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1. Intro



€ : Fermi 3FHL Sky Map

Figure: Dominguez et al. 1702.00664



@ : Fermi 3FHL sources
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blazars

+ SNRs and PWNe %« BL Lacs Unec. Blazars Other GAL v Unassociated
Pulsars o FSRQs Other EGAL Unknown o Extended

Figure: Dominguez et al. 1702.00664
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A Emission from different zones.
]
. . Cases for a BL Lac & an FSRQ

Figure: blazar, Urry & Padovani 95
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Leptonic:

e” Synchrotron , IC , yy-absorption

Log v [rest frame]

Ghisellini et al, MNRAS 469(2017), arXiv: 1702.02571

Hadronic (LHm):

p+y(p) = m + p(n)
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Leptonic:

e” Synchrotron , IC , yy-absorption
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Can blazars be:

 All hadronic ? Then sufficient for v

e Bothvand UHECR source ?
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Which type (SED) to look for ?

What composition (UHECR) ?

Figure: Murase, Ahlers, Lacki PRD 2014
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2. Blazar: ‘ ‘
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In v search, why is entire & detailed SED ‘

" High-Energy Cosmic Neutrinos

needed 7

Case: FSRQ PKS B1424-418
Fermi: Burst Phase 2012.6 - 2013.3

lceCube 2PeV event: 2012.12 (IC35)

Figure: Krauss, F. 2016 HAP workshop, Cochem

" lceCube Collaboration'2013: Aartsen et al. 2014
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HESE-35 Field: 2008-2010

Figure: Krauss, F. 2016 HAP workshop, Cochem
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HESE-35 Field: 2012-2013

Ifiguire: Krauss, F. 2016 HAP workshop, Cochem
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e Syn.

SSC

P Syn
n¥ decay

_'I -
vF, (ergscm™?)

ALMA 2MASS
ATCA WISE UvoT

A BA ¢ SMARTS

BAT .
INTEGRAL Fermi/LAT

XRT

High-fluence outburst

2LAC range

1018
Frequency (Hz)

Kadler et al, Nature Phys. 2016

n’ decay = Lv~Ly —>4.5vinPeV
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* LHn not applicable for PKS B1424 oV keV. MeV GeV eV PeV
Burst —— SED,total —— primary e~
joint—fit ---- vallflavors —— y(x?)

e SSC dominates

e X-ray range : hadronic
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SG, Pohl and Winter, 1610.05306, ApJd 2017
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eV keV MeV GeV TeV PeV

—— SED X v—best+ ry—best* joint

v (all flavors)
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Parameter Scan (Lp, Ep max)
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e v-pbest: overshoots X-ray

loglo[Esz/dE] ,erg cm 25 |

e SED-best:noPeVv
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| Tension between v and SED log,olv], Hz
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 v-SED joint-best : 3.2% chance to fit IC35

Low state (2 yr before IC35) : 5.7 % chance

Logo[75]

IC 35 and Burst: correlation insignificant

|«— leptonic

LogolEpmax/GeV]
SG, Pohl and Winter, 1610.05306, ApJ 2017
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Hadronic (LHx) model

Works for some blazars
e.g. Mrk 421, HBLs
1PeV-10PeV v

Boost of detection rate

insignificant : earth absorption

MJD 54850 — 54983
all processes —
only leptonic ----
photopair ——

YY pairs
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proton synchrotron
MID 54850-54983
radio

optical/UV
Swift—-XRT
RXTE-PCA

20 22 24
log v (Hz)

Petropoulou et al. Astropart. Phys. 2016
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Proton syn model

« 3C 279. Needs high mag. field
(~150G this case)
« 300 PeV v, but not efficient

e emission from mesons produces TeV

Diltz, Béttcher and Fossati, Apd 2015
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3. Blazar: ‘ ‘
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Blazars and UHECR

 Auger indicates a heavy composition
e |f blazars are sources of UHECR,
consequences of injecting nuclei in AGN 7

e consistent with lceCube v ?

19.5 20
loglO(E/eV)

Auger global fit, 1612.07155
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Start with a Proton model

static, from obs.

7

Emax self-consistant

too many high energy v

BLR/Dust Torus
Blazar Zone

leeCube2013 .

Waxman-Bahcall'/ ety

Iog(E\,2 ®, [GeV cm?stsrl))

log(E, [GeV])
Murase et al, 1403.4089, PRD 14
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In-source
isotope densities
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Rodrigues, Fedynitch, SG, Boncioli, Winter,
to appear soon.
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In-source 1<A<56
CR density - Fe injected

e
.>()Fe
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| ow reaction rates
nuclear survival
(in low-luminosity BL Lac) -

| /A

10° 107 10® 10° 10%°10''10%?10

In-source
CR density

High reaction rates

nuclear cascade
(in high-luminosity FSRQ)

= = Fe injected i

5(;Fe

Rodrigues, Fedynitch, SG, Boncioli, Winter,
to appear soon.
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v (all flavors)

107
Nuclear survival : Nuclear cascade
10°
v spectrum 107
as a function of

Injecting composition
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1071°
10
Ev.max shifts to lower :
better compatibility

. p injection 160 injection bFe injection
with IceCube L e i
He injection ®Si injection

Rodrigues, Fedynitch, SG, Boncioli, Winter, to appear soon.
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v production efficiency UHECR transfer efficiency

<——><———> <—<—>
HBL LBL/FSRQ HL-FSRQ HBL LBL/FSRQ HL-FSRQ

production efficiency
as a function of
blazar luminosity

1041 1043 1045 1047 1049 1051 1041 1043 1045 1047 1049 1051
Llerg/s] Llerg/s]

— pinjection, diffus. ‘He injection, diffus. — %Fe injection, diffus.

- - p injection, advec. ‘He injection, advec. - - %Fe injection, advec.

Rodrigues, Fedynitch, SG, Boncioli, Winter, to appear soon.

Opposite trends:
High Lum. FSRQ — v emitter
Low Lum. BL Lacs —& UHECR emitter
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. summary

SED of blazar strongly constrains v and CR; All blazars
cannot be hadronic (Lv # Ly)

Nuclear blazar, compared with proton models, yields better v
compatibility with lceCube.

Opposite trends between v and CR emissivity along the
blazar sequence (different Ly) : FSRQ - v; HBL - CR;

Future: identity gamma-ray signals CTA; to reveal it blazars
can be both v and UHECR sources (incl. diffuse sources).

Time-domain; new observables (polarization, PSD, ...)
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Nuclear feed back to the system, self-consistent

X 5
"/ N
Fe

y signatures of nuclear interactions, TeV ? CTA ?




O FSRQs
O BL Lacs

20 ‘ . I
Log v [rest frame] Redshift z

Figures: Ghisellini et al, MNRAS 469(2017), arXiv: 1702.0257 1

Cannot be all hadronic...

30



"

O

Simulated, from f(L,z) Observed

O FSRQs
O BL Lacs

1.0 | | 1
redshift, z Redshift z

SG, Pohl, Winter. In prep. Ghisellini et al, MNRAS 469(2017), arXiv: 1702.02571

Sub-threshold sources ?
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New observables

‘ Polarization

‘ Time-domain, flare, correlation, PSD
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Analytical arguments

 Each constraints -> allowed
parameterregions on [ and B

* No overlaping region that satisfies all:
hadronic model ruled out

A similar approach kills p-syn model

erg/s
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Figure: SG, Pohl, Winter, Apd 2017



Neutrino production

Background Atmospheric Muon Flux

Bkg. Atmospheric Neutrinos (7/K)

Background Uncertainties

Atmospheric Neutrinos (90% CL Charm Limit)
Bkg.+Signal Best-Fit Astrophysical (best-fit slope E~%%)
Bkg.+Signal Best-Fit Astrophysical (fixed slope E~2)

Events per 1347 Days

10°
Deposited EM-Equivalent Energy in Detector (TeV)

Figure: IceCube collaboration
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lceCube analysis 2LAC blazars

900 All QLAC Bla,zars ICECUBE PRELIMINARY

lceCube collaboration
1611.03874

Assumption

Conclusion
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eV keV MeV GeV TeV PeV

——- SED X v—best + ry—best % joint

v (all flavors)

| ow-state result
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e Results are similar

loglo[Esz/dE] , erg cm 25!

e Low-state duration is longer (2yr)
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Conclusion

« SED is leptonic dominated for Burst
PKS B1424-418 Lp ~ baseline B Oox

 Low and Burst state modeled Le basellne _____________ 25X _____________
self-consistently by perturbing Pv 5.1 % 3.2%

Le and Lp
e | ow-state has an even better

probability to observe PeV NU
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light-cross. time —— light-cross. time
%Fe acceleration %Fe acceleration

%Fe disintegration 6Fe disintegration
%Fe photo-meson Fe photo-meson

p photo-meson _ ++  p photo-meson
56Fe pair prod. "Fe pair prod.
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