UNIVERSITAT [
WURZBURG |

TANAMI Blazars as Possible Sources
- of the IceCube PeV Neutrinos
Matthlas Kadler

= Kraurs K Mannhelm R. tha C. Mdller, R. Schulz
. for the TANAMI and Fermi-LAT Collaboratlons

;J TN L'chrs.tu‘hl .ﬁir
ha24 Astronomie

Universitdt Wiirzburg, .




What are the Sources of the
IceCube Neutrmo Slgnal’7

4 It:‘eCU'be Cbz_l'laborat_iplj 2013, Science 342, 1
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B Background Atmospheric Muon Flux

[ Bkg. Atmospheric Neutrinos (#/K)

Background Stat. and Syst. Uncertainties

— Atmospheric Neutrinos (Benchmark Charm Flux)
— Atmospheric Neutrinos (90% CL Charm Limit)
— Signal+Bkg. Best-Fit Astrophysical E~* Spectrum
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~ TANAMI Blazars in the IceCube PV Neutrino Fields

Ly 0235-618 2011-11-13
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"_'TANAI\/II Bl4azarls m 'the ICeCube PeV
Neutrlno Flelds

- * Classical double-humped blazar SEDs
~ * Blue bumps in 3 sources

- KrauB et al. 2014, A&A 566, L7
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 Estimate Maximum Neufrino Output

1. Assume presence of accelerated [ ﬁ
| protons (hadronic jet models) '

Pion photoproduction

. Estimate neutrino flux from
bolometric high-energy flux
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~ « Fit SEDs with .
 log-parabolas

" (plus BB component, 1 |
~ absorption) ,-
. | . 1714-336 . /|l Integration
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TANAI\/II Blazars |n the IceCube PeV
Neutrlno Flelds

Source 2671 events

1 The six TANAMI blazars are | . u

5o . o S5) +0.1C

| capable of explaining the | = [ERCESEENCENE 0.862g10

i - : 1714-336 4+03) ¢ - 0.46+0-10

| observed IceCube signal -0} “012

e e R TR SO B 1759-396 (1.2*03)x 0.23+050
e

.. ; But:

1. No individual Source bright enough for a direct association
= Highest flux from 1653-329 and 1714-336
2. Blazar y-ray luminosity function ~F-2.4

= Substantial contribution of faint, remote sources
= Substantial fudge factor needed



. Neutrlno Telescope in the
_Medlterranean (Water -
~ Cerenkov Detector)

"+ Highest sensitivity in -

- TeV neutrlnos

e*oen operatlon smce 2008 o / '. i
*00%km3 o (T L a

- TANAMI sky region for :




- ANTARES Restits '

B Source Nsig P Limit

_ A _ 1078 GeV-l ecm—2 s~

B 0235—618 1 1.3

B 0302—623 1 1.3

B 0308—611 _ 0O 1 1.3

B 1653—329 0.10 2.9
| 1714-336 0.04 3.5

BN 1750306 =T 1 1.4

1 1 1 i 1 1
) B A e

P—l

* 1653-329 and 1714-336: one event, each.

= Consistent with blazar-source hypothesis, but also with background
. * Zero events for the other four blazars.

Either:

" = Not the sources of the PeV neutrinos, or

 ‘- = Neutrino spectra flatter than -2.4



e 2PéV eVent On Dec 4, 2012
R (Aartsen et al. 2014)

. * RA=208.4°, Dec = -55.8°
(J2000)

. * Median pos. uncertainty:

* 15.9deg

= 17 gamma blazars (2LAC)

* Again: integral flux
- sufficient to explain the

Output domlnated by a smgle source: PKS Bl424 418 |




* PKS B1424-418: Radio Outburst

= Radio core flux density increased from
© 1.5Jyto 6Jy in late 2012 to early 2013 4
~* Strongest outburst ever seen by TANAMI -~

; : -

2011-11-13 2012-09-16 T W 2013-03-14




PKS I1424 418 Gamma Outburst

Outburst commdent W|th BlgBlrd arrlval tlme '
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Predlcted Neutrlno Output 2 2 Events
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Chan ce _-COiﬁ nci dence e

~50%0
Most dramatic

Highest-energy blazar outburst of

neutrino (seen in the (far) southern
the southern sky)




~ * Integrated flux of blazars can explain the IceCube
- signal
* Follow-up with ANTARES finds two neutrinos

coincident with the two brightest candidates (still
consistent with background)

_* Assume an:association = Rather flat neutrino
<. spectra

Bl 1653-329 (45%03)x 10710
1714-336  (24733)x 1071 N
) 1759-396 (1.2703)x 10710 0.23%030




. Summa ry o

-+ First time that a single blazar can explain an
individual PeV neutrino

** Comparable blazar outbursts had substantlally
. lower-sensitivity IceCube coverage

-+ Still ~5% chance coincidence
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- Neutrino Telescope Sensitivities:

o .
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ANTARES sensitivity (1338 days)
m ANTARES (1338 days)
- ANTARES full-sky limit - 1 bands (1338 days)
= «==x ANTARES E, <100 TeV sensitivity
- 1 IceCube 3 years

o IceCube 3 years sensitivity
= wsun lceCube 3 years E, < 100 TeV sensitivity

[GeV cm?s ]

* Main limitation:
atmospheric
background

90CL

E2¢

= Look down
through Earth

III]I]I

= At E<100TeV:
Southern sky | . %8
aCCeSSible Only - ANTARES Collaboration 2514 ApJ 786, L5

for ANTARES -1 08 -06 -04 -02 O 02 04 06 Dé?n(a)-l
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Steep spectra 2 3 events Flat spectra O 2 O 3 events

| = ANTARES constrarns the possrble neutrrno spectra for the\
e candldate sources :

IceCube Southern Skx S
Antares: 6 = 33
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__ANTARES Collaboration and TANAMI Collaboration 2015 _A&A 576




What are the Sources of the
IceCube Neutrmos’? ‘
. Sihgle Galactic-Center source excluded o
. (ANTARES Collaboration 2014, ApJ 786, L5)
~* Sky distribution consistent with isotropy
et Gamma-ray bursts excluded (IceCube 2012,
- ANTARES 2014) |

e ‘AGN jets (Mannhelm 1995, Learned &Mannhelm
2000)’? . . -




TANAI\/II Blazars |n the IceCube
PeV Neutrlno F|elds

A The six radio- and y—ray brightest AGN in the Ernie
and Bert 10 uncertainty regions:

Source

0235-618
0302-623
0308-611

1653-329
1714-336
1759-396

RA[]
39.2218%
45.9610"
47.4838"
254.0699%
259.4001*
270.6778°

neutrinos?

De.c[°]

-61.60434
—62.1904"
—-60.97757
—-33.03694

—-33.7024*

—39.6689°

Lrd

£

0.47
1.35¢
1.48¢
2.40°
?
1.32"

Class.
FSRQ
FSRQ*
FSRQ*
FSRQ°

BL Lac*

FSRQ"

O [°]
5.61
5.98
7.39
11.18
7.87
12.50
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