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Plan:

UHECR and production of gamma-rays
and neutrinos

Icecube muon data self-consistency and
blazar sources

Extragalactic sources of UHECR, gamma-
rays and neutrinos: minimal model

TXS 0506 BL Lac and minimal model
Conclusions



Production of gamma-

rays and neutrinos from
UHECR sources



Pion production

N+y, =N + zﬂ’ S
N+Ab=>N'+EJtZ E:n -
7’ =2y o} .
T = Ut +v, ‘_p\"'\\ :
U =e +v, +v,  ccnud o sonal o comull s o

n=p+e +v,

Conclusion: proton, photon and neutrino fluxes are
connected in well-defined way. If we know one of them we
can predict other ones: tot tot

P E” ~E.
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Diffuse backgrounds
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© Total EGB
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—a—— Fermi LAT, 50 months, (FG model A)
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o | Galactic foreground modeling uncertainty 3

- Fermi LAT, resolved sources, Ibl>20° (FG model A) i
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Energy [MeV]

Sum of the intensities of IGRB and the resolved high-latitude sources.
Contribution of high-latitude Galactic sources << 5%.

Spectrum can be parametrized by power-law with exponential cutoff.
Spectral index ~ 2.3, cutoff energy ~ 350 GeV.

/{./'\‘.
Markus Ackermann | 5th Fermi Symposium, Nagoya | 23/10/2014 | Page 10 | DESY |
\ ‘.,‘
NS, 74



Self-consistent extragalactic

SOuUrces
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Unresolved BL Lacs give main
contribution to diffuse aamma-rav flux
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A.Neronov, D.S. Astrophys.J. 757 (2012) 61
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BL Lacs give main contribution to high
energy part of diffuse gamma-ray flux

E® dN/JE [MeV/cm/s/sr]
O‘ Oa

=)
&

108 B

M. Di Mauro et al, arXiv:1311.5708
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- !erm| con!lrme! reso‘ution of diffuse

background with BL Lac sources above
50 GeV

cm T s 7). We employ a one-point photon Huctuation analysis to constrain the behavior ot d/NV/dS
below the source detection threshold. Overall the source count distribution is constrained over
three decades in flux and found compatible with a broken power law with a break flux, Ss, in the
range [8 x 107"2,1.5 x 10_“] ph em™? s~ and power-law indices below and above the break of
a2 € [1.60,1.75] and a1 = 2.49 + 0.12 respectively. Integration of dN /dS shows that point sources
account for at least 867 15% of the total extragalactic y-ray background. The simple form of the
derived source count distribution is consistent with a single population (i.e. blazars) dominating the
source counts to the minimum flux explored by this analysis. We estimate the density of sources

Fermi collaboration, arXiv:1511.00693
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Are neutrino sources BL Lacs?
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UHECR proton flux from BL Lacs

10° p———
10°

10%

?%Tﬁ

| HH
& 10° ¢ T# f .
B
~ 2 ]
E. 10 _ }TT - M
—~~ | “
% 101 e “"”n
N " KASCADE 2013 Cox Bor
W, | KASCADE Grande e B
10° F KASCADE Grande EG —=— ]
| P 25 pc with Auger limit bt T ]
10-1 [ Auger 2013 e T !
- Auger 2013 Protons —a— 1
I e —_— . L]
10'° 10'° 10" 10'° 10'° 10%°
E [eV]

G.Giacinti et al, , arXiv: 1507.07534
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Miltimessenger signal from BL Lacs:
dependence on escape energy
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Icecube muon data self-
consistency and blazar
sources



Constraints on BL Lac neutrino
sources

* 1) correlation with Fermi BL Lacs



Fermi blazars and IceCube
neutrinos

A.Neronov, K.Ptitsyna and D.S, arXiv:1611.06338




Blazars are subdominant sou
TeV Blazars?
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Blazar stacking limits derived from Fermi-LAT AGN catalogue (2LAC)  [lceCube'16]

Markus Ahlers (NBI) IceCube Results July 16 & 17, 2018
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!‘azars are suB!ommant IN neutrinos.

Major neutrino sources are
subdominant in gamma-rays

hadronic y-ray emission normalized to best-fit non-blazar EGB

— Vv (per flavor)

global fit range

102 01 110 102 103 107
E [TeV]

[Bechtol, MA, Ajello, Di Mauro & Vandenbroucke’15]



Constraints on BL Lac neutrino
sources

* 1) correlation with Fermi BL Lacs: no
correlation

e 2) neutrino dominant sources: high density
on sky: no doublets



lcecube 8 years muon neutrinos

IceCube Preliminary

Equatorial

0.2 03 04 05 06 07 08 09 1.0
Muon Energy Proxy / PeV

lceCube ICRC 2017
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No doublets put limit on density
of sources
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Constraints on BL Lac neutrino
sources

* 1) correlation with Fermi BL Lacs: no
correlation

e 2) neutrino dominant sources: high density
on sky: no doublets

e What we can do with minimal model?



Constraints on BL Lac neutrino
sources

1) correlation with Fermi BL Lacs: no
correlation

2) neutrino dominant sources: high density
on sky: no doublets

What we can do with minimal model?
Add one more parameter ©



lceCube data: 2 contributions
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lceCube + Fermi LAT :
local source or DM

E2dN/dE, GeV/(cm? s sr)

Fermi/LAT

mey from n° decays
== =V from n* decays
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A.Neronov, M.Kachelriess and D.S., arXiv:1802.09983




Extragalactic sources
of UHECR, gamma-rays
and neutrinos.: minimal
model
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AGNs: Proton-proton interactions in the source region
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UHECR sources p-gamma interaction
with tau>1 for nuclel
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AGN'’s: P-gamma + Proton-proton interactions in the source region
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Evidence for the first
source
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First neutrino source candidate
TXS 0506+056

m Blazar TXS 0506+056 is Fermi source, one of 50
bright sources , but not in first 20.

B Icecube event: lceCube-170922A Sept 22 2017

m [XS 0506+056 has redshift z=0.3365

m HESS/VERITAS observed Sept 23-24: no
detection

m MAGIC detected flair Sept 28 2017

m Fermi detected activity of source in the
same period.
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Model: jet with
small openning

angle for
neutrinos




3C 273 in X-ray, optics and radio
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Model of the jet.

Synchrotron ©  and IC

A.Neronov, D.S, F.Aharonian and O.Kalashev hep-ph/0201410
PRL 89 051101 2002
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Acceleration near Black Hole
In the electric field
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A.Neronov, D.Semikoz and |.Tkachev astro-ph/0712.1737
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Neutrino production in AGN
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X —n

accretion disk

100 kpc-scale jet
v =

A.Neronov, D.S PRD 66 123003 2002
hep-ph/0208248
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Standdard LO neutrino sources
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A.Neronov, D.S. arXiv:1810xxxx, in preparation
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Strongly evolving sources

n, Mpc~3, 1/(cm?s)
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A.Neronov, D.S. arXiv:1810xxxx, in preparation



" RO 0
Summary

m Minimal model explains extragalactic part of IceCube
signal with hard 1/E%2-? spectrum as secondary from
UHE proton-proton interaction in sources. One can
combine it with proton production from nuclei in
sources to explain UHECR composition data

m Negative result for blazar correlation search and
absence of doublets constrain contribution of blazars
to neutrino flux

m First neutrino source is blazar? One can overcome
constraints with small jet opening angle of neutrinos,
but one should see doublets SOON!



