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

* How do we identify the sources of UHECR?






Mannheim (1993), Mannheim (1995)
Mucke (2000)
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Detection of high-energy photons is not proof for
hadronic processes!

— Upscattering of Synchrotron photons by relativistic
electrons via Inverse Compton
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Mannheim 1993,1995
MuUcke 2000
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HIGH ENERGY PHOTONS AS TRACERS OF NEUTRINO

EMITTERS
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HAS A NEUTRINO BEEN ASSOCIATED WITH A

HIGH-ENERGY PHOTON EMITTER?










RESULTS




Cumulative search: no significant counterparts
(Glusenkamp 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
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http://adsabs.harvard.edu/abs/2014A%26A...566L...7K
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Blazars & AGN

Cumulative search: no significant counterparts
(Glusenkamp 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)
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Constraints on neutrino spectrum (ANTARES&TANAMI
collaborations 2015)
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Blazars & AGN

Cumulative search: no significant counterparts
(Glusenkamp 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)
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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

Equatorial

(uftel: IceCube Colllaboruﬂon 2014)
— Only 1 photon associated with a resolved source, a blazar


http://adsabs.harvard.edu/abs/2014PhRvL.113j1101A
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Galactic sources are not capable of producing PeV neutrinos

Pulsars: Eichler 1978, Harding et al. 1990, Anchordoqui et al. 2003, Link &
Burgio 2005, 2006, Bhadra et al. 2008

Binaries: Gaisser et al. 1985, Eichler et al. 1993, Levinson 2001, Bednarek et
al. 2005, Razzaque et al. 2010, Sitarek et al. 2012, 2014

SNR & PWNe: Cheng et al. 1990, Aharonian & Atoyan 1996, Protheroe et
al. 1998, Bednarek & Bartosik 2003, Mandelartz et al. 2015, Di Palma et al.
2016

Fermi Bubbles: Crocker 2012, Lunardini & Razzaque 2012, Razzague 2013,
Lunardini et al. 2015
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Gamma-ray Bursts (GRBs)

0.1-10PeV (Waxman 1995; Waxman
& Bahcall 1997, 1999: Dermer 2002, 2003,
Murase & loka 2013)
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Gamma-ray Bursts (GRBs)

Black hole
engine

Prompt
emission

Afterglow




' Starforming Galaxy

~300 TeV (Loeb & Waxman 2006, Thompson et al.
2006, Tamborra et al. 2014)
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Starforming Galaxies

* LAT evidence against star-forming galaxies as
dominant source of IC neutrinos (Bechtol et al. 2016)



http://adsabs.harvard.edu/abs/2015arXiv151100688B
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GRBs

* If large number of hypernovae vs. supernovae (Senno
et al. 2016)

* Low flux of v fromm GRBs (Becker 2010)
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GRBs

* If large number of hypernovae vs. supernovae (Senno
et al. 2016)

* Low flux of v fromm GRBs (Becker 2010)

* No prompt neutrino event consistent with a known
GRB (IceCube Collaboration 2015)
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* If large number of hypernovae vs. supernovae (Senno
et al. 2016)

* Low flux of v fromm GRBs (Becker 2010)

* No prompt neutrino event consistent with a known
GRB (IceCube Collaboration 2015)

* Afferglow neutrinos possible at PeV-EeV but no
detection (Razzaque 2013)
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