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INTRODUCTION



Low-luminosity AGN (LLAGN)

Spectral Energy Distribution Schematic picture
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Low-luminosity AGN (LLAGN)

Spectral Energy Distribution
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naturally exist inside RIAFs

(Narayan &Yi 94, Yuan + 03, Yuan & Narayan 14)

Hot & Tenuous ——> Inefficient Coulomb Collision

(Mahadevan & Quataert 97)



Emission from Hot Accretion Flow6

e.g.) Narayan & Yi 94; Narayan, Sadowski + 12
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Emission from Hot Accretion Flow7

e.g.) Narayan & Yi 94; Narayan, Sadowski + 12

Y —ray & neutrino Emission
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Observation of Astro-Neutrinos

Aartsenetal. 13,15

e |lceCube detected the diffuse neutrinos
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NEUTRINO EMISSION
FROM LLAGNSs

SSK, Murase, & Toma, 2015, ApJ, 806,159



LLAGN Model

SSK, Murase, & Toma, 2015, ApJ, 806,159
-Stochastic Acceleration inside One-Zone RIAF

tp F(p))]_F(p) + Finj,
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cool _
e.g.) Liu+04;Asano&Terasawa 09;
cooling
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Target Photons of py
« Photon fields inside RIAF:

Synchrotron & SSC from thermal electrons
- Thermal balance

5eMC2 = Lrad(Trad)
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LLAGN Model

SSK, Murase, & Toma, 2015, ApJ, 806,159
-Stochastic Acceleration inside One-Zone RIAF

tp F(p))] —F(p) _|_ij7

cool
cooling

Typically
R~ 3x10'3cm
vr~ 7x108 cm/s
' i 9. Laeee
turbulent B fields np ~ 1x10°% cm

i > B ~.5x102iE
R~10Rs




Comparison of Timescales

SSK, Murase, & Toma, 2015, ApJ, 806,159
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Neutrino Spectrum from a LLAGN

SSK, Murase, & Toma, 2015, ApJ, 806,159
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Cumulative Background

v flux from all the sources
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Cumulative Background

SSK, Murase, & Toma, 2015, ApJ, 806,159
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Cumulative Background

SSK, Murase, & Toma, 2015, ApJ, 806,159
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Cumulative Background

SSK, Murase, & Toma, 2015, ApJ, 806,159
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Cumulative Background

SSK, Murase, & Toma, 2015, ApJ, 806,159
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Cumulative Background

SSK, Murase, & Toma, 2015, ApJ, 806,159
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-LLAGN model can explain half part of IceCube events
-Injection efficiency: ner ~ 1073 - 1072

-Other sources may explain the other part.

(e.g., Starburst Galaxies, Low Luminosity GRBs)
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Cumulative Background

SSK, Murase, & Toma, 2015, ApJ, 806,159
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GAMMA RAYS
FROM LLAGN

Fujita, SSK, Murase 15, PRD, 92, 023001
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r-rays by Escaping Protons

Fujita, SSK, Murase 15, PRD, 92, 023001

e Some LLAGNS are
surrounded by the
Giant Molecular Clouds

(GMC)

 Escaping protons emit f

)

gamma-rays through
interaction with GMC
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r-rays by Escaping Protons

Fujita, SSK, Murase 15, PRD, 92, 023001

| from the Galactic Center & Centaurus A |



SUMMARY
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SUMMARY' s, ramens

« We propose LLAGN model as a source of IceCube events

 (Calculating the proton spectra inside RIAFs, we find that
1. Acceleration is limited by escape rather than cooling
2. LLAGN can explain the IceCube neutrinos for either low energy
or high energy data with reasonable parameter sets
3. The escape p can emit 7 by interaction with circum-nuclear matter
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Gamma-rays from LLAGNSs

SSK, Murase, & Toma, 2015, ApJ, 806,159
pp&pr o>t +nl—>v+r
Gamma-rays are inevitably generated with neutrinos

ExtraGalactic Background (EGB) constrains some models

Murase+13; Murase+15
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Cosmic-ray Flux from LLAGNSs

Suppose CRs travel IGM straightly with speed of light,
which gives Maximum CR flux from LLAGN.
This Maximum CR flux is lower than observation

No evolution
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