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KASCADE - timeline

Proposal

KASCADE

KASCADE-Grande

LOPES

Cosmic Revelation

Karlsruhe Air Shower 

Test Facility

CROME

KCDC

light knee

EAS GHz emission

glimit

proof-of-principle radio detection

muon production height

Xmax by radio

iron knee

light ankle 

model tests

CORSIKA

(an)isotropy
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Å53 collaborative papers in 

reviewed journals (8 still in queue, 

short author list papers not included)

Å55 PhD thesis

Å86 diploma/master thesis



¶Energy range 100TeV ï80PeV 

¶Since 1995

¶Large number of observables: electrons, muons@4 thresholds, hadrons

KArlsruhe Shower Core and Array DEtector

KASCADE

T.Antoni et al. NIM A513 (2003) 490
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Searched: E and A of the Cosmic Ray Particles

Given: Ne and Nm for each single event

Č solve the inverse problem

KASCADE : energy spectra of single mass groups

- kernel function obtained by Monte Carlo simulations (CORSIKA)

- contains: shower fluctuations, efficiencies, reconstruction resolution

KASCADE collaboration, Astroparticle Physics 24 (2005) 1-25
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correlation of observables: no hadronic interaction model describes data consistently !

Č tests and tuning of hadronic interaction models !

Č close co-operation with theoreticians  (CORSIKA including interaction models)

Č e.g.: ÅEPOS 1.6 is not compatible with KASCADE measurements

ÅQGSJET 01and SIBYLL 2.1still most compatible models 

ÅEPOS 1.99 is providing unphysical results 

Åpost-LHC models QGSJET-II-04, EPOS-LHC still needs to be tested

Example:

hadrons vs. muons

KASCADE collaboration, J Phys G (3 papers: 25(1999)2161; 34(2007)2581; (2009)035201) 

KASCADE : sensitivity to hadronic interaction models
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light

medium

heavy

Result KASCADE Č Motivation KASCADE-Grande
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ČDevelopment of a 

new detection

technique!

KASCADE

Grande

LOPES

LOPES collaboration:

-) KASCADE-Grande

-) U Nijmegen, NL

-) MPIfR Bonn, D

-) Astron, NL

-) IPE, FZK, D
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LOPES
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raw data

+ beam

forming

+ sum of

electric 

fields

1. KASCADE measurement2. Radio data analysis

3. Skymapping

4. Many events
meanwhile >500 events

LOPES collaboration, Nature 425 (2005) 313

LOPES: 

Proof of principle
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Composition measurements by LOPES

LOPES collaboration, ECRS Kiel, 2014
K.Link (LOPES) PoS(ICRC2015)311 

F.G.Schröder (LOPES) PoS(ICRC2015)317



Andreas Haungs ïKASCADE-Grande Collaboration

¶Energy range: 100TeV ï1EeV

¶Area: 0.5 km2

¶Grande: 37³10 m2 plastic

scintillation detectors

¶Nch + total muon number

KASCADE-Grande

W.D.Apel et al, Nucl.Instr. and Meth. A620 (2010) 202
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KASCADE-Grande 
energy spectra of individual mass groups

Åsteepening due to 

heavy primaries (3.5s)

Åhardening at 1017.08 eV  

(5.8s) in light spectrum

Åslope change from 

g= -3.25 to g= -2.79!

Phys.Rev.D (R) 87 (2013) 081101
Phys.Rev.Lett. 107 (2011) 171104

11

M.Bertaina (KASCADE-Grande) PoS(ICRC2015)???

J.C. Arteaga (KASCADE-Grande) PoS(ICRC2015)314
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30 March 2009 ïofficial closure ceremony
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KASCADE-Grande: Next

ÅKASCADE + KASCADE-Grande
finally closed end 2012

now dismantled

detectors (partly) are used elsewhere

Åcombined analysis
for coherent spectrum and 

composition 1014-1018 eV

Ådetailed data analysis (20y high-quality data)

testing hadronic interaction models

search for gamma rays

anisotropy studies

radio (LOPES and CROME)

ÅKCDC
KASCADE Cosmic ray Data Centre
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ÅKCDC = publishing research data 

from the KASCADE experiment

ÅMotivation and Idea of Open Data:

general public has to be able to access and 

use the data

the data has to be preserved for future 

generations

ÅWeb portal:

providing a modern software solution 

for publishing KASCADE data 

for a general audience

In a second step: release the software 

as Open Source for free use by 

other experiments

ÅData access:

1.6·108 EAS events of first data release is now 

available

https://kcdc.ikp.kit.edu/
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S.Schoo (KASCADE-Grande) 

PoS(ICRC2015)262

https://kcdc.ikp.kit.edu/


Synergy with Neutrino and Gamma-ray astronomy

- limits on diffuse Gamma-ray flux 

constrain the origin of 

IceCube-neutrinos

ċ Reject the model of IceCube excess 

coming from <20kpc in the galaxy

ċ Reject the positive Gamma-ray signal 

from MSU at 1017 eV
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D.Kang (KASCADE-Grande) PoS(ICRC2015)785

Z.Feng (KASCADE-Grande) PoS(ICRC2015)823 

D. Kang (KASCADE-Grande) PoS(ICRC2015)788 
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Coherently reconstructed energy spectrum 

- all-particle, light and heavy spectra from KASCADE-Grande (QGSJet-II-04)
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S.Schoo (KASCADE-Grande) 

PoS(ICRC2015)263



Andreas Haungs ïKASCADE-Grande Collaboration

Coherently reconstructed energy spectrum 

- all-particle, light and heavy spectra from KASCADE-Grande (QGSJet-II-04)
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S.Schoo (KASCADE-Grande) 

PoS(ICRC2015)263



http://www.hap-astroparticle.org/
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Topics: 

Å Spectrum, Anisotropy and Elemental 

Composition of Cosmic Rays in the 

PeV-EeV range

Å Systematics due to Hadronic 

Interaction Models

Å Astrophysical Interpretation of the data 

and galactic-extragalactic transition

models

click: calendar (upcoming events)

http://www.hap-astroparticle.org/
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Lessons learned 

from the >25-years KASCADE facility

It is essential to provide:

ü spectra of individual mass groups!! 

ü multi-parameter EAS measurements to validate hadronic interaction 

models

ü multi-messenger detection (need muons!!?)

ü high statistics in a large energy range 

(mainly for composition dependent anisotropy studies)

ü the right observation altitude

ü room for R&D studies for future, improved technologies

ü outreach and public data access 
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A.Haungs (KASCADE-Grande) PoS(ICRC2015)278



Andreas Haungs ïKASCADE-Grande Collaboration

KASCADE-Grande: Mission Accomplished !!
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D.Huber

Backup slides
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