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Aufbau der Materie
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Wechselwirkungen im
Standardmodell
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Inverse Compton Cross section &
Photon Photon Pair Production
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Fig. 3.4 Total cross-sections of the inverse Compton scattering and photon-photon pair pro-
duction in isotropic radiation fields. Two spectral distributions for the ambient photon gas are
assumed: (1) monoenergetic with energy wo (curves 1 and 3) and Planckian with the same mean
photon energy wo ~ 3kT /mec?.



Pair Production Cross Section
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Fig. 3.5 Differential spectra of «-rays from the inverse Compton scattering (upper panel) and
electrons from photon-photon pair production (bottom panel) in the isotropic and mono-energetic
photon field. The parameters €4 max; €e,min and £e max are defined as symax = 450(#.:0/1 -+ 4f=.:g)

and Eemin, emax = 0.520(1 FF 4/1 — 1/k0). The same values of the parameters Ko = gewp and
89 = e~4wp are indicated at the curves.
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3°K Strahlung von Wilkinson
Microwave Sateliten

Temperaturschwankungen sind extrem klein —ungefahr 10°-6



Schockfront

Beschleunigung an Stofswellen
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Abbildung 4. Stochastische Beschleunigung an Stolwellen
(engl.: shock acceleration) im mitbewegten Bezugssystem. Plas-
mawellen dienen als Strenzentren.
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Fermi Beschleunigung

Moderne Fassung der Fermi-Beschleunigung: Beschleu-
nigung an Stollwellen, z.B. im Sonnenwind, in Erdma-
gnetosphare, in Sternwinden, in Supernova-Uberresten:

Grenze ISM/Ejecta
(contact dicontinuity)

StoRwellen

forward shock

reverse shock




Schockwellen

Stolswellen:
Ausbildung bei Kompression mit Uberschallgeschwin-
digkeit. Im math. Idealfall: Diskontinuitat der Dichte.

Kontinuitatsgleichung:
P1UL — pP2U2
Adiabatische Kompression:
P2 _ W v+ 1

T = = —
P1 U2 v —1+2/M?

Mit v = C,/Cy = 5/3 fiir einatomiges Gas und mit

!

Mach-Zahl M =wu;/cs > 1 fiir starke Stolswelle: r=4.



Energiespektrum

Es ergibt sich ein Energiespektrum
dN _ (ENT
[fE E[}

3 r-+2
]_ ===
"r—1+ —1

mit

"=

Fiir r =4 (starke Stokwelle) ergibt sich I =

=> Bei der Fermi-Beschleunigung 1. Ordnung an Stols-
wellen ergibt sich auf natiirliche Weise das fiir die
Quellen der Cosmic Rays geforderte Spektrum.



Streuung an Alfven Wellen

Maognetic Field
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Abbildung 2. Streuung an Plasma-Wellen (z.B. Alfvén-Welle).



Fermi Beschleunigung
(quadratisch in u)

(auch als Fermi I bezeichnet)

Abbildung 1. Fermi-I-Mechanismus (schematisch).

1. Stols/Streuung an entgegenkommender Wolke

2. Stolk/Streuunge an davonlaufender Wolke



Energie Gewinn

Energiegewinn bei Stofs 1 (mit v = ¢, Winkel ignoriert):

E' ~ E(+2u/c)

Energieverlust bei Stofs 2 (mit v~ ¢):

F' =~ FE(1—2u/c)
AFE_JE = —2u/c

Kein Nettogewinn beil einem solchen Zyklus.



Netto Eneraie Gewinn

Aber: Weniger Kollisionen mit davonlaufenden Wolken
als mit entgegenkommenden.
Fiir Cosmic Rays mit Geschwindigkeit v = ¢:

e Wahrscheinlichkeit fiir Fall 1: p, = (¢ + u)/2¢

e Wahrscheinlichkeit fiir Fall 2: p_ = (¢ — u)/2¢

beil mittlerem Wolkenabstand €.
Relative Energicinderung pro Zeiteinheit:
1 dE AFE AFE

B gt
c—+ 1w 2u c— 1 2u

2¢ e 20 e
- ZE)
- C

Zweite Ordnung in u/ec: Fermi-Beschl. 2. Ordnung.
Ineffizient bei1 v < 10 km /s und ¢ = 30 nc.




Kosmische Strahlungsspektrum
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Fig. 4.1 Summary of measurements of the broad-band spectrum of high energy cosmic rays (from
Gaisser, 2001).
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Kosmische Strahlung:Protonen
versus Elektronen
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Erklaerung Protonen versus
Elektronen

Fig. 4.2 Two-component approach to the observed CR electron flux (from Aharonian et al.,
1995). The thin solid line represents the Local (“L”) component of electrons that originates from
a single, £ = 10° yr old burst like source at 7 = 100 pc and ¢ = 10° yr. The dashed line represents
the Galactic (“G”) component assuming a homogeneous distribution of CR sources in the galactic
disk. The 3dot-dashed lne corresponds to secondary electrons and positron produced by protons
of galactic cosmic rays. The calculations are normalized to the observed flux at 10 GeV. This
implies approximately W, = 1.1-10*® erg energy released in the form of accelerated electrons (the
power-law index of the acceleration spectrum is assumed I' = 2.2). The required energy release
in electrons is about W, = 1.1+ 10*® erg. The spectrum of protons from the same local source
assuming Wy, = 3+ 10° erg is also shown (dot-dashed line). The range of measured CR proton
fluxes is indicated by the dashed region.



Synchrotron, Inverse Compton,
Bremssstrahlung and pi-decay
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Fig. 2.9 Multiwavelength spectral energy distribution of RX J1713.7-394 (from Enomoto et al.,
2002). The solid, dotted, dashed, and dot-dashed curves correspond to model calculation for
synchrotron, inverse Compton, bremsstrahlung, and 7%-decay radiation components. The upper
and low curves for the inverse Compton and bremsstrahlung components are calculated for two
representative magnetic fields, 3 and 20 G, respectively. The absolute fluxes of :rrn—deca,y Y-rays
are calculated assuming a spectral index of accelerated protons I', = 2.08, an exponential cutoff at
FEo = 10 TeV, and (Wp/10%9 erg)(no/300 cm~3)(d/6 kpc)~2 = 1, where W, is the overall energy
in protons, d is the distance to the source, and n is the ambient gas density.



Neutrinos

Table 13.1: The persuasiveness of the evidence for nentrino flavor change. The
symbol L denotes the distance travelled by the nentrinos. LSND is the Liquid
Scintillator Neutrino Detector experiment.

Neutrinos Evidence for Flavor Change
Atmospheric Compelling
Accelerator (L = 250 km) Very Strong
Solar Compelling
Reactor (L ~ 180 km) Compelling

From Stopped ™ Decay (LSND) Unconfirmed




Mixing Parameters
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Spektrum of Mass Eigenstates
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Figure 13.3: A three-neutrino squared-mass spectrum that accounts for the
observed flavor changes of solar, reactor, atmospheric, and long-baseline accelerator
neutrinos. The e fraction of each mass eigenstate is crosshatched, the v, fraction
is indicated by right-leaning hatching, and the v fraction by left-leaning hatching.



Mittlere freie Weglange von
Photonen in der Galaxie
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Fig. 1.4 Mean free paths of gamma-rays in the intergalactic medium at redshifts z < 1. Below
10'% eV ~-ravs interact with infrared and optical photons. above 1019 eV - with low frequency



