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1) Cosmic rays & IceCube neutrinos

2) Multimessenger astronomy & blazars

3) Results & current work
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Big Blue
Bump

Synchrotron Leptonic (SSC, EC)?

Hadronic?

http://www.aanda.org/10.1051/0004-6361/201424219


The cosmic ray spectrum

after Hillas 2006

http://adsabs.harvard.edu/cgi-bin/bib_query?arXiv:astro-ph/0607109


? Which sources can accelerate particles to
Ultra-High Energies and how?

? How do we identify the sources of UHECR?
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IceCube Collaboration 2013, 2013, 2014, 2015

http://adsabs.harvard.edu/abs/2013Sci...342E...1I
http://adsabs.harvard.edu/abs/2013PhRvL.111b1103A
http://adsabs.harvard.edu/abs/2014PhRvL.113j1101A
http://pos.sissa.it/archive/conferences/236/1081/ICRC2015_1081.pdf


IceCube Collaboration 2013, 2013, 2014, 2015

http://adsabs.harvard.edu/abs/2013Sci...342E...1I
http://adsabs.harvard.edu/abs/2013PhRvL.111b1103A
http://adsabs.harvard.edu/abs/2014PhRvL.113j1101A
http://pos.sissa.it/archive/conferences/236/1081/ICRC2015_1081.pdf


Detection of high-energy photons is not proof for
hadronic processes!

→ Upscattering of Synchrotron photons by relativistic
electrons via Inverse Compton



Pion photoproduction and neutrinos
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Mannheim 1993,1995
Mücke 2000

http://adsabs.harvard.edu/abs/1993A%26A...269...67M
http://adsabs.harvard.edu/abs/1995APh.....3..295M
http://adsabs.harvard.edu/abs/2000CoPhC.124..290M


HAS A NEUTRINO BEEN ASSOCIATED WITH A
HIGH-ENERGY PHOTON EMITTER?



MAYBE!





RESULTS



Blazars & AGN
? Cumulative search: no significant counterparts
(Glüsenkamp et al. 2016)

? Contribution from Blazars & Pulsar Wind Nebulae
(PWNe; Padovani et al. 2014)?

? Blazars as a class capable of producing observed
neutrino flux (Krauss et al. 2014);

http://adsabs.harvard.edu/cgi-bin/bib_query?arXiv:1502.03104
http://adsabs.harvard.edu/abs/2014MNRAS.443..474P
http://adsabs.harvard.edu/abs/2014A%26A...566L...7K


E20
0235-618

BATBAT

Planck

BAT
WISE

BAT2MASS
TANAMI
ATCA

Ced UVOT XRT
Fermi/LAT

2FGL

1043

1044

1045

1046

100

10

1

0.1

0.01ν
F

ν
[1
0
−
1
2
e
rg

s−
1
c
m

−
2
]

E20
0302-623

BATBAT

Planck

BAT
WISE

BAT2MASS
TANAMI
ATCA

Ced UVOT
OM XMM/pn

XRT
Fermi/LAT

2FGL

1045

1046

1047

E20
0308-611

BATBAT

Planck

BAT
WISETANAMI

ATCA

Ced UVOT XRT
Fermi/LAT

2FGL

1045

1046

1047 ν
L

ν
[e
rg

s −
1]

E14
1653-329

BAT
INTEGRAL

BATBAT
WISE

BAT2MASS
TANAMI

UVOT XRT
Fermi/LAT

2FGL

1045

1046

1047

1048

10241021101810151012109

100

10

1

0.1

0.01

Frequency [Hz]

ν
F

ν
[1
0
−
1
2
e
rg

s−
1
c
m

−
2
]

E14
1714-336

BATBAT

Planck

BAT
WISE

BAT2MASS
TANAMI
ATCA

UVOT XRT
Fermi/LAT

2FGL

10241021101810151012109

Frequency [Hz]

E14
1759-396

BAT

Planck

BAT
WISETANAMI

ATCA

Ced UVOT XRT
Fermi/LAT

2FGL

1045

1046

1047

10241021101810151012109

Frequency [Hz]

ν
L

ν
[e
rg

s −
1]

Krauss et al. 2014

http://adsabs.harvard.edu/abs/2014A%26A...566L...7K


Source Fγ(ergcm−2 s−1) events

0235−618
(
1.0+0.5

−0.5

)
× 10−10 0.19+0.04

−0.04

0302−623
(
3.4+0.7

−0.7

)
× 10−11 0.06+0.01

−0.01

0308−611
(
7.5+2.9

−2.9

)
× 10−11 0.14+0.05

−0.05

1653−329
(
4.5+0.5

−0.5

)
× 10−10 0.86+0.10

−0.10

1714−336
(
2.4+0.5

−0.6

)
× 10−10 0.46+0.10

−0.12

1759−396
(
1.2+0.3

−0.2

)
× 10−10 0.23+0.50

−0.40

Total 1.9± 0.4

Krauss et al. 2014

http://adsabs.harvard.edu/abs/2014A%26A...566L...7K


Blazars & AGN
? Cumulative search: no significant counterparts
(Glüsenkamp et al. 2016)

? Contribution from Blazars & Pulsar Wind Nebulae
(PWNe; Padovani et al. 2014)?

? Blazars as a class capable of producing observed
neutrino flux (Krauss et al. 2014; Krauss et al. 2015)

? Constraints on neutrino spectrum (ANTARES&TANAMI
collaborations 2015)

? Coincidence of blazar outburst and high-energy
neutrino event (Kadler, Krauss et al. 2016)

http://adsabs.harvard.edu/cgi-bin/bib_query?arXiv:1502.03104
http://adsabs.harvard.edu/abs/2014MNRAS.443..474P
http://adsabs.harvard.edu/abs/2014A%26A...566L...7K
http://adsabs.harvard.edu/abs/2015arXiv150202147K
http://adsabs.harvard.edu/abs/2015A%26A...576L...8A
http://adsabs.harvard.edu/abs/2015A%26A...576L...8A
http://adsabs.harvard.edu/abs/2016arXiv160202012K
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Conclusions

? Association not expected for each HE neutrino

? Connection between high-energy (not LAT!) flux
and neutrino flux

? Blazars & AGN are the most promising
candidates

? Currently extending study to 100 TeV

? Track events are promising for direct association

? Further blazar flares promising for ruling
out/confirming blazar hypothesis



BACKUP



37 LAT photons

→ Only 1 photon associated with a resolved source, a blazar
(after IceCube Collaboration 2014)

http://adsabs.harvard.edu/abs/2014PhRvL.113j1101A


(IceCube Collaboration 2014, 2015)

→ Extragalactic origin consistent with isotropic distribution

http://adsabs.harvard.edu/abs/2014PhRvL.113j1101A
http://pos.sissa.it/archive/conferences/236/1081/ICRC2015_1081.pdf

