The Universal Prior to

Extragalactic Cosmic Ray Production
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a striking coincidence, a mystery, or what?
The Hillas Plot: 10%° eV everywhere! Why?
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Many sources. . . ...one physics!
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Many sources. . . ...one physics!
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The Universal view ... looking from above
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The Universal view

Scale-free processes

Scale-free processes: Gravity grooves!
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The Universal view

Energetics
Energetics of the Universe
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Energetics of the Universe
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The Universal view Production of non-thermal energy

Scale-free production of non-thermal energ
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The Universal view Production of non-thermal energy

Scale-free production of non-thermal energy
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Prsclian of gep-dieie] ansigy
Scale-free production of non-thermal energy
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Prsclian of gep-dieie] ansigy
Scale-free production of non-thermal energy
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The Hillas Plot: Explained and understood!
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The Universal view

Particle acceleration

Getting to cosmic rays
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LGS LIEIEEIRISWAl  Getting to cosmic rays

Particle acceleration
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Clusters of galaxies Powerful but slooooowww. . .

Contributions to the cosmic ray flux above the ankle: clusters of galaxies

Hyesung Kang, 4 Jorg P. Rachen“ and Peter L. Biermann®*

Dep of Earth S Pusan Natic iversity, Pusan 609-735, Korea
“Max-Planck-Institut fiir Radi i D5301050nn Germany
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Clusters of galaxies Powerful but slooooowww. . .

Contributions to the cosmic ray flux below the ankle:
clusters of galaxies !!
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Basic model and analytical approximation
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SipE et EmpIiEn ¢ WHECR
Spectrum and composition of cluster VHECR
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SipE et EmpIiEn ¢ WHECR
Spectrum and composition of cluster VHECR

E% Intensity [cm? sr s GeV? ]

10°

102 £

10

C = SNR-CRs

L mTIBET N C/He=0.4 — WR-CRs

- ®KASCADE . Cluster-VHE
¢ lcefop EG-UHE

£ A HiRes Il e TOtal EG-CRSs

C ¢ Auger = Total

vl v vl v IENERETIT RS TRTTT B T B AR

10° 108 107 108 10° 10"° 10"
Energy E (GeV)

PRELIMINARY — provided by Satyendra Thoudam

Jorg P. Rachen (Radboud University) Universal Prior to EGCR Production Texas 2015 / Session 19

13/ 16



Spectrum and composition of cluster VHECR
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SipE et EmpIiEn ¢ WHECR
Spectrum and composition of cluster VHECR
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SipE et EmpIiEn ¢ WHECR
Spectrum and composition of cluster VHECR
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Spectrum and composition of cluster VHECR

The Dip-Model is dead!
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SipE et EmpIiEn ¢ WHECR
Coming up ...

Radio detections of cosmic rays reveal a strong light mass com-
ponent at 10'7 - 107 eV

S. Buitink2, A. Corstanje2, H. Falcke?345, J.R. Horandel>#, T. Hueges, A. Nelles?7,J. P. Rachen?,

L. Rossetto?, P .Schellart?, O. Scholten®?, S. ter Veen3, S. Thoudam?2, T. N. G. Trinh8, J. Anderson!?,

Study of the energy spectrum and composition of cosmic rays up
to the highest energies

S. Thoudam'>2*, A. van Vliet', A. Achterberg!, S. Buitink®, H. Falcke:*>, J.R. Horandel"*, J.P. Rachen'

Department of Astrophysics, IMAPP, Radboud University Nijmegen, P.O. Box 9010, 6500 GL Nijmegen, The Netherlands
Now at: Department of Physics and Electrical Engineering, Linnéuniversitetet, 35195 Viixjo, Sweden

Astronomical Institute, Vrije Universiteit Brussel, Pleinlaan 2, 1050 Brussels, Belgium

NIKHEEF, Science Park Amsterdam, 1098 XG Amsterdam, The Netherlands

ASTRON, Postbus 2, 7990 AA Dwingeloo, The Netherlands
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The Message of the Story

o The presence of cosmic rays in the Universe is not more or less
mysterious that the presence of light
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The Message of the Story

o The presence of cosmic rays in the Universe is not more or less
mysterious that the presence of light
o This includes ultra-high energies!
o Ubiquitus, self-similar process: smooth power law spectrum in
spite of source mix (many sources—one physics)

o Bayesian Prior: Energetic guideline for detailed modelling of
cosmic ray sources
o ...to replace the Kronecker ;. prior
o Total energy budget limited: spectra must be close to £—2

o Quite solid prediction for VHECR from clusters of galaxies
o Ankle as extragalactic dip, consistent with composition trend
o Prediction of ”helium fingerprint” right below the ankle
o Possible explanation for PeV electron neutrinos due to
photodisintegration of helium (tbd)
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Thanks!

B.ayesiafl Modeling of the Galactic !\/Iagnetic ——
Field using ground and space-based radio to sub- I SPACE

- . . J SCIENCE
millimetre and ultra-high energy cosmic ray data
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Torsten EnBlin, Glennys Farrar, Diego Harari, Marijke Haverkorn, Jorg Horandel, Tess Jaffe, Jans Jasche, Natalia
Nowak, Niels Oppermann, Katarzyna Otmianowska-Mazur, Christoph Pfrommer, J6rg Paul Rachen (coordinator),
Anvar Shukurov, Theo Steininger, Xiaohui Sun, Robert Tautz, Michael Unger, Arjen van Vliet; with contributions
by Nafiun Awal, Dieter Breitschwerdt, Giinter Sigl, Todor Stanev, Andy Strong; Bern, Switzerland, 2014-2016.
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