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Photonen aus leptonischen und hadronischen 
Wechselwirkungen
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Zusammenfassung: leptonische Erzeugungsprozesse

3

Bremsstrahlung              Inverse Comptonstreuung              Synchrotronstrahlung



Z-Faktor, spektrumgewichtete Momente
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Z-Faktor, spektrum-gewichtete Momente

T.K. Gaisser, “Cosmic Rays & Particle Physics”
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Hadronische Erzeugung von Gamma-Strahlen
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Erzeugung von Elektronen und Positronen
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Differential cross section for the production of y-rays, positrons, and
electrons from secondary neutral and charged pions produced in p-p
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Photonspektrum

8



 Leptonisch vs. hadronisch RX J1713.73946

9

X-ray data correspond to the entire remnant; they are reconstructed
assuming the best-fit model given by equation (9), corrected for the
interstellar absorption withNH ¼ 0:70 ; 1022 cm"2. The points in
the TeV gamma-ray range corresponding to the fluxes of thewhole
remnant are from the latest report of the H.E.S.S. collaboration
(Aharonian et al. 2007). The EGRET upper limit is taken from
Aharonian et al. (2006); it is obtained throughmodeling and sub-
tracting the resolved EGRET source 3EG 1714"3857 (Hartman
et al. 1999). The two data points in the radio band are shown as
measured with the ATCA telescope (Lazendic et al. 2004). How-
ever, it should be noted that these fluxes are detected only from
the NWrim region; therefore, they should be treated as lower lim-
its when compared to model predictions for the whole remnant.
The recent estimates based on observations with ATCA and the
30m radio telescope IRA show that the flux of the entire remnant
should be a factor of a few larger than the flux of the NW rim
(F. Acero et al. 2008, in preparation; G. Dubner 2008, private
communications).

In Figure 13 we show theoretical fluxes of broadband electro-
magnetic radiation produced by both accelerated electrons and
protons. The results depend strongly on the strength of the aver-
age magnetic field B. Although the magnetic field in compact fil-
aments can be as large as#1mG (Uchiyama et al. 2007), the field
in less bright and more diffuse regions, where the bulk of the
synchrotron X-ray emission is produced, should be significantly
weaker. Yet, a moderately large field exceeding 100 !G is required
to explain the X-ray flux ratio between the diffuse and compact

zones. The integrated X-ray flux from the diffuse zone (zone 1) is
larger by a factor of #4 than that from the compact zone (zone 2):
F1 # 4F2 (Uchiyama et al. 2003). Using the ratio of the emission
volumes estimated from the X-ray image (V1 # 1000V2), the
number density of X-ray emitting electrons, n / F/(VB2), in the
zone 2 relative to the zone 1 is estimated as n2 # 250(B1/B2)

2n1.
For Bk 1 mG, and assuming n2 $ n1, one finds B1 $ 100 !G.

In Figure 13 the synchrotron, inverse Compton ( IC), and
"0-decay fluxes are calculated assuming a strong uniform mag-
netic field of strengthB ¼ 200 !G. The calculations are performed
with constant injection of electrons and protons over the last
1000 yr. The injection spectrum for both electrons and protons is
assumed to be a power lawwith an index s ¼ 2:0. For calculations
of IC fluxes, we used the diffuse photon fields proposed by Porter
et al. (2006), including 2.7KCMB, aswell as interstellar radiation
consisting of two components, optical (starlight) and infrared (dust)
emission.

The best fits for the synchrotron radiation and "0-decay gamma
rays are achieved for cutoffs in the energy distributions of elec-
trons and protons at 28.4 and 130TeV, respectively. The spectra of
"0-decay gamma rays are calculated using the analytical presen-
tations by Kelner et al. (2006). Since the highest energy tail of the
observed gamma-ray spectrum is best fitted with exp ½"("/"0)

#$ &
with #$ ' 0:5 (Aharonian et al. 2007), the proton spectrum in the
cutoff region should have an exponential behavior, #p ' 2#$ ¼ 1
(see Kelner et al. 2006).

TABLE 5

Fitting to the Suzaku ( XIS+HXD) Spectrum

Assumed Function

NH

(1022 cm"2)

Constant

Factor Parameter(s)

F1Y10 keV
a

(10"10 erg s"1 cm"2) %2
& (&)

Electron distribution of eq. (2)b ........ 0:71 ( 0:01 1:03 ( 0:06 s ¼ 3:0 (fixed), # ¼ 3:4þ0:7
"0:5;! ¼ 402 ( 6 TeV !G1/2 7:2 ( 0:1 1.11 (778)

0:68 ( 0:01 1:03þ0:06
"0:05 s ¼ 2:0 (fixed), # ¼ 1:5 ( 0:2;! ¼ 207þ21

"20 TeV !G1/2 7:1 ( 0:1 1.07 (778)

Z&A (2007)c ..................................... 0:70 ( 0:01 1:08 ( 0:04 "0 ¼ 0:67 ( 0:02 keV 7:2 ( 0:1 1.11 (779)

Note.—Errors represent 90% confidence.
a Corrected for absorption.
b Details of the calculation of synchrotron spectrum is described in the text.
c A model by Zirakashvili & Aharonian (2007), the synchrotron spectrum of which is shown as eq. (9) in this paper.

Fig. 12.—Comparison of electron spectra in the high-energy cutoff region.
Curve 1 is the electron spectrum obtained by fitting the Suzaku spectrum with a
synchrotron spectrum assuming the electron distribution given by eq. (2) when s
is fixed to 3.0. Curve 2 is themodel by Zirakashvili &Aharonian (2007). Both the
spectra are drawn by assuming the best-fit parameters of the Suzaku spectrum,
which are shown in Table 5. Curve 3 is the exponential cutoff spectrum often as-
sumed in the literature. The cutoff energy is set to the same value as that of curve 1.

Fig. 13.—Multiwavelength spectral energy distribution (SED) of RX J1713.7"
3946 with a hadronic model. The magnetic field is 200 !G. The injection index of
electrons and protons is 2.0, and constant injection during 1000 yr is assumed. For
the IC flux, the contribution of each photon field is shown. The dashed, dash-dotted,
and dotted lines show the ICflux of CMB, infrared, and optical photons, respectively.
By taking 1 kpc as the distance of the SNR, the total energy of electrons is We ¼
3:1 ; 1046 erg. The total proton energy isWp ¼ 2:7 ; 1050(n/1 cm"3)"1 erg,where
n is the ambient matter density.

STUDY OF RX J1713.7"3946 WITH SUZAKU 997No. 2, 2008

of the remnant. In the following discussion, the two images are
compared with each other on a more quantitative basis.

It should be taken into account that the X-ray morphology can
be affected by the spatial distribution of absorption column den-
sity, NH. In order to avoid this effect, here we disregard the en-
ergy band below 1 keV, and use two energy intervals, 2Y5 keV
and 5Y10 keV, for comparison. For the NH variation as shown in
Table 3, the count rate can vary by 5% and 0.7% in the 2Y5 keV
and 5Y10 keV bands, respectively. One should also take into ac-
count the difference of point-spread functions between the Suzaku
XIS and H.E.S.S. when comparing the two images. To prevent
this, we compare surface brightness for each square region with a
size of 10:80 ; 10:80, which is larger than the point-spread func-
tions of either observatory. The regions are indicated with green
dashed lines in Figure 17.

Figure 18 shows a scatter plot between the Suzaku XIS count
rate (FkeV) and that of H.E.S.S. (FTeV). As seen in this plot, the
X-ray count maps correlate strongly with the gamma-ray count
map. The correlation coefficients are calculated to be 0.85 and
0.83 for the 2Y5 keVand 5Y10 keV bands, respectively. It is worth
noting that there are some deviations (X-ray intensity excesses) in

the bright regions. Figure 19 shows amap of FkeV ! FTeV (for the
2Y5 keV band) overlaid with the H.E.S.S. contours, in which one
can see that the X-ray excesses are present along the NW and
SW rims.

4. DISCUSSION

4.1. Cutoff in the Synchrotron Spectrum

We conducted a series of Suzaku observations which cover
about two-thirds of the surface of SNR RX J1713.7!3946.
Through the data analysis, we successfully detected signals up
to "40 keV from each of the pointings. The HXD spectra above
10 keVare significantly steeper than those obtained from the XIS
below 10 keV, suggesting that a spectral cutoff is common through-
out the remnant. By combining the XIS and HXD spectra, we ob-
tained a wide-band spectrum with high statistics, which clearly
shows a cutoff around 10 keV.

Taking advantage of the high photon statistics, we performed
a detailed study of the cutoff shape and compared it with a recent
theoretical prediction byZirakashvili &Aharonian (2007). A sharp
cutoff of the accelerated electron spectrum is needed to reproduce
the cutoff shape in the synchrotron spectrum detectedwith Suzaku.
The spectrum of electrons derived from Suzaku data is in good
agreement with the analytical model of Zirakashvili & Aharonian
(2007).

The cutoff energy in the spectrumof synchrotron radiation con-
tains important information about the efficiency of diffusive shock
acceleration. For acceleration in the Bohm diffusion regime and
when energy losses of electrons are dominated by synchrotron
cooling, the cutoff energy, "0 in equation (9) is expressed as
(Zirakashvili & Aharonian 2007)

"0 ¼ 0:55
vs

3000 km s!1

! "2

!!1 keV; ð11Þ

where vs is the shock speed and ! (&1) is the so-called ‘‘gyro-
factor.’’ The case of ! ¼ 1 corresponds to the ‘‘Bohm limit,’’ and
implies high level of turbulence, "B " B. The Suzaku spectrum
is characterized by the best-fit parameter "0 ¼ 0:67 keV, which
gives vs ¼ 3300! 1/2 km s!1. Here, we assume that the shock
speed vs is uniform throughout the remnant, which is supported by

Fig. 16.—Same as Fig. 14, but another electron population is added. The thin
solid lines are radiation from each electron population, and the thick solid line is
the sum of the contributions from the two electron populations. The total energy
of the second electron population is We ¼ 3:4 ; 1047 erg.

Fig. 17.—Regions for comparison of the X-ray and the TeV gamma-ray morphologies overlaid on the XIS image (2Y5 keV; upper panel ) and the H.E.S.S. image
(Aharonian et al. 2007; lower panel ). The size of each square region is 10.80 ; 10.80. The results of the comparison are shown in Figs. 18 and 19.

STUDY OF RX J1713.7!3946 WITH SUZAKU 999No. 2, 2008
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Leptonisch vs. hadronisch – Cassiopeia A

10MAGIC Coll., MNRAS 472 (2017) 2956

The black solid line represents the total emission from zones 1 (solid) and 
2 (dashed) with various components considered in this work: synchrotron 
(red), inverse Compton (green), bremsstrahlung (cyan), and p–p collision 
(blue).
We treat the outer "thin rim" (the forward shocks) and the diffuse region 
immediately behind the forward shock as zone 1. Zone 2 then includes 
the rest of the emission regions (mainly the bright radio ring, knots, and 
interior, in particular regions containing inward-moving shocks).

Zhang&Liu, ApJ 874 (2019) 98
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Messmethoden für den  
Nachweis von Gammastrahlung
- Ausbreitung/Absorption von Gamma-Strahlen 

- direkte Messung mit Satellitenexperimenten 

- indirekte Messung mit Cherenkov-Teleskopen 

- indirekte Messung mit Luftschauerdetektoren



Ausbreitung von Gamma-Strahlen:  
Hintergrundstrahlungsfelder
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2 A. De Angelis, M. Mallamaci: Gamma-Ray Astrophysics

Fig. 1. Energy spectrum of photons measured at di↵erent energies, from radio waves to gamma rays [1].

events called gamma-ray bursts (GRBs) populate the gamma-ray sky. Finally, the gamma-ray emission is seen not
only from localized sources, but also from di↵use regions in our Galaxy and beyond. The underlying mechanisms of
both these localized and di↵use emissions are subject of study (see Sect. 6).

However, doing astronomy has nowadays a broader and exciting meaning. The Universe is in fact observed not
only through the di↵erent windows of the electromagnetic spectrum, but also through other cosmic messengers, i.e.
through charged cosmic rays (CRs), neutrinos and gravitational waves (GWs). In general, gamma rays are the perfect
companions for multi-messenger astronomy, as we will highlight in the following.

First of all, gamma-ray production is intimately related to the production of CRs. The latter are charged particles,
mainly protons, whose energy spectrum covers a very wide range in energy and flux. Many questions regarding CRs
are still open, especially looking at the most energetic ones above 1015 eV (1 PeV). The CR spectrum is approximately
described by a power law: dN/dE ⇠ E�� , with � , the spectral index. � is not constant, indicating a change in the
properties of CRs, like their acceleration sites and chemical composition. For energies around ⇠ 4⇥ 1015 eV, the flux
starts to decrease more steeply: � changes from about 2.7 to about 3. This feature, marked with the term knee, is
thought to indicate the maximum acceleration energy of Galactic sources [2]. The flux exhibits another change in
slope around 1017 eV, where the spectral index becomes about 3.3. This feature is called second knee [3]. For energies
⇠ 4.8⇥ 1018 eV the spectrum flattens and � returns to about 2.6. The corresponding feature is called ankle. Around
⇠ 4.2 ⇥ 1019 eV a strong suppression of the flux has been observed [4, 5] and it has reached in the recent years a
statistical significance of more than 20�. This suppression can be ascribed to energy losses during propagation (the
so-called GZK e↵ect) or to an intrinsic limit of sources, that are not able to accelerate particles beyond a certain
energy. The study of CRs above 1 PeV is extremely challenging for di↵erent reasons: on one hand, their flux decreases
with increasing energies and the observations can be performed only indirectly with ground-based instruments; on
the other hand, CRs su↵er magnetic deflection along their path through the galactic and/or inter-galactic medium.
Gamma rays instead point to their sources and the Universe is essentially transparent to them up to about 100 GeV
(see Sect. 3.1). Gamma rays can be therefore used as probes for revealing the sites of CR acceleration, as it will be
discussed in Sect. 7.1.

According to the bottom-up scenario (i.e. CRs accelerated by astrophysical sources, see Sect. 3), gamma rays can
be produced by the radiation from charged particles in a magnetic field. In addition, both gamma rays and neutrinos
can be produced from the interaction of CRs with nuclear targets, such as molecular clouds. Neutrinos cannot be
absorbed nor radiated during their path from the source to the observer, even if they are very di�cult to detect.
Identifying neutrino sources and their association with gamma ray counterparts therefore provides unique insights
into the long-standing problem of the CR origin. Some interesting results have been obtained and are briefly described
in Sect. 7.2.

In the light of the recent discoveries [6], outlined in Sect. 7.3, joint GWs and electromagnetic observations have a
key role to obtain a more complete knowledge of the sources and their environments, since they provide complementary
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Absorption von Gamma-Strahlung:  
Ausbreitungsentfernungen
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Absorption von Gamma-Strahlung: Atmosphäre
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Historische Entwicklung
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Vierter Fermi-LAT-Katalog (2020)  
5064 Quellen

Fermi-LAT Fourth Catalog 25

Figure 14. Full sky map (top) and blow-up of the Galactic plane split into three longitude bands (bottom) showing sources
by source class (see § 6, no distinction is made between associations and identifications). All AGN classes are plotted with the
same blue symbol for simplicity. Other associations to a well-defined class are plotted in red. Unassociated sources and sources
associated to counterparts of unknown nature are plotted in black.
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FIG. 5.— Illustration of tracker design principles. The first two points dominate the measurement of the photon direction, especially at low energy. (Note that
in this projection only the x hits can be displayed.) (a) Ideal conversion in W: Si detectors are located as close as possible to the W foils, to minimize the lever
arm for multiple scattering. Therefore, scattering in the 2nd W layer has very little impact on the measurement. (b) Fine detector segmentation can separately
detect the two particles in many cases, enhancing both the PSF and the background rejection. (c) Converter foils cover only the active area of the Si, to minimize
conversions for which a close-by measurement is not possible. (d) A missed hit in the 1st or 2nd layer can degrade the PSF by up to a factor of two, so it is
important to have such inefficiencies well localized and identifiable, rather than spread across the active area. (e) A conversion in the structural material or Si can
give long lever arms for multiple scattering, so such material is minimized. Good 2-hit resolution can help identify such conversions.

FIG. 6.— LAT calorimeter module. The 96 CsI(Tl) scintillator crystal detector elements are arranged in 8 layers, with the orientation of the crystals in adjacent
layers rotated by 90◦ . The total calorimeter depth (at normal incidence) is 8.6 radiation lengths.
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2 Air showers, secondary atmospheric Cherenkov emission, imaging
atmospheric Cherenkov telescopes

High-energy cosmic gamma rays produce e± pairs in the atmosphere over
9
7 X0 (with the radiation length X0 ≈ 36.5 g/cm2 in air). This is followed by
Bremsstrahlung over the next radiation length which implies new γ -rays that
generate new pairs, etc., until the energy of the final generation of electrons
becomes so small that their fate is dominated by ionization losses which
rapidly cool and thermalize them. The result of these processes is called an
electromagnetic Air Shower that exists for about 10−4 s while traversing the
atmosphere. The multiplication of the number of particles and their eventual
removal by thermalization leads to a maximum number of shower particles at
about 250 to 450 g/cm2 for primary γ -rays of 20 GeV to 20 TeV, corresponding
to an atmospheric height of about 7 to 12 km above the ground.

The most realistic and complete description of the physical processes and
the corresponding results in the detector(s) is given by Monte Carlo (MC)
simulations. Except when explicitly noted we use the simulations performed by
one of us [2] which use the CORSIKA code [3]. It incorporates all the physics
of the atmospheric interactions and emission processes and gives the possibility
to statistically track their evolution in the atmosphere, down into the detector.

Not only γ -rays penetrate into the atmosphere, but also charged energetic
nuclei (Cosmic Rays). They must be distinguished from the γ -rays. Energetic
protons and nuclei undergo hadronic interactions and produce dominantly
neutral (π0) or charged (π±) pions. Whereas the former decay into two
gammas, the latter ultimately produce electrons, positrons and two neutrinos
via the π → µ → e decay. This leads to background air showers which are of a
mixed hadronic and electromagnetic nature. As a result of the large transverse
momentum transfer in hadronic interactions the hadronic shower component
is broad and irregular compared to the electromagnetic component (see Fig. 2).

Fig. 2 The different
character of gamma showers
and hadronic showers. The
gamma shower is slender and
to lowest approximation
axially symmetric about the
direction of the primary.
The hadronic shower is
irregular and may contain
electromagnetic subshowers
as a result of the large
transverse momenta
generated in hadronic
interactions (from
K. Bernlöhr)

Gamma shower Hadronic shower
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In general the flux of Cosmic Ray (CR) particles is much larger—by a factor
of about 103—than that of γ -rays. This implies a large background for γ -
ray astronomy from the ground. It must be separated from the γ -ray signal,
because no anti-coincidence shield can be applied as in space detectors.

At primary γ -ray energies of about 100 GeV very few energetic photons or
electrons reach the ground. But the shower electrons from the original γ -ray
are still observable with optical telescopes through their Cherenkov radiation
in the optical range, because this atmospheric Cherenkov emission reaches the
ground without major absorption. Figure 4 below gives an impression of the
overall configuration. The disadvantages of this very promising measurement
technique are the weakness of the Cherenkov light and, to some extent, its
optical character. They require large light collection devices and limit the
observation time to clear and moonless nights. The observation efficiency
is typically about 10%, depending critically on the astronomical quality of
the site.

2.1 Cherenkov light pool

The atmospheric Cherenkov light emission from a single particle is char-
acterized by a forward cone with an opening angle Θ ≈ 1◦ that increases
downwards. For a particle moving vertically downwards, the largest ring on
the ground near sea level is from a height of 12 to 15 km (see Fig. 3).

The ensemble of shower electrons from an energetic primary γ -ray pro-
duces a rather uniformly illuminated “light pool” on the ground, centered on
the shower core, with a radius of about 125 m, if the multiple scattering of the

α

particle

Cherenkov
light

charged

250 m

"light pool"

Fig. 3 Left: Atmospheric Cherenkov emission from a downward-moving single particle.
Right: The “light pool” at an observation level at 1800 m above sea level from a γ -ray shower
with a primary energy of 1 TeV (from K. Bernlöhr)
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γ -ray-shower. Time is counted with respect to the time of arrival of the primary γ -ray on the
ground assuming no interactions. Right: Lateral distribution per unit area of the optical Cherenkov
emission from a shower with primary energy of 100 GeV, for various atmospheric profiles (from
K. Bernlöhr)

After successful initial experiments concerning CR air showers—what we
call today the CR background—in the 50ies in the UK [4] and in the USSR
[5], the first dedicated γ -ray observations were attempted in the Crimea by the
Lebedev group from Moscow, following the suggestion by [6]. At the time the
results were basically negative [7]. Nevertheless they resulted in an upper limit
to the VHE γ -ray flux from the Crab Nebula.1,2

In the USA the growing interest in VHE γ -ray astronomy led to the
construction (in 1968) of a 10 m optical reflector with tessellated mirrors at
the Whipple Observatory in southern Arizona (see Fig. 6).3 The imaging of
the shower’s Cherenkov light is schematically shown in Fig. 6.

Despite intriguing indications the results remained controversial for about
20 years. With a multi-pixel photomultiplier camera in the focus since the mid-
80ies and the introduction of image analysis finally the Crab Nebula could be

1A very interesting account of the early efforts in the USSR is given by A.S. Lidvansky in the
talk “Air Cherenkov Methods in Cosmic Rays: A Review and Some History” presented at the
centenary conference “P.A. Cherenkov and Modern Physics” (Moscow, 2004) [8].
2A condensed history of the field until 1994, very worthwhile reading, is to be found in [9].
3Of the scientists originally involved (G.G. Fazio, J.E. Grindlay, G.H. Rieke, T.C. Weekes,
and others) several have later also become leaders in fields like Infrared Astronomy and X-ray
Astronomy.
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shower electrons is included (see Fig. 3). To first approximation it corresponds
to the effective area of a telescope that images the shower.

A schematic picture of a shower from a cosmic γ -ray source, illuminating
an array of telescopes on the ground, is given in Fig. 4. Since the atmospheric
index of refraction is very close to 1, the Cherenkov light almost keeps pace
with the radiating charged particles. Near the edge of the “light pool” most
light from a γ -ray shower arrives within 2 ns (see Fig. 5). Thus a very short
temporal window is possible, in order to suppress the dominant night sky
background. This suggests the use of fast photomultiplier cameras for the
telescopes.

2.2 Atmospheric Cherenkov telescopes

The lateral distribution of the Cherenkov photon density depends somewhat
on the atmospheric profiles in its amplitude. However, the dependence on
the distance from the shower core—the extrapolation of the direction of
the primary γ -ray–is essentially independent of the atmospheric conditions.
An example is shown in Fig. 5. At a γ -ray energy of 100 GeV about 1000
Cherenkov photons are produced in a 100 m2 telescope. With a conversion
efficiency of 10% this results in ∼ 100 photoelectrons in the image. Given that
the total number of Cherenkov photons is about proportional to the primary
γ -ray energy, this determines the threshold energy of the telescope.

Fig. 4 Schematic of the
Cherenkov light pool,
originating from a primary
γ -ray from within a
cosmic-ray source (e.g. a
supernova remnant) that
illuminates an array of
telescopes (from K. Bernlöhr)
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Fig. 9 Projection of several images from within the light pool of an event into one camera plane
in a stereo system with four telescopes (from K. Bernlöhr)

particle number. The most advanced data analysis methods use 3-dimensional
modeling of the shower, no longer confining themselves to the use of the
2-dimensional image parameters alone.

The second major step forwards in the stereoscopic observation mode is
the suppression of the above-mentioned local muons with a stereo trigger:
they leave an image only in the telescope concerned, but not in the other
telescopes (unless the telescope light-gathering power is so enormous that even
a single charged particle can trigger an event from an inter-telescope distance,
a case which we will not discuss here). Therefore such events can be almost
completely eliminated (see Fig. 10). This is most important near the energy
threshold, where the shower images get weak and poorly defined. In other
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Fig. 10 Local muons hitting telescopes in the center and close to the periphery (left, courtesy
G. Hermann and W. Hofmann). In peripheral encounters the resulting image is difficult if not
impossible to distinguish from a low-energy γ -ray shower (right, based on H.E.S.S. data [15]). No
such effect occurs in the other telescopes of a multiple system. The exclusion of muon events in
stereoscopic systems reduces the muon background drastically
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Fig. 7 Difference between the images of gamma-induced and hadron-induced showers in the
camera (from K. Bernlöhr)

2.3 Stereoscopic method

The use of several telescopes observing the same shower in coincidence allows
a unique determination of the shower direction by projecting the images in all
triggered telescope cameras into one camera (see Fig. 9). Then the intersection
point of the image major axes yields the shower direction. Compared to a
single telescope the angular resolution, the energy resolution, the background
rejection and the sensitivity are improved. In addition this method allows the
3-dimensional reconstruction of the shower, including the height of maximum

Fig. 8 The start of
stereoscopy: HEGRA on La
Palma (1995–2002) [14]. The
five 3.5 m telescopes were
situated in the center and at
the 4 corners of a square of
100 m sidelength. The FoV
was ≈ 5◦ ca.
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Hillas-Parameter
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