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> Hlstorlcally cons:dered as a promising cosmic-ray accelerator
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> The neutrino flux much higher than the measured y-ray flux.

> Models built on Fermi y-ray flux by cannot accommodate the neutrino flux.

» Obscuring necessary to absorb the pionic y-ray accompanying neutrinos.

» The high opacity indicates that the neutrinos are produced in dense environment in

the vicinity of AGN core (< 100 Ry)
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> The neutrino flux much higher than the measured y-ray flux.
> Models built on Fermi y-ray flux by cannot accommodate the neutrino flux.
» Obscuring necessary to absorb the pionic y-ray accompanying neutrinos.

» The high opacity indicates that the neutrinos are produced in dense environment in
the vicinity of AGN core (< 100 Ry)
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> The neutrino flux much higher than the measured y-ray flux.

> Models built on Fermi y-ray flux by cannot accommodate the neutrino flux.

» Obscuring necessary to absorb the pionic y-ray accompanying neutrinos.

» The high opacity indicates that the neutrinos are produced in dense environment in

the vicinity of AGN core (< 100 Rs) > Consistent with the multimessenger picture

o for the HE cosmic neutrino flux
Ali Kheirandish (UNLV)



Medium-Energy Excess i1n Neutrino Flux
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Neutrino-Bright AGN

» Accumulating evidence for correlation of lceCube neutrinos in the direction of y-ray
obscured AGN.

» 3.30 excess from ensemble of 11 sources in the Northern Sky (excluding NGS
1068)

» 2.90 excess from the direction of NGC 4151

» 3.00 excess in the stacking search in the Southern sky
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Neutrino-Bright AGN

» Accumulating evidence for correlation of lceCube neutrinos in the direction of y-ray
obscured AGN.

» 3.30 excess from ensemble of 11 sources in the Northern Sky (excluding NGS
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Neutrino-Bright AGN

» Accumulating evidence for correlation of lceCube neutrinos in the direction of y-ray

obscured AGN.

» 3.30 excess from ensemble of 11 sources in the Northern Sky (excluding NGS

1068)

» 2.90 excess from the direction of NGC 4151

» 3.00 excess in the stacking search in the Southern sky
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Neutrino-Bright AGN

» Accumulating evidence for correlation of lceCube neutrinos in the direction of y-ray
obscured AGN.
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Neutrino-Bright AGN

» Accumulating evidence for correlation of lceCube neutrinos in the direction of y-ray
obscured AGN.
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Obscured AGNs - The Multimessenger Picture
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Neutrino and y-ray from Magnetically Powered Corona

Principal Parameters
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Neutrino and y-ray from Magnetically Powered Corona
Principal Parameters

Intrinsic X-ray luminosity L, Provide the CR normalization
CR to thermal pressure ratio Pep/Py < 0.5
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NGC 1068 1n AGN-Corona Model

AK, Mursae, Kimura, ApJ 2021 Ey [GGV]

NGC 1068 (Lx = 10¥ergs™)
IceCube 10 yr
Stochastic j
(high CR pressure)
Magnetic E
Reconnection @ @ N
Stochastic
(modest CR pressure) :
102 10° 10 109

--------

PCR — 5O%Pth
Ttur = 50

PCR — 5O%Pth
Nacc = 104

Por = 0.8% Py,
Ttur = 10




Bright Seyfert Galaxies: IceCube Prospects
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Bright Seyfert Galaxies: IceCube Prospects
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Bright Seyfert Galaxies: IceCube Prospects
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Circinus Galaxy
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NGC 7469
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Emerging X-ray - Neutrino Connection
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The contribution of NGC 1068 like sources

> Not all jet-quiet AGN emits neutrinos similar to NGC 1068
> Only a subset of sources were found in IceCube searches

> If all sources emit neutrinos with high cosmic ray to thermal pressure ratio the
aggregated flux would overshoot the observed all-sky flux at medium
energies

> What could be the contribution of sources with emission properties similar to the
prominent sources?
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Summary

» Growing evidence supports the idea of AGN

as the primary sources of HE cosmic

neutrinos.

» The high-level of neutrino flux at 30 TeV
points to dense environments as the site of

neutrino production.

> Multimessenger connection requires y-ray

hidden v sources

>

NGC 1068 and other source
candidates fit this criteria.

This offers a unique probe of non-
thermal phenomena

»» MeV observations are critical to
identify the sources.
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Results from the Southern Sky

> The majority of bright nearby Seyfert galaxies are in the Southern Hemisphere

> |ceCube has sufficient sensitivity with Enhanced Starting Events to search for

emission from prominent sources in the Southern Hemisphere.

e Best p-value for the
source in the Southern sky:

> Circinus Galaxy

> 3.6 neutrino events at
2.80 local signiticance

(1.80 post trial)

e 2 additional sources with
excess:
» ESO 138-1
» NGC 7582.

e Stacking analysis:
» 6.7 events at 3o

101

Nevent

»  Model expectation e Analysis result
1_ lceCube Preliminary }
Circinus Galaxy
.l. ESO138-1
[ NGCc7582
@
® ®
® g °
8 @ 8 ® $ x x
—60 —-50 —-40 -30 -20 -10

Declination [deg]
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NGC 4151 — 2.90

Dec. [deg]
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» NGC 4151 appears at 2.90 (global significance)
» The second most significant steady source in lceCube
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13 yr N'T Seyfert Search
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Neutrino and y-ray from Magnetically Powered Corona

Principal Parameters

Turbulence strength 1, ——p» Determines maximum CR energy

L\ = 1043 ergs_l, PC.‘R/Pth = 0.5
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Neutrino and y-ray from Magnetically Powered Corona
Principal Parameters

Intrinsic X-ray luminosity L, Provide the CR normalization
CR to thermal pressure ratio Pep/Py < 0.5

Turbulence strength 1, ——p» Determines maximum CR energy

L‘\' = 1043 ergs_l, PCR/Pth = 0.5
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Neutrino and y-ray from Magnetically Powered Corona

Principal Parameters

Intrinsic X-ray Iuminosity L, } Provide the CR normalization

CR to thermal pressure ratio Peg/Py < 0.5

Emission radius —p» Determines injection spectra and optical depths

Turbulence strength 1, ——p» Determines maximum CR energy

L‘\' = 10‘13 ergs_l, PCR/Pth = 0.5

10-3
Neur X Laces where loce is the CR acceleration time E— Ml=1.00e-02  —— 71=2.00e-02
10 i=1.260-02  —— 11=2.51e-02
Large #y; (short 7,..) require shorter 05 L Mw=158¢-02

cooling times to prevent efficient
acceleration
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Proton energy cutoff occurs at higher energies
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Prospects for future experiments

AK, Murase, Kimura, ApJ 2021

[ceCube-Gen2 m— KM3NeT

Modest CR
Pressure Scenario




