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Quantenphysik bestimmt das Universum 
Astroteilchenphysik ⬅ {Astrophysik, Elementarteilchenphysik, Astronomie, Kosmologie}







Meine Historie der Astroteilchenphysik
Explosion der Supernova SN1987a



Meine Historie der Astroteilchenphysik

Kernphysik
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Big 
Bang

BIG BANG

Time 10-43 s

1016 TeV

10-35 s

1013 TeV

10-10 s

1 TeV

10-5 s

150 MeV

4 00 000 years

1 eV

109 years

1 meV

14  x 109 years

0.2 5 meVEnergy

Unified Forces Inflationary
Expansion (?)

Forces 
separate

 Nucleons
form 

Atoms form Stars form Today

!16

γ ν p Fe GW!

LHC…
Dark Matter

neutrinos
cosmic radiations

e+e– precision tests

Theory ⇶ Nuclei  ➡  Stars  ➡  Elements  ➡ Materials …Antimatter???

♒♒♒♒♒♒♒♒♒♒♒♒♒

reaching back to the Early Universe



Multi-wavelength astronomy





Kosmische Strahlung



Victor Hess

Daten von 
Kohlhörster

Victor Hess 1912



Pierre Auger 1938

22 cm
bis 75 m

Abstand der Zähler

Signale/Stunde

Die Koinzidenzen 
verschwinden nicht!



John Linsley Volcano Ranch ..1960’s..





"Evidence for a Primary 
Cosmic-Ray Particle with 
Energy 1020 eV" in Physical 
Review Letters 10.4, 1963



Häufigkeit (Fluss) der 
Kosmischen Strahlung

10 Teilchen / km2 Min.

10 Teilchen / km2 Tag

10 Teilchen / km2 Jahrhundert

0.1 Teilchen / m2 Min.

LHC Strahlenergie



Tycho Brahe 
1572



Tycho Brahe 
1572

HEUTE

CAS A

Kann dies ein kosmischer Beschleuniger sein?



Basic conditions for electromagnetic acceleration

Proton 10 15 eV

Iron 10 20 eV

Proton 10 20 eV
en
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Hillas 
condition and 

diagram:  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Basic conditions for electromagnetic acceleration

log(R/cm)

lo
g(
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others
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Radio
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condition and 

diagram:  
Emax ~ ß Z B R
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Ultra-hohe Energie: 1020 eV

LHC-Beschleunigerring müsste den Umfang 
der Merkur-Umlaufbahn haben!

Large Hadron Collider (LHC), 
CERN, Genf; 27 km Umfang, 
supraleitende Magnete

Ultra High Energy Cosmic Rays - Accelerators

! need ILC (35 MV/m)

L= diameter of Saturn orbit

! alternatively built LHC around

Mercury orbit

! astrophysical shock

acceleration less efficient...

Irdische Technologie für 1020 eV ???



Radio galaxies

D ~ 30 Mpc
MBH ~ 5 x 108 Msolar



CEN A
CEN A



Luftschauer



Luftschauer
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Proton 1015 eV:
am Erdboden 106 Teilchen
 80% Photonen
 18% Elektr./Positr.
1.7% Myonen
0.3% Hadronen

elektromagnetische hadronische myonische
Schauerkomponente

π0 np π+
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γ
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hier haben wir Teilchendetektoren

Maximum
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SIMULATION im COMPUTER
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KASCADE (Grande)





https://kcdc.ikp.kit.edu
offener Zugang zu den Forschungsdaten

Kascade Cosmic Ray Data Center KCDC



Pierre Auger-Observatorium





1600 Wassertank-Detektoren auf 3000 km2

4 x 6 Teleskope
55 M$ Plan 

1999 
50 M$ Ist 2009

500 Teilnehmer 
aus 80 

Instituten in 16 
Ländern

350 Doktor-
arbeiten fertig, 
110 laufende

KIT stärkste 
Gruppe, 
Sprecher, 

Management, 
intl. ‘Bank’

Betriebskosten 
2 M$/a



special hybrid events (01.01.2004 - 18.07.2007)

Stereo
� 582
� 30 / month

Triple
� 58
� 5 / month

Event 200716104390 (11.6.2007)
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Engineering array of 12 stations – first data

2016-09-15: first station in field

13.11.2016 A  rst look at data from the SSD-EA 8

Example charge distributions

MIP charge dist.

13.11.2016 A  rst look at data from the SSD-EA 5

Example UUB time trace


Time o@set of ~ -40 ns (-5 time bins) between sPMT, SSD and WCD PMTs (PMT delays)

 Baseline calculation: robust median of trace before signal start (and rejecting outlier peaks)

13.11.2016 A  rst look at data from the SSD-EA 22

A  rst global LDF


We divide each UUB signal by the reconstructed shower size S(450) ~ primary E


All events are plot together! We use only HG signals here, so saturation close to the core is visible!

 Steeper LDF measured with SSD is visible!

Signal trace

Lateral distribution

18

SSD

WCD





Die wichtigsten Ergebnisse

1.Die Intensität variiert auf interessante Weise mit der Energie.

2.Es sind noch keine Objekte als Quelle der kosmischen Strahlung zu 
erkennen, aber bei bestimmten Energien gibt es bevorzugte Richtungen.

3.Die energiereichsten Teilchen im Universum sind eher schwere 
Atomkerne und nicht Wasserstoffkerne.



1. Die Intensität variiert auf interessante Weise mit der Energie.
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GZK-Effekt

Photo- 
disintegration

Protons

CMB

CMB

Nuclei

Energy spectrum (all-particle flux)

11

Combined Energy SpectrumCombined Energy Spectrum
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1018 1019 1020
E /eV

�1 = 3.293 ± 0.002 ± 0.05 �2
=

2.5
3 ± 0.0

2 ± 0.1

Eankle = (5.08 ± 0.06 ± 0.8) EeV

Es = (39 ± 2 ± 8) EeV

E1/2 = (23 ± 1 ± 4) EeV

[9 of 30]

Auger and TA Surface Detector 
Spectra

• Ankle at ~3 EeV, cutoff at ~40 to 60 EeV

• ~10% energy scale difference around ankle region

• Large discrepancy in shape at E > ~1019.4 eV

• Systematic uncertainties, reconstruction biases?

• Anisotropies?

~10%

6

Rescale Auger and TA energies

• Constant rescaling factor of 
5.2%

• From fitting ratio of fluxes 
Auger/TA into a unity in 
the ankle region

• Auger energies raised by 
5.2%

• TA energies lowered by 
5.2%

• Agree in the ankle region 
1018.4 eV < E < 1019.4eV after 
rescaling

• Difference above 1019.4 eV 
persists after locking energy 
scales of experiments

8

(Auger-TA Spectrum Working Group)

DE/E = 14%

DE/E = 21%

Auger
TA

Sys. uncertainty

of energy scale

Syst. unc.: ΔE/E = 14% Energiebegrenzer:

oder die 
kosmischen 
Beschleuniger 
schaffen eben 
nicht mehr…

Energie
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2. Es gibt bevorzugte Herkunftsrichtungen

!63

Large-scale anisotropy (Auger data)

24

Observation of Dipolar anisotropy above 8 EeVObservation of Dipolar anisotropy above 8 EeV
Harmonic analysis in right ascension ↵

E [EeV] events amplitude r phase [deg.] P (� r)

4-8 81701 0.005+0.006
�0.002 80 ± 60 0.60

> 8 32187 0.047+0.008
�0.007 100 ± 10 2.6 ⇥ 10

�8

significant modulation at 5.2� (5.6� before penalization for energy bins explored)
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Combination of vertical and inclined showers

 

0.38

0.42

0.46

km
-2 sr

-1 yr
-1

-90

90

180 -180

2MRS

5 EeV

2 EeV

gal. coordinates

(l,b) = (233�,�13�)

Expected if cosmic rays diffuse to Galaxy from 
sources distributed similar to near-by galaxies 
(Harari, Mollerach PRD 2015, 2016) 

Deflection of dipolar pattern due to  
Galactic magnetic field 

Strong indication for extragalactic origin



3. Die energiereichsten Teilchen sind schwere Kerne
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Preliminary Preliminary

Eindringtiefe in die Atmosphäre Fluktuationen der Eindringtiefe



“Das könnte die 
Entdeckung des 

Jahrhunderts 
sein... hängt 

natürlich davon 
ab, wie tief es 

geht...”



21.06.2018, 22)16 UhrEvent Display

Page 1 of 1https://www.auger.org/index.php/edu-outreach/event-display

The Public Event Explorer
The public event display of the Pierre Auger Observatory is hosted at CNEA in Argentina
(please note that it does take a while to to load up).

The Pierre Auger Collaboration agreed
on making 1% of its data available to
the public. The CNEA website allows
browsing over the events collected
since 2004, and is updated daily. You
can enter an event Id in the search
window, search for an event with the
event selection menu, or display an
event already in cache. You can also
download an ascii file with all events.
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Pierre Auger ObservatoryPierre Auger Observatory
Av. San Martín Norte 304
Malargüe, Mendoza, Argentina 
Phone: (0260) 4471562 / 556 / 579 int.121 
E-mail: webmaster@auger.org

Contacts
Legal Notice

Data Protection Declaration

These contents are released under the  CC BY-SA 4.0 International License, 
unless explicitly stated differently.

HomeHome NewsNews ObservatoryObservatory CollaborationCollaboration ScienceScience Cosmic RaysCosmic Rays Edu & OutreachEdu & Outreach GalleryGallery InternalInternal

www.auger.org
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The KASCADE Cosmic-ray Data Centre KCDC: Granting Open Access
to Astroparticle Physics Research Data
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B Mitrica3, C Morello5, J Oehlschläger1, S Ostapchenko11, M Petcu4, T Pierog1,
H Rebel1, M Roth1, H Schieler1, F G Schröder1, O Sima12, G Toma4, G C Trinchero5,
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Abstract The ‘KASCADE Cosmic ray Data Centre’ (https:
//kcdc.ikp.kit.edu), is a web portal, where the data of
the astroparticle physics experiment KASCADE-Grande are
made available for the interested public. The KASCADE ex-
periment was a large-area detector for the measurement of
high-energy cosmic rays via the detection of extensive air
showers. The multi-detector installations KASCADE and its
extension KASCADE-Grande stopped the active data acqui-
sition of all its components end of 2012 after more than 20
years of data taking. In several updates since our first re-
lease in 2013 with KCDC we provide the public measured
and reconstructed parameters of more than 433 million air
showers. In addition, KCDC provides meta data informa-
tion and documentation to enable a user outside the commu-
nity of experts to perform their own data analysis. Simula-
tion data from three different high energy interaction models

ae-mail: haungs@kit.edu
bPresent address: Siemens AG, Germany
cnow: Bereichsleitung, KIT
ddeceased
ePresent address: INRIM, Torino, Italy
fPresent address: DLR Oberpfaffenhofen, Germany
gPresent address: DLR Stuttgart, Germany
hPresent address: University of Duisburg-Essen, Germany

have been made available as well as a compilation of measu-
red and published spectra from various experiments. In ad-
dition, detailed educational examples shall encourage high-
school students and early stage researchers to learn about as-
troparticle physics, cosmic radiation as well as the handling
of Big Data and about the sustainable and public provision
of scientific data.

Keywords cosmic rays · public data center

PACS 96.50.S · 96.50.sd · 07.05.Kf

1 Introduction

The KASCADE Cosmic ray Data Centre (KCDC) provides
access to the collected cosmic-ray data of the KASCADE
and the KASCADE-Grande experiments. In this paper we
aim to introduce KCDC (logo see fig. 1), where this publi-5

cation will serve as the reference for users of the data pro-
vided by KCDC. We lay out the motivation behind and the
need for such a kind of public data source and we discuss the
available data sets. Furthermore we present the advantages
for physicists and non-scientists alike using the data source10

and the advantages KCDC offers for open data publications.

2

Fig. 1 Logo of KCDC (https://kcdc.ikp.kit.edu).

We describe shortly the evolution of KCDC and give finally
an outlook on possible use-case analyses for the available
data set and on the future of the KCDC project itself.

A first release [1] of KCDC is running since November15

2013 with a positive response from the community and pu-
blic users. Motivated by this success, we had several KCDC
updates, the last major release, called NABOO 1.0, in Fe-
bruary 2017 and NABOO 2.0 and 2.1 in October 2017 and
March 2018, respectively. Presently we provide in different20

formats data from more than 433 million events from the
three detector components KASCADE (representing the ori-
ginal KASCADE Array), the Central Hadron Calorimeter,
and the array of the extension KASCADE-Grande. With the
latest updates we provide as well simulations, separately25

for the three detector components for direct download as
ROOT 6 files and the data points of 88 published spectra
from 21 experiments.

2 KASCADE-Grande

KASCADE-Grande (KArlsruhe Shower Core an Array DE-30

tector with its extension Grande) was an extensive air sho-
wer experiment array to study the cosmic ray primary com-
position and the hadronic interactions in the energy range
E0 = 1014�1018 eV (fig. 2). The experiment was situated on
site of the KIT, Campus North (the former Forschungszen-35

trum Karlsruhe) (49.1 �N, 8.4 �E) at 110 m asl, correspon-
ding to an average atmospheric depth of 1022 g/cm2 [2].
The main detector components of KASCADE-Grande were
the KASCADE Array (1996-2012), the Muon Tracking De-
tector and the Central Detector to measure the hadronic and40

muonic component in the center of the showers as well as the
extension KASCADE-Grande (2003-2012) [3] to enlarge the
detector area by a factor of 10 and to extend the accessible
energy range to E0 = 1018 eV.

The radio antenna field LOPES [4] and the microwave45

experiment CROME [5] were also important components of
the experimental set-up of KASCADE-Grande, where the
data are not yet included in KCDC. The full facility was
in operation until end of 2012. In this section we give a
short introduction to the experimental set-up of KASCADE-50

Grande, its main goals and achievements of the 20-year run-
ning period.

Fig. 2 Photograph of the KASCADE array with its central detector
building (upper panel); Schematic view of an extensive air shower
(EAS), where KASCADE is measuring the hadron, muon, and elec-
tron components (lower panel).

2.1 Experimental Set-up

2.1.1 The KASCADE array

The KASCADE array consisted of 252 scintillator detector55

stations set up in a regular grid with 13 m spacing covering
an area of 200⇥ 200 m2 organized in 16 clusters of 4⇥ 4
stations each equipped with unshielded and shielded detec-
tors for the measurement of the electromagnetic and muo-
nic shower components simultaneously and independently.60

Each station contains unshielded liquid scintillation detec-
tors to measure the electron/photon component and the par-
ticle arrival time. Additionally, the outer 12 cluster (marked
yellow in fig. 3) have lead and iron absorber sheets (10cm Pb
and 4 cm Fe) underneath the e/g-detectors to measure only65

the muonic shower component (see fig. 4). Vertical muons
have a threshold of 230 MeV. Data are accumulated in the
electronic station of each cluster independently and trans-
mitted to the data acquisition system (DAQ).
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Fig. 12 IT architecture of the KCDC Web portal

Subject to your agreement and continuing compliance
with the KCDC Terms, KIT hereby grants to you a limited,850

personal, nonexclusive, non-transferable, non-assignable and
fully revocable license to – (a) use the webportal and (b)
download and use the scientific data of the KCDC in com-
pliance with good scientific practice – provided through the
webportal or related online services for your non-commercial855

scientific purposes only. Commercial purposes are defined
as projects for your own or third parties for which you are
paid or granted values in lieu of cash for the use of the data.

We had to consider a twofold issue as the license is nee-
ded for the web portal and the data. The KCDC approach is860

based on the EULA model, because it is flexible and adap-
table to our needs, it includes the idea of requiring a good
scientific practice, and it can be signed during registration
and can be shipped with each data package.

Fig. 13 Features of the KCDC Web portal.

In our custom-made adaption of the KCDC-EULA we865

followed some key points from industry, like

1. no warranty for damage by owner of web portal or data;
2. no guarantee for availability or uptime of the server;
3. in case of disputes with local laws the EULA intention

is conserved;870

4. changes are possible at any time;
5. the termination of EULA is at our digression, only,

as well as obvious requirements from the open data idea,
like

1. free access to the data and the web portal;875
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energy and mass of the particle or nucleus entering our at-
mosphere, models are in use, which describe the interactions
at energies similar and higher than reachable in man-made140

accelerators. Systematic uncertainties due to these models
are still the greatest obstacle in understanding cosmic radia-
tion.

2.2.1 The all-particle energy spectrum

By using the specific hadronic interaction model QGSJet-II145

as a baseline, a composition independent all-particle energy
spectrum of cosmic rays was reconstructed in the energy
range from 1016 eV to 1018 eV from the data of the Grande
extension [8]. The spectrum is in the overlapping region
in agreement with the earlier published spectrum by KAS-150

CADE [9] in the range of 1015 eV to 1017 eV. Significant
structures are observed in the all-particle spectrum (Fig. 6):
The justification of the ‘knee’ at a few times 1015 eV is gi-
ven since many years. In addition, with KASCADE-Grande,
there is now a clear evidence that just above 1016 eV the155

spectrum shows a significant ‘concave’ behavior. A further
feature in the spectrum is a small break, i.e. knee-like fe-
ature at around 1017 eV. Found first by KASCADE-Grande
this is meanwhile confirmed by other experiments. This ‘se-
cond knee’ occurs at an energy where the rigidity dependent,160

i.e. charge dependent, knee of the iron component would be
expected, if the ‘first knee’ is caused by light primaries. The
concave part of the spectrum is then a consequence of knee-
like features of the spectra of medium masses.

Fig. 6 The all-particle energy spectrum [10] obtained with KASCADE
and KASCADE-Grande (based on the QGSJet-II model and unfol-
ded, i.e. corrected for the reconstruction uncertainties). Shown are
the spectra in comparison with results of other experiments. In addi-
tion, the corresponding interaction energy at accelerators are indicated.
The inlet shows a zoom to the all-particle spectrum from KASCADE-
Grande.

2.2.2 Elemental composition of cosmic rays165

Already in 2005 KASCADE proved [9] that the knee is cau-
sed by a decrease of the light mass group of primary parti-
cles and not by medium and heavy primary particles. With
KASCADE-Grande we investigated such individual mass
group spectra also at higher primary energies [11,12]. The170

application of this methodical approach to shower selection
and separation in various mass groups were performed and
cross-checked in different ways, where figure 7 shows the
main results. In a first step we separated the Grande data in
two mass groups only, i.e., in groups of heavy and light pri-175

mary masses according to the electron-muon ratio in the air
showers.

The reconstructed spectrum of the electron-poor events,
i.e. the spectrum of heavy primaries, shows a distinct knee-
like feature at about 8 · 1016 eV [11]. The selection of he-180

avy primaries enhances the knee-like feature that is already
present in the all-particle spectrum. Despite the fact, that
the relative abundance of the heavy particles varies signi-
ficantly dependent on the model in use, the spectral feature
of this ‘heavy’ knee is visible in all the spectra. In addition,185

an ankle-like feature was observed in the spectrum of the
electron-rich events, i.e. light elements of the primary cos-
mic rays, at an energy of 1017.08±0.08 eV, hinting to an occur-
rence of a component of cosmic rays which have its origin
in the extra-galactic space.190

2.2.3 Hadronic interaction models

Historically, a great achievement of KASCADE was the in-
vention of the CORSIKA (COsmic Ray SImulation for KAscade)
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We describe shortly the evolution of KCDC and give finally
an outlook on possible use-case analyses for the available
data set and on the future of the KCDC project itself.

A first release [1] of KCDC is running since November15

2013 with a positive response from the community and pu-
blic users. Motivated by this success, we had several KCDC
updates, the last major release, called NABOO 1.0, in Fe-
bruary 2017 and NABOO 2.0 and 2.1 in October 2017 and
March 2018, respectively. Presently we provide in different20

formats data from more than 433 million events from the
three detector components KASCADE (representing the ori-
ginal KASCADE Array), the Central Hadron Calorimeter,
and the array of the extension KASCADE-Grande. With the
latest updates we provide as well simulations, separately25

for the three detector components for direct download as
ROOT 6 files and the data points of 88 published spectra
from 21 experiments.

2 KASCADE-Grande

KASCADE-Grande (KArlsruhe Shower Core an Array DE-30

tector with its extension Grande) was an extensive air sho-
wer experiment array to study the cosmic ray primary com-
position and the hadronic interactions in the energy range
E0 = 1014�1018 eV (fig. 2). The experiment was situated on
site of the KIT, Campus North (the former Forschungszen-35

trum Karlsruhe) (49.1 �N, 8.4 �E) at 110 m asl, correspon-
ding to an average atmospheric depth of 1022 g/cm2 [2].
The main detector components of KASCADE-Grande were
the KASCADE Array (1996-2012), the Muon Tracking De-
tector and the Central Detector to measure the hadronic and40

muonic component in the center of the showers as well as the
extension KASCADE-Grande (2003-2012) [3] to enlarge the
detector area by a factor of 10 and to extend the accessible
energy range to E0 = 1018 eV.

The radio antenna field LOPES [4] and the microwave45

experiment CROME [5] were also important components of
the experimental set-up of KASCADE-Grande, where the
data are not yet included in KCDC. The full facility was
in operation until end of 2012. In this section we give a
short introduction to the experimental set-up of KASCADE-50

Grande, its main goals and achievements of the 20-year run-
ning period.
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Fig. 2 Photograph of the KASCADE array with its central detector
building (upper panel); Schematic view of an extensive air shower
(EAS), where KASCADE is measuring the hadron, muon, and elec-
tron components (lower panel).

2.1 Experimental Set-up

2.1.1 The KASCADE array

The KASCADE array consisted of 252 scintillator detector55

stations set up in a regular grid with 13 m spacing covering
an area of 200⇥ 200 m2 organized in 16 clusters of 4⇥ 4
stations each equipped with unshielded and shielded detec-
tors for the measurement of the electromagnetic and muo-
nic shower components simultaneously and independently.60

Each station contains unshielded liquid scintillation detec-
tors to measure the electron/photon component and the par-
ticle arrival time. Additionally, the outer 12 cluster (marked
yellow in fig. 3) have lead and iron absorber sheets (10cm Pb
and 4 cm Fe) underneath the e/g-detectors to measure only65

the muonic shower component (see fig. 4). Vertical muons
have a threshold of 230 MeV. Data are accumulated in the
electronic station of each cluster independently and trans-
mitted to the data acquisition system (DAQ).
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air-shower simulation tool [13], which meanwhile is used by
all major experiments worldwide. Mainly data of the hadron195

calorimeter and additional muon counters at the central de-
tector and the muon tunnel were used within KASCADE to
iteratively test and improve the various versions of the ha-
dronic interaction models optionally available in CORSIKA
(see e.g., [14,15] and references therein). Regarding the ana-200

lysis of KASCADE and KASCADE-Grande data one has
to conclude that all versions of hadronic interaction models
of newest generation provide a ‘physical’ result in terms of
energy and composition of primary cosmic rays. Physical
means here that the mean composition lies within the band205

spanned by primary proton and iron simulations. However,
the absolute energy and, in particular, the mass scale va-
ries significantly from model to model. In addition, it va-
ries partly also within the models if different shower obser-
vables taken from the electromagnetic, muonic, or hadronic210

components are used. This ambiguity can not be resolved by
looking at one single observable or experiment, only. This is
one reason to preserve and provide the data of KASCADE-
Grande also for future analyses, now via KCDC.

3 KCDC215

With KCDC, the KASCADE Cosmic Ray Data Centre [16],
we successfully provide Open Access to experimental cosmic-
ray data to a general public. Via a web portal physicists as
well as non-scientists have easy and convenient access to the
high-quality cosmic-ray data collected by the KASCADE220

and KASCADE-Grande experiments. With our last release
NABOO we provide more than 433 million events from the
whole measuring time of KASCADE-Grande. A high qua-
lity of the data provided by KCDC is achieved by regular

internal quality tests and 20 years of collected knowledge225

and experience gathered by the KASCADE collaboration.

Open Access as described e.g. by the Berlin Declara-
tion [17] includes free unlimited access to scientific data col-
lected with financial aid from public institutions. One under-
lying notion behind Open Access is that research data was230

paid from tax payers money and therefore the tax payer has
the right to have free access to it. This also implicitly in-
cludes a permanent nature of this access such that the data
source and access conditions do not vary or change over
time. Therefore once published data can not be revoked and235

have to remain accessible.

KCDC also wants to contribute to the development of
general principles in the reuse of scholarly data. Here we fol-
low the guidelines of the FAIR Data Principles [18], where
FAIR stands for: Findable, Accessible, Interoperable, Reusa-240

ble.

In case of scientific work, where frequently the evalu-
ation and interpretation of collected data changes in light
of new insights, this requirement calls for special attention.
For KCDC we address this issue by providing special pre-245

selections of high quality data sets alongside time stable se-
lections like a selection of the full published data set. There-
fore high quality selections may vary over time as the scien-
tific insight and understanding of the collected data grows
but will always provide the most viable data set.250

Alongside free access, Open Data also demands the pu-
blication of meta information and documentation. This do-
cumentation has to provide interested third parties all infor-
mation to understand, work with and process the data as they
seem fit. In the case of physics data, this includes a thorough255

and transparent description of the detector, the detection pro-
cess and all physics background physics analyses are based
on. For an experiment like KASCADE with a life time of
20 years or more this is a task of monumental proportions
which obviously has no simple or quick solution.260

With KCDC we made the first step towards this goal by
publishing the reconstructed physics data of the experiment
and of the calibrated entry at each individual detector per
event. This is not the collected raw data acquired by the de-265

tector, but a way step before the final reconstructed results.
The high level data takes into account the collected know-
ledge of the collaboration regarding the detector system and
the involved physics necessary for reconstructing the quan-
tities we are most interested in like the cosmic ray energy.270

This levitates the user from the need to gather an in-depth
knowledge on these aspects before he can reasonably use
the data. This however does not imply that there is no back-
ground information on the detector and the KASCADE ex-
periment available at all. KCDC makes all the information275

easily accessible by the public and in addition offers des-
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energy and mass of the particle or nucleus entering our at-
mosphere, models are in use, which describe the interactions
at energies similar and higher than reachable in man-made140

accelerators. Systematic uncertainties due to these models
are still the greatest obstacle in understanding cosmic radia-
tion.

2.2.1 The all-particle energy spectrum

By using the specific hadronic interaction model QGSJet-II145

as a baseline, a composition independent all-particle energy
spectrum of cosmic rays was reconstructed in the energy
range from 1016 eV to 1018 eV from the data of the Grande
extension [8]. The spectrum is in the overlapping region
in agreement with the earlier published spectrum by KAS-150

CADE [9] in the range of 1015 eV to 1017 eV. Significant
structures are observed in the all-particle spectrum (Fig. 6):
The justification of the ‘knee’ at a few times 1015 eV is gi-
ven since many years. In addition, with KASCADE-Grande,
there is now a clear evidence that just above 1016 eV the155

spectrum shows a significant ‘concave’ behavior. A further
feature in the spectrum is a small break, i.e. knee-like fe-
ature at around 1017 eV. Found first by KASCADE-Grande
this is meanwhile confirmed by other experiments. This ‘se-
cond knee’ occurs at an energy where the rigidity dependent,160

i.e. charge dependent, knee of the iron component would be
expected, if the ‘first knee’ is caused by light primaries. The
concave part of the spectrum is then a consequence of knee-
like features of the spectra of medium masses.
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Fig. 6 The all-particle energy spectrum [10] obtained with KASCADE
and KASCADE-Grande (based on the QGSJet-II model and unfol-
ded, i.e. corrected for the reconstruction uncertainties). Shown are
the spectra in comparison with results of other experiments. In addi-
tion, the corresponding interaction energy at accelerators are indicated.
The inlet shows a zoom to the all-particle spectrum from KASCADE-
Grande.

2.2.2 Elemental composition of cosmic rays165

Already in 2005 KASCADE proved [9] that the knee is cau-
sed by a decrease of the light mass group of primary parti-
cles and not by medium and heavy primary particles. With
KASCADE-Grande we investigated such individual mass
group spectra also at higher primary energies [11,12]. The170

application of this methodical approach to shower selection
and separation in various mass groups were performed and
cross-checked in different ways, where figure 7 shows the
main results. In a first step we separated the Grande data in
two mass groups only, i.e., in groups of heavy and light pri-175

mary masses according to the electron-muon ratio in the air
showers.

The reconstructed spectrum of the electron-poor events,
i.e. the spectrum of heavy primaries, shows a distinct knee-
like feature at about 8 · 1016 eV [11]. The selection of he-180

avy primaries enhances the knee-like feature that is already
present in the all-particle spectrum. Despite the fact, that
the relative abundance of the heavy particles varies signi-
ficantly dependent on the model in use, the spectral feature
of this ‘heavy’ knee is visible in all the spectra. In addition,185

an ankle-like feature was observed in the spectrum of the
electron-rich events, i.e. light elements of the primary cos-
mic rays, at an energy of 1017.08±0.08 eV, hinting to an occur-
rence of a component of cosmic rays which have its origin
in the extra-galactic space.190

2.2.3 Hadronic interaction models

Historically, a great achievement of KASCADE was the in-
vention of the CORSIKA (COsmic Ray SImulation for KAscade)
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groups using 6 different high-energy hadronic interaction
models, but also tested the validity of these models by stu-
dying correlations of various individual observables. This
helped the model builders to improve their models. All the655

models are implemented in the CORSIKA simulation package.
CORSIKA has been written especially for KASCADE and
extended since then to become the standard simulation package
in the field of cosmic ray air shower simulations [13].

At KASCADE, the entire simulation chain consists of660

three parts: (i) air shower simulation performed by COR-
SIKA; (ii) detector simulation performed by CRES; (iii) data
reconstruction performed by KRETA. Fig. 9 illustrates the
parallel workflow of measurements and simulations.

Fig. 9 KASCADE data analysis workflow for measurements and si-
mulations.

665

CORSIKA is a detailed Monte Carlo program to study
the evolution and properties of extensive air showers in the
atmosphere. Protons, light nuclei up to iron, photons, and
many other particles can be treated as primaries. The parti-
cles are tracked through the atmosphere until they undergo670

reactions with the air nuclei or - in the case of non-stable se-
condaries – decay. A variety of high- and low energy hadro-
nic interaction models is implemented. In KASCADE we

were using six high energy models from three different mo-
del families (for a comparison of the models see [21] and675

references therein):
QGSjet-II-02 and QGSjet-II-04
EPOS 1.99 and EPOS-LHC
SIBYLL 2.1 and SIBYLL 2.3

and one low energy model in different versions680

FLUKA.
The detector simulation is performed with CRES (Cos-

mic Ray Event Simulation) a code package for the simula-
tion of the signals and energy deposits in all detector compo-
nents of KASCADE-Grande as response to an extensive air685

shower as simulated with CORSIKA. CRES has been deve-
loped, based on the GEANT3 package accepting simulated
air shower data from CORSIKA as input delivering simula-
ted detector signals. The data structure of the CRES output
is the same as from the KASCADE measurements, which690

means that both are analysed using the same reconstruction
program KRETA. Unlike for measured data where we have
calibration parameters like Air Temperature and event spe-
cific information like Date and EventTime, we have here
some additional information on the shower properties like695

true primary energy and particle ID derived directly from
the air shower simulation CORSIKA or from the detector
simulation CRES. From about 200 observables obtained in
the analysis of the simulated data we choose 34 to be pu-
blished in KCDC. Ten of these parameters are representing700

the true shower information. These Values are summed up
in ‘Monte Carlo Information’. It was one of our main goals
to publish the simulation data in the same format as the me-
asured data published with the release NABOO, to make it
as easy as possible for the users.705

From all available observables taken directly from the
simulations we choose 10 to be published in KCDC called
‘Monte Carlo Information’:
True Primary Energy The energy of the particle inducing710

the air shower is an input for the CORSIKA air shower si-
mulation code. In our case we simulated showers with a pri-
mary energy between 1014 and 3.16 ⇤ 1017eV eV following
a power law spectrum with an index of ‘-2’.
True Primary Particle ID The ID of the particle inducing715

the air shower is an input for the CORSIKA air shower si-
mulation code. We simulated 5 primaries representing 5 dif-
ferent mass groups. These primaries and their respective IDs
are: True Shower Direction The zenith angle and the azi-

proton ID = 14 representing the lightest mass group
helium ID = 402 representing a light mass group
carbon ID = 1206 representing the CNO-group
silicon ID = 2814 representing a medium heavy mass group
iron ID = 5626 representing a heavy mass group
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Fig. 12 IT architecture of the KCDC Web portal

Subject to your agreement and continuing compliance
with the KCDC Terms, KIT hereby grants to you a limited,850

personal, nonexclusive, non-transferable, non-assignable and
fully revocable license to – (a) use the webportal and (b)
download and use the scientific data of the KCDC in com-
pliance with good scientific practice – provided through the
webportal or related online services for your non-commercial855

scientific purposes only. Commercial purposes are defined
as projects for your own or third parties for which you are
paid or granted values in lieu of cash for the use of the data.

We had to consider a twofold issue as the license is nee-
ded for the web portal and the data. The KCDC approach is860

based on the EULA model, because it is flexible and adap-
table to our needs, it includes the idea of requiring a good
scientific practice, and it can be signed during registration
and can be shipped with each data package.
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In our custom-made adaption of the KCDC-EULA we865

followed some key points from industry, like

1. no warranty for damage by owner of web portal or data;
2. no guarantee for availability or uptime of the server;
3. in case of disputes with local laws the EULA intention

is conserved;870

4. changes are possible at any time;
5. the termination of EULA is at our digression, only,

as well as obvious requirements from the open data idea,
like

1. free access to the data and the web portal;875
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Wie schwer ist ein kosmisches Teilchen?

Kosmische Strahlung besteht aus positiv geladenen
Atomkernen der Elemente Wasserstoff (Ladung: 1 Proton)
bis hin zu Eisen (Ladung: 26 Protonen) die sich mit nahezu
Lichtgeschwindigkeit durch den Weltraum bewegen und
zufällig auf die Erde treffen. Beim Eintritt in die
Atmosphäre und Zusammenstoss mit den Luftmolekülen
entstehen neue und verschiedenartige Teilchen
(hauptsächlich Myonen und Elektronen), die wiederum
Stösse auslösen usw. So entstehen Teilchenkaskaden, die
mit fortschrittlichen Messgeräten (Detektoren)
nachgewiesen werden. Diese Messungen der sogenannten
Luftschauer am Erdboden ermöglichen es, Eigenschaften
des ursprünglichen kosmischen Teilchens, wie die Masse
oder die Energie, zu bestimmen.

Hier gibt's : Aufgabe - Anleitung - Lösung

Was sieht KASCADE am Himmel?

Erdgebundene Detektorsysteme sehen in der Regel nur
einen eng begrenzten Winkelbereich am Himmel. Das gilt
für Teleskope und für Nachweisgeräte der kosmischen
Strahlung gleichermassen. Um den sichtbaren Bereich am
Himmel darzustellen, müssen aus der gemessenen
Einfallsrichtung und aus der Ankunftszeit der Teilchen die
Himmelskoordinaten bestimmt werden. Die Verteilung der
Einfallsrichtungen können dann in einem 'Skyplot'
dargestellt werden. Der hier gezeigte Skyplot zeigt die
Häufigkeit mit der kosmische Schauer aus der
entsprechenden Himmelsregion durch KASCADE
nachgewiesen werden. Ein weiterer Schritt der Analyse
wäre nun eine Wichtung der einzelnen Winkelbereiche mit
der jeweiligen Beobachtungszeit.

Hier gibt's : Aufgabe - Anleitung - Lösung

switch to english version 

Auf dieser Seite sind interessante Aufgaben zusammengestellt rund um den Bereich kosmische Strahlung, die mit Hilfe der
Daten des KASCADE Experimentes einige der Vorgänge ausserhalb und innerhalb unserer Erdatmoshäre veranschaulichen
sollen. Diese Aufgabensammlung soll in Zusammenarbeit mit interessierten Lehrern und Schülern stetig erweitert werden und
so zum Verständnis der kosmischen Strahlung beitragen.

Die Rahmenfarben geben einen Hinweis auf den Schwierigkeitsgrad der Aufgaben:
rot bedeutet 'ziemlich schwierig', gelb bedeutet 'mitteschwer' und grün 'ziemlich einfach' während blau als 'Fingerübung' zu
betrachten ist.
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Ausblick





Wo geht die Astroteilchenphysik hin?

• Multi-messenger Astroteilchenphysik:

• Gravitationswellen! Einstein-Teleskop ET ?

• Cherenkov Teleskope Array CTA

• Hochenergie-Neutrinoastronomie mit IceCube(-Gen2)

• GCOS wenn Auger mit AugerPrime Quellen entdeckt


• Neutrinomasse und -hierarchie; CP-Verletzung bei 
Neutrinos; kompakte Neutrinodetektoren, Geoneutrinos…


• Dunkle Materie bis zum Neutrinountergrund: DARWIN u.a. 
… von meV-Axionen bis  Schwarzen Löchern…

Was sagen uns 
LHC, HL-LHC, 
Belle-II, … ?


