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Multi-messenger observation
from Blazar TXS 0506+056

® Blazar : AGN w/ a relativistic jets

(mostly energetic pt, e~ above
PeV scale)

® By the scatterings with X-ray
photons or synchrotron radiations,

® photopion prod. P"Ybkg — p7TO 717T+

T —>@7r %u@n—)p@

— I/I/
® inverse compton G’kag 6@ H

® Usually both energetic neutrino around O(100) TeV - O(100) PeV and
multi-wavelength (from optical to gamma-rays) photon fluxes are expected.
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Astrophysical models for Blazar
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Astrophysical models for Blazar

e F, [ergcm™?s™]

& Energy (eV)
S S R N A S T A L A L L T 0 5 10—4 10—1 1 02 105 108 1 011 1014 1017 1020| 021
i | (max) CWETT T T T T T T T T LT T T L T L T T T 71y =
— L v F g
10—10:— - 2X Lémax) LM § [ = 10"g
B g 100 i 3
— 46 T = [ f“ E:
B il 10 Lf — ® / 4 — 1046
X 10" 'y e
107" 2 = )
- , 2 o : —| 10%
- & — E
B ‘ -12 | -
L , _10458 10 = g ]
B . o - ricam 44
N N 77 ==/ | — 10
1072 © 107 o A 2 -
E & E , ,’:/:'(/ / //// .‘\ “| /i _— 1043
L 19k E_. ,'(' o "\_ ‘; :'. /| | -
{012 =01 AR AT/ I L IR, Nl T N
. 10" 10" 10" 10" 10" 10* 10%2 10* 10*° 10* 10*° 10% 1&?1{023)5
i j M. Cerruti et al. [1807.04335]
1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 l 1 1 1

10° 0 100 108 * Pure hadronic models are disfavored

e [eV]

A. Keivani et al. [1807.04537] due to the overshoot in X-ray.



Astrophysu:al models for Blazar
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e The leptonic model scenarios are favored
to explain EM multi-wavelength obs.
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e The leptonic model scenarios are favored
to explain EM multi-wavelength obs.

e Most events are expected at O(100) PeV energies and
Event rate at 100 TeV - 1 PeV energy is suppressed as ~ 1072 — 1072 /yr
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e The leptonic model scenarios are favored
to explain EM multi-wavelength obs.

e Most events are expected at O(100) PeV energies and
Event rate at 100 TeV - 1 PeV energy is suppressed as ~ 1072 — 1072 /yr

e Obtaining O(1)/yr event rate at IceCube is very tough
within simplest astrophysical models.



New self-interaction of neutrinos
and neutrino cascade during propagation

e 1 self-interaction with light mediator
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New self-interaction of neutrinos
and neutrino cascade during propagation

e Obtaining the modified flux with simple neutrino cascades
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Event spectrum at lceCube

eEnhancement of neutrino flux at 100 TeV - 1 PeV =~ O(10 - 100)
without changing any EM component spectrum

eSuppression of neutrino flux at ~ 3-10 PeV by resonance
= The absence (or suppression) of multi-PeV neutrino events

o)
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Event spectrum at lceCube
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Conclusion

® The neutrino flare at TXS 0506+056 provides the first complete set of
multi-messenger observation including photons and neutrinos.

® Pure hadronic models are disfavored and
Leptonic models are suffered from the explanation of IceCube neutrino obs.

® neutrino self-interaction with a light mediator (m ~ 10-50 MeV) enhances

in O(100) TeV neutrinos and suppresses O(1-10) PeV neutrinos
due to the neutrino cascade during propagation that can explain the observed
anomaly.

® Future multi-messenger 1079 Po e —
observation will increase o : ‘ b, e
the statistics for the test of - pe ¥ o
this scenarios, providing .. § o A
the detailed features of Tl el I
low energy neutrino ) ey
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sector.
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