p+nr°
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w0 > 27, nt > 3v+er

Hot Plasma

- Stacking nearby LL AGNs

SSK, Murase, Meszaros 2020
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] w10 LLAGN (w. IceCube-Gen2-like)
] = == NGC 4565 (w. IceCube-Gen2-like)
] —— 10 LLAGN (w. IceCube)
1 — — NGC 4565 (w. IceCube)
Atmospheric (w. IceCube-Gen2-like)
Atmospheric (w. IceCube)

IceCube N
:- — — —_— \
Lo-1 INGC 4565~ — —_ \ |
103 104 105 10%

E, [GeV]

*  We cannot detect single LL AGN even with
lceCube-Gen2

* IceCube cannot detect any vs

* lceCube-Gen2 will detect a few vs
above atmospheric background
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Comptonized X rays ¥ —ray & neutrino Emission
CR-induced cascade g | p+p > p+p+AnO+Bnt w ) ] 8
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Accretion flows in AGNs are feasible neutrino & gamma-ray sources
- Coronae in Seyfert galaxies can reproduce X-ray & 10-100 TeV v backgrounds
- RIAFs in LLAGNSs can explain MeV Yy & PeV v backgrounds
— Combining these two, AGN accretion flows can explain
a wide energy range of Y & v backgrounds
Future multi-messenger observations can robustly test our models:
- lceCube-Gen?2 can detect AGNs as point sources
- Proposed MeV satellites can detect MeV Y rays from AGNs
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