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Gamma-rays: A new window to the universe
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Figure: lllustration of the spectrum of light (NASA/CXC/SAO/MPE)

Convenient definition

The gamma energy regime starts at 511 keV/ - Rest mass of a et or e
There are also other definitions.




Gamma-ray sources
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FERMI view of the high energy sky

Figure: Fermi-LAT 5 years of observation. Source: Fermi web presence



http://fermi.gsfc.nasa.gov/ssc/observations/types/allsky/

H.E.S.S. - High Energetic Spectroscopic System

Imaging atmospheric cherenkov telescope (IACT) located in Namibia.
Imaging the shower-development of 7-rays

Figure: Visualisation of a proton shower. Source: Cosmus
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http://astro.uchicago.edu/cosmus/projects/aires/

H.E.S.S. - High Energetic Spectroscopic System

Imaging atmospheric cherenkov telescope (IACT) located in Namibia.
Imaging the shower-development of y-rays

Figure: H.E.S.S. telescope and camera picture

6/12



H.E.S.S. galactic plane survey

Figure: Inner part of the H.E.S.S. galactic plane survey (Carrigan et al. [2013])


https://www.mpi-hd.mpg.de/hfm/HESS/

H.E.S.S. galactic plane survey

Figure: Inner part of the H.E.S.S. galactic plane survey (Carrigan et al. [2013])

H.E.S.S. galactic plane survey

The H.E.S.S. galactic plane survey (Carrigan et al. [2013]) shows, that we
have to deal with the diffuse background on the milky-way.



https://www.mpi-hd.mpg.de/hfm/HESS/

PICARD

PICARD Code (Kissmann [2014])

@ Solver for the cosmic-ray transport equation
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PICARD

PICARD Code (Kissmann [2014])

@ Solver for the cosmic-ray transport equation

@ MPI-parallelised, cluster-ready
o Compatible input files (GALDEF) with Galprop v54

Cosmic ray transport equation

SN(ELD) 7 [uN(E, 1, t) — kg VN(E, r, )] + £=(EN(E, r, ) = Q(E, r, t)
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PICARD - Key concepts

Cosmic ray transport equation

5N(Ert) +V [uN(E,r, t) — kgVN(E, r, t)]+%(EN(E, r,t)) = Q(E,r,t)

Features of PICARD

o SN(Ert
@ Steady state solution (i.e. % 0)
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@ Propagation datacube and gamma-ray maps at &




PICARD - Preliminary results

Propagation data

Figure: NE2001-Model (Cordes and Figure: Spiral arm galaxy model
Lazio [2002]) (Kissmann et al. [2015])




PICARD - Preliminary results
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Figure: Gamma map at &, produced by PICARD
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Summary

PICARD - solver for the cosmic ray transport equation
Compatible to the input format of Galprop v54 (GALDEF)

High resolution 3D simulation of the galaxy, including structures
Real steady-state solution

Propagation datacubes and gamma-ray maps

Goal of my thesis

Simulation of cosmic ray propagation and creation of realistic maps of the
diffuse gamma-ray background emission for advanced analysis in H.E.S.S.
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Propagation datacubes / Higher resolution

Figure: NE2001-Model (Cordes and Lazio [2002])



Propagation datacubes / Higher resolution

Figure: Spiral arm galaxy model (Kissmann. et al. [2015])



