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Abschluss: Indirekte Messung kosmischer Strahlung

primary particle

Kalorimetrische Messung von Schauern mit Fluoreszenzlicht

* Prozess der Fluoreszenzemission in Luft leating baryon
* Korrektur fiir nicht nachgewiesene Energie

Beispiel: das Pierre Auger-Observatorium
* Aufbau und Schauernachweismethoden
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« Knochel (Ankle) im Fluss: Ubergang zu extragalaktischen Quellen?
* Tiefe des Schauermaximums und Interpretation
* Anisotropie
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Kalorimetrische Messung der Energie
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er unsichtbaren Energi
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Korrektur




Energiekorrekturfaktor fur Fluoreszenzmessungen

Protonschauer, E = 10!° eV
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The Pierre Auger Observatory
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Wasser-Cherenkovdetektor
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Beispiele sehr schrager Schauer
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Hybrid-Messung
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Resultate des Pierre-Auger-Observatoriums
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Mittlere Tiefe des Schauermaximums {Xmax)
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Mittlere Tiefe des Schauermaximums {Xmax)
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Depth of Shower Maxima
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Abhangigkeit von hadronischen
Wechselwirkungsmodellen
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Vorhersagen fur das Schauermaximum

Kaskadentheorie: Schauermaximum fur
elektromagnetischen Schauer exakt bekannt
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(Xmax, und Streuung
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Unsicherheiten durch starke Modellabhangigkeit sehr grof3
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Phanomenologische Beschreibung:
Energiespektrum und Elementzusammensetzung
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Dipolstruktur (Auger)
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Figure 1: Map in Equatorial coordinates of the CR flux above 8 EeV, averaged on top-hat windows of 45°
radius. The location of the Galactic plane is shown with a dashed line, and the Galactic center is indicated
with a star.
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Figure 2: Energy dependence of the dipolar amplitude measured above 4 EeV. Also shown are the predic-
tions from scenarios [12] with extragalactic sources.
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Einfluss des galaktischen Magnetfelds auf einen Dipol
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Figure 7. Change of the direction of the dipolar component of an extragalactic flux after traversing the Galactic magnetic field, modeled as in Jansson & Farrar (2012).
We consider a grid (black circles) corresponding to the directions of a purely dipolar flux outside the Galaxy. Points along the lines indicate the reconstructed
directions for different values of the particle rigidity: 32, 16, and 8 EV, and, at the tip of the arrow, 4 EV. The line color indicates the resulting fractional change of the
dipole amplitude. The observed direction of the dipole for energies E > 8 EeV is indicated by the gray plus sign, with the shaded area indicating the 68% CL region.
The labels I and O indicate the directions toward the inner and outer spiral arms, respectively.
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Dipolentwicklung mit Energie
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Figure 1. Reconstructed equatorial dipole amplitude (left) and phase (right). The upper limits at 99% CL are shown for all the energy bins in which the measured

amplitude has a chance probability greater than 1%. The gray bands indicate the amplitude and phase for the energy bin £ > 8 EeV. Results from other experiments
are shown for comparison (IceCube Collaboration 2012, 2016; KASCADE-Grande Collaboration 2019).

https://doi.org/10.3847/1538-4357/ab7236
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The Imprint of Large Scale Structure on the Ultra-High-
Energy Cosmic Ray Sky
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Figure 2. Surface density maps (left column), and arrival maps after propagation in the JF12 Galactic magnetic field model for the SH* (middle)
and d90 (right) attenuation models, in LSS shells covering distances (top to bottom): 0-40, 40-80, and 80-120 Mpc. The maps here are for
E > 8 EeV; plots including E > 32 EeV and a more complete set of distances and models are given in the Appendix Figs. E4— E7.

arXiv:2101.04564v2 [astro-ph.HE] 15 Jan 2021
37



AugerPrime
Advent of multihybrid data
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