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The Hillas Plot a striking coincidence, a mystery, or what?

The Hillas Plot: 1020 eV everywhere! Why?

Over almost
20 orders of
magnitude:

EH ≡
[
ZeBR

]
objects

∼ (10−100)Z EeV

ΨW ∼ 3×1045 erg
Mpc3 Yr

Why?
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bg= Many sources. . . . . . one physics!
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bg= The Universal view . . . looking from above
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bg= The Universal view Scale-free processes

Scale-free processes: Gravity grooves!

[
dn(M)

dM

]
PSt

=
ρcΩm

M2
√
π

√
M

M∗
for M < M∗

Press & Schechter, 1974
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The Universal view Energetics

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

Scale-free production of non-thermal energy

Gravitational potential energy density converted to magnetic energy density

Total nonthermal energy integrated over hirachical clustering

Ψnth >∼ H0

∫ M∗

0

dM

[
3c2

50

ξ

σ
M

] [
dn(M)

dM

]
PSt

∼ (2− 11)× 1045 erg
Mpc3Yr

Efficiency

and Scaling

ξ = ξnth fgas
Ωb

Ωm

<∼ 10−2

dΨnth

d ln r
∝ r 1/2
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B2
r

8π
= ξ

[
r
d

dr

3UG

4πr 3

]
r=σRS

=
9c4

400πG

ξ

σ2

1

r 2
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The Universal view Production of non-thermal energy
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Gravitational potential energy density converted to magnetic energy density
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bg= The Universal view Hillas plot explaind, and more!

The Hillas Plot: Explained and understood!

EH ∼
[
ZeBr r

]
cosmology

Ψnth >∼ ΨW

dΨnth

d ln r
∝ r 1/2
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bg= The Universal view Getting to cosmic rays

Particle acceleration

No losses

Ê <∼ βEH (D = 1
3rgc)

Adiabatic losses

Ê <∼
1
3βEH (D = 1

3rgc , β ∼ βex)

Other losses, e.g. interaction

τa ∼
3

β2

E

eBc
<∼ τloss
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bg= Clusters of galaxies Powerful but slooooowww. . .
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bg= Clusters of galaxies Powerful but slooooowww. . .

Contributions to the cosmic ray flux below the ankle:
clusters of galaxies !!
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bg= Clusters of galaxies An analytical approximation

Basic model and analytical approximation

Cosmological integral over source function

Ni (E) =

∫ ẑi (E)

0

dz
Ψi (E [1 + z])(1 + z)m

E(z)
= Ni,0 (E/E0)−a fµ(E/Êi )

with E(z) = Ωm(1 + z)3 + ΩΛ ≈ 1
3
(1 + z)3 + 2

3
, µ ≡ 1 + m − a

and ẑi (E) = (E/Êi )
−k − 1 , k = 1+b

4+2b
≈ 0.38 , m = −1, 0, 1

Analytical approximation for cutoff function

fµ(yi ) = 1

µ
√

2

[
y−kµ
i 2F1

(
1
2
, µ

3
; 1+µ

3
; − 1

2
y−3k
i

)
− 2F1

(
1
2
, µ

3
; 1+µ

3
; − 1

2

) ]
(yi ≡ E/Êi , µ < 0)

f0(yi ) =
√

2
3

[
coth-1

√
3
2
− coth-1

√
1 + 1

2
y−3k
i

]
Abundances

Ni,0/Np,0 = (Yp,i/Yp,p)Z a−1
i  NHe/Np ≈ 0.315× 2a−1 , Ni ' 0 else

Êi/Êp ≈ 1+b

√
Z 3
i /A

1−b
i  ÊHe/Êp ≈ 3.2
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bg= Clusters of galaxies Spectrum and composition of VHECR

Spectrum and composition of cluster VHECR
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bg= Clusters of galaxies Spectrum and composition of VHECR

Spectrum and composition of cluster VHECR
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bg= Clusters of galaxies Spectrum and composition of VHECR

Spectrum and composition of cluster VHECR
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bg= Clusters of galaxies Spectrum and composition of VHECR

Spectrum and composition of cluster VHECR
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bg= Clusters of galaxies Spectrum and composition of VHECR

Spectrum and composition of cluster VHECR
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The Dip-Model is dead!

Long live the Dip-Model!
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bg= Clusters of galaxies Spectrum and composition of VHECR

Coming up . . .

to be published in Nature, expected January 2016

to be submitted January 2016
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bg= The Universal view Message of the story

The Message of the Story

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

This includes ultra-high energies!
Ubiquitus, self-similar process: smooth power law spectrum in
spite of source mix (many sources—one physics)

Bayesian Prior: Energetic guideline for detailed modelling of
cosmic ray sources

. . . to replace the Kronecker δjk prior
Total energy budget limited: spectra must be close to E−2

Quite solid prediction for VHECR from clusters of galaxies

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

Possible explanation for PeV electron neutrinos due to
photodisintegration of helium (tbd)
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bg= The Universal view Message of the story

Thanks!

Bayesian Modeling of the Galactic Magnetic
Field using ground and space-based radio to sub-
millimetre and ultra-high energy cosmic ray data

Torsten Enßlin, Glennys Farrar, Diego Harari, Marijke Haverkorn, Jörg Hörandel, Tess Jaffe, Jans Jasche, Natalia
Nowak, Niels Oppermann, Katarzyna Otmianowska-Mazur, Christoph Pfrommer, Jörg Paul Rachen (coordinator),
Anvar Shukurov, Theo Steininger, Xiaohui Sun, Robert Tautz, Michael Unger, Arjen van Vliet; with contributions
by Nafiun Awal, Dieter Breitschwerdt, Günter Sigl, Todor Stanev, Andy Strong; Bern, Switzerland, 2014-2016.
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