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The observed cosmic
ray spectrum

" -9 <|og(E/GeV) < 6: Supernova
Remnants, ...

" 6 <log(E/GeV) < 9.3: Leaky Box;
Galactic sources; pulsars, X-ray
binaries, SNRs w/ winds ...

" log(E/GeV) > 9.3: extragalactic
- AGN, GRBs, Clusters, ...
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Figure: Becker (2008)



Source region, e. g.
surrounding dust clouds,

Source, e.g. Galaxies...
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Vorführender
Präsentationsnotizen
Nun gibt’s neben neutrinos noch 2 andere Protagonisten, die im Gesamtbild wichtig sind. Existenz von hochenergie-Photonen und Geladener KS läßt ja auch erst vermuten, daß es nus gibt.



Komplettes Bild gibt es allerdings nur mit allen 3 Teilchen … vor und nachteile
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IceCube
measurements
-» cosmic ray
induced muons
->» cosmic ray
distribution

> TeV energies
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COSMIC ray anisotropy

equatorial coordinates

relative intensity
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Large-scale anisotropy
Three possiblilities

= Compton-Getting effect: motion of the solar
system through the cosmic ray rest frame

» Anisotropic distributions of cosmic ray sources

* Anisotropic structure of magnetic fields

Mainz | Jul 13, 2012



RUHR-UNIVERSITAT BOCHUM
Theoretische Physik IV | Julia Tjus

Testing the Compton-Getting hypothesis

Tibet®
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Compton Getting - revised
= Compton Getting assumption:
»= Sun co-rotating in Galaxy & cosmic rays not

= Not realistic: cosmic rays produced by SNRs - also co-
rotating!

= Relevant velocity: local ISM velocity at scales of no
scattering -2

Mainz | Jul 13, 2012 . . .
| Biermann, Becker Tjus, et al, submitted
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The Concept Surface of last scattering

(dependent on energy)

Cosmic ray Cosmic ray

courtesy Kazuoki Munakata
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SNRS: available information from observations

Radio observations = non-
thermal electrons

Gamma-ray radiation -
hadrons/leptons

» n%-decays, IC, brems

Molecular ions: lines
= Cosmic ray ionization

= Difficulty: CR spectrum at low
energies not known
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Gamma-ray example:
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Emission @ GeV/TeV:

Hadronic interactions (n; p):
" pp> T DYV

Inverse Compton (B-field; e-):
= ey 2> ey

Bremsstrahlung (B-field; n; e-):
" ep2>epy



RUHR-UNIVERSITAT BOCHUM
Theoretische Physik IV | Julia Tjus

Hadronic VS Leptonic emissions
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Hadronic VS Leptonic emissions
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Hadronic VS Leptonic emissions
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Tycho: total required energy
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Radio - GeV correlation?

. NGC1068
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Theoretical origin if electrons and protons have the same origin

Mainz | Jul 13, 2012 Becker, Schuppan, Schéneberg, Vulcano 2011 & ms in prep
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High-energy signal
(hadronic) B

L, =VNsnp / E.®.(E.)dE,
Emin

1 E E ) dx
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density Cross flux Distribution X = —L
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Radio signature
(electron-synchrotron)

Emission Volume

(1-p)/2

SNR number/galaxy e-Spectrum normalization:

dN/dE = a_,* E*P
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Constraining the magnetic field using
gamma-ray data? ..

lower limit: a./a, = 0.01
upper limit: a./a, = 1
. B and n, for this galaxy

=  Available information: .
= Radio/Gamma-data

le+04 —

’]

5

= Parameters: =

= B

100 —
"N
" ala, . ; ] -
10 100
) B [1 uG]

= => B can be determined where Schoneberg, Becker Tjus, et al, in prep

density is known and assuming a
constant ratio a,/a,

Discussions ongoing with R} Dettmar, B Adebahr et al
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Cosmic rays and magnetic fields:
what we can learn from them...

Anisotropy @ TeV (hadronic) cosmic ray energies
* Needs to be investigated - magnetic field effect/source

distribution/local plasma

SNR-SED from radio up to TeV - information about

= Magnetic field strength
» Electron & Hadron Spectra

= Starburst Galaxies
» Radio-Gamma correlation might help to estimate magnetic

field
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