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1 Equivalent center-of-mass energy

Find the center-of-mass energy of a cosmic proton with energy E1 = 1017 eV impinging on a proton at rest.
272 7 Secondary Cosmic Rays

Fig. 7.34 All-particle spectrum of primary cosmic rays. The scatter at very high energies also
shows the problems of an accurate energy assignment [131, 132]

This effect is of particular importance, if γ -ray bursters are also able to accelerate
the highest-energy particles and if one wants to correlate the arrival times of photons
from γ -ray bursts with those of extensive air showers initiated by charged primaries.

Out of the up to now 27measured highest-energy showers (>57EeV) in theAuger
experiment one might see a tentative evidence of a clustering along the supergalactic
plane (see Fig. 7.36). The supergalactic plane is a sheet-like structure containing the
Local Supercluster, the Virgo Cluster, the Great Attractor, the Coma Supercluster,
the Perseus–Pisces Supercluster, and the Shapley Concentration. The fact that the
attenuation length for protons with energies >6 × 1019 eV in intergalactic space is
≈50Mpc, could make an origin in the supercluster (maximum extension 30Mpc)
plausible. Two air-shower events arrive within the experimental angular resolution of
Auger from the potential sourceCentaurusA.Acorrelationwith active galactic nuclei
observed in γ rays is not visible. Urgently better statistics are required. Astronomy
with a handful of events is not really possible. The latest news from Auger do not
improve the statistical evidence for showers coming from Centaurus A.

However, recently the Auger experiment has observed a significant (5.2 σ ) large-
scale dipole anisotropy for showers of energy above 8 × 1018 eV. Figure 7.37 shows
the fluxes of high-energy particles in galactic coordinates. The galactic center is at
the origin. The cross indicates the measured dipole direction; the contours denote

2 Maximum proton energy at LHC

Calculate the maximum energy attainable by protons in a tunnel with a circumference of 27 km and a magnetic
field of 8.36 T.

3 Differential energy flux of protons

Relativistic cosmic protons are accelerated by a shock front. Deduce the form of the differential energy flux of the
protons, assuming that the probability that the proton escapes the acceleration process is 20% and the fractional
increase in energy per crossing is 20%.

4 Integral flux

Show that the number of cosmic rays N(E>E0)
dAdt dΩ above a certain energy (E0) is also a power law.
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5 Cosmic-ray rate per unit area

How many cosmic particles of energy between E0 = 100 GeV and E1 = 101 GeV do we expect per square meter
and per second?
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