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COSMIC RAYS

1896: H. Becquerel
discovery of radioactivity

1909: T. Wulf
Eiffel tower and electrometer

1912: V. Hess
balloon flight 5.3 km (17400 feet)

→ Flux of charged particles from space

Felicia Krauß 2a



COSMIC RAYS
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001


WHERE ARE COSMIC RAYS COMING FROM?
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Extragalactic

Galactic
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001


Blazars

Felicia Krauß 3a



BLAZAR SED

γ-rayX-rayopticalradio

10241021101810151012109

100

10

1

0.1

0.01

Frequency [Hz]

ν
F

ν
[1
0
−
1
2
e
rg

s−
1
c
m

−
2
]

Krauß F. et al. (2014)
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http://www.aanda.org/10.1051/0004-6361/201424219


BLAZAR SED

Krauß F. et al. (2014)

c©Wikipedia
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BLAZAR SED

γ-rayX-rayopticalradio
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Synchrotron
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http://www.aanda.org/10.1051/0004-6361/201424219


BLAZAR SED

γ-rayX-rayopticalradio
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Big
Blue

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


BLAZAR SED

γ-rayX-rayopticalradio
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Krauß F. et al. (2014)

Leptonic (SSC, EC)?
Hadronic?

Böttcher (2013)

Felicia Krauß 4e

http://www.aanda.org/10.1051/0004-6361/201424219
http://iopscience.iop.org/article/10.1088/0004-637X/768/1/54/meta


HOW HADRONIC ARE BLAZARS?



HOW HADRONIC ARE BLAZARS?

IceCube collaboration (2018)
Felicia Krauß 6a

https://pos.sissa.it/301/981/


HOW HADRONIC ARE BLAZARS?

Consistent with IceCube?

Felicia Krauß 6b



WHAT IS THE HADRONIC CONTRIBUTION?
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Krauß F. et al. (2014)Felicia Krauß 7a

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


WHAT IS THE HADRONIC CONTRIBUTION?

BATBAT

Planck

BAT
WISETANAMI

ATCA

Ced UVOT XRT
Fermi/LAT

2FGL

1045

1046

1047

10241021101810151012109

100

10

1

0.1

0.01

Frequency [Hz]

ν
F

ν
[1
0
−
1
2
e
rg

s−
1
c
m

−
2
]

ν
L

ν
[e
rg

s −
1]

Krauß F. et al. (2014)Felicia Krauß 7b

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


WHAT IS THE HADRONIC CONTRIBUTION?
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HOW HADRONIC ARE BLAZARS?

Consistent with IceCube?
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Contribution to the high-energy spectrum
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HOW HADRONIC ARE BLAZARS?

Consistent with IceCube?
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SIMILAR FOR ALL SOURCES?

Felicia Krauß 8b



SUMMARY

What is the average percentage of hadronic emission?

4%

Are all sources equally hadronic?

?

Felicia Krauß 9a



METHOD

IceCube Collaboration (2013, 2013, 2014, 2015)

Felicia Krauß 10a

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


METHOD

IceCube Collaboration (2013, 2013, 2014, 2015)

16 neutrinos

Felicia Krauß 10b

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


IDENTIFYING NEUTRINO SOURCES

Unfeasible for most neutrinos
Calculate neutrino emission for large number of sourcesFelicia Krauß 11a



PREVIOUS RESULTS

I Calorimetrically blazars can explain IceCube events
Krauß et al. (2014)

I First coincidence of blazar outburst and neutrino:
PKS 1424−418 and IC 35
Kadler, Krauß et al. (2016), Nature Physics

I (TXS 0506+056 and IC 170922A)

Felicia Krauß 12a

http://www.aanda.org/10.1051/0004-6361/201424219
http://adsabs.harvard.edu/abs/2016arXiv160202012K


IDENTIFYING NEUTRINO COUNTERPARTS
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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


NEUTRINOS > 100 TEV

3FGL sources

Galactic Plane
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 http://www.aanda.org/articles/aa/full_html/2018/12/aa34183-18/aa34183-18.html


NEUTRINOS > 100 TEV

Fermi/LATSwift/XRT
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 http://adsabs.harvard.edu/abs/2018A%26A...620A.174K


NEUTRINOS > 100 TEV
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http://adsabs.harvard.edu/abs/2016NatPh..12..807K
http://adsabs.harvard.edu/abs/2018A%26A...620A.174K


NEUTRINOS > 100 TEV

Fermi/LATSwift/XRT
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≤ 4% of emission hadronic

FIRST CONSTRAINT ON HADRONIC CONTRIBUTION TO SED

Felicia Krauß 15c



MULTIWAVELENGTH MODELING OF TXS 0506+056

Leptonic model (Gao et al., 2018; Keivani et al., 2018)Felicia Krauß 16a

http://adsabs.harvard.edu/cgi-bin/bib_query?arXiv:1807.04275
http://adsabs.harvard.edu/cgi-bin/bib_query?arXiv:1807.04537


MULTIWAVELENGTH MODELING OF TXS 0506+056

Hadronic model (Gao et al., 2018; Keivani et al., 2018)Felicia Krauß 16b

http://adsabs.harvard.edu/cgi-bin/bib_query?arXiv:1807.04275
http://adsabs.harvard.edu/cgi-bin/bib_query?arXiv:1807.04537


CONCLUSION

I Blazars on average ∼ 4% hadronic

I No 5σ associations yet!

I Unclear whether different sources are less/more hadronic

Felicia Krauß 17a


