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1. 25 years of the experiment at a glance

2. Solving the „knee puzzle” by KASCADE
3. CORSIKA
4. The KASCADE-Grande
5. All-particle CR energy spectrum

> heavy „knee”
> light „ankle"

6. Summary
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(3 Polish)
(1)

Timeline of the KASCADE experiment:
25 years at a glance



ACP15 ACP15 -- J. Zabierowski J. Zabierowski -- NCBJNCBJ 44

TheThe story story hashas startedstarted 25 25 yearsyears ago !ago !
KASCADE :KASCADE :== KAKArlsruherlsruhe SShower hower CCore and ore and AArray rray DDEEtectortector

multimulti--parameter measurementsparameter measurements on on thethe KNEEKNEE

- energy range 100 TeV – 80 PeV
- large number of observables:

electrons
muons (@ 4 threshold energies)
hadrons

490 m2 of e/γ det-s, Eth= 5 MeV
622 m2 of µ det-s, Eth= 230 MeV
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TheThe mainmain tasktask::
to to explainexplain

thethe „„kneeknee”” puzzle*  puzzle*  withwith
preciseprecise measurementsmeasurements

ofof allall showershower componentscomponents

*(Kulikov G.V, Khristiansen G.B., Sov. Phys. JETP 35 (1959) 441)
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CORSIKA (COsmic Ray SImulations for KAscade)
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Main Result achieved by 2005 (on the way, many others also):
KASCADE published CR energy spectrum & composition

in the knee region (Astropart. Phys. 24 (2005) 1;    ~   300 citations)
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Investigation of the muon production heights in
KASCADE-Grande confirmed conclusions on the knee

(Astropart. Phys. 34 (2011) 476 – 19 citations))
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Motivation for KASCADE-Grande:

Questions to be answered:

1. Rigidity-dependence (diffusion and/or acceleration) 
or mass-dependence (interaction)
of the knee position;

2. Where are the other structures in the spectrum:
- iron knee ?
- second knee ? 
- signature of extragalactic component?

Required enlargement of the experiment ~ 10 times
to reach 1 EeV primary energies.
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37×10 m2 
plastic
scintillators

Area: 0.5 km2

KASCADE-Grande
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All-particle Cosmic Ray energy spectrum
(Astropart. Phys. 36 (2012)183 – 38 citations)
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All-particle energy spectrum by KASCADE-Grande :
observation of a hardening above 1016 eV 

‘Concave’ behavior above 1016eV, observed first by KASCADE-Grande. 
It is expected when:

A pure rigidity dependence of
the galactic cosmic rays is
assumed – expected charge 
dependent steps and hardening
is due to the gap in knee
positions between the light (H, 
He and CNO group Z=1-8) and
heavy group of primaries.

or
It is the first experimental hint
to the proposed by M. Hillas
‘component B’ of galactic
cosmic rays – transition from
the one source population to 
another one.

Spectrum multiplied with a factor E-2.918
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Knee-like structure in the spectrum of heavy component
of cosmic rays observed with KASCADE-Grande

(Phys. Rev. Lett. 107, 171104 (2011) – 75 citations)

The first evidence of the knee-
like break in the spectrum of
heavy component at about
8x1016 eV.

There, the charge dependent 
knee of primary iron is
expected, when the knee at
about 3-5x1015 eV is assumed
to be caused by a decrease in
the flux of primary protons.

The main goal of KASCADE-Grande
achieved !
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Ankle-like feature in the energy spectrum of light elements
(Phys. Rev. D 87, 081101(R) (2013) – 35 citations)

Light ankle at 1017.08 eV might be 
the first indication that the
transition from the galactic to 
extragalactic origin of cosmic rays
starts already at this energy.

Changes in the spectra of heavy primaries and
of light elements are not connected by a bias in
the separation or reconstruction, as well as due to
dependence on the hadronic interaction model

(W.D.Apel et al. (KASCADE-Grande Coll.),
Adv. Space Res. 53 (2014) 1456)
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concavity

heavy knee

The all-particle energy spectrum obtained with KASCADE and
KASCADE-Grande in comparison with results of other experiments

(A. Haungs at al. Proc.Vulcano Conf. 2014 – Frascati Phys. Ser. Vol.58, p.238)

light
ankle

concavity

heavy knee
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Mass composition by KASCADE and KASCADE-Grande
(Astropart. Phys. 47 (2013) 54, – 30 citations)

Spectra of individual mass groups: proton, medium (He+C+Si), iron

All spectra overlap and agree well
All three show a knee-like feature
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Current experimental situation on the CR spectrum



ACP15 ACP15 -- J. Zabierowski J. Zabierowski -- NCBJNCBJ 1818

SUMMARY 1:   Our results confirm the theory

The Authors have shown:…

…” that the cosmic ray (CR) knee can be entirely explained by energy-dependent
leakage from the Milky Way, with an excellent fit to all existing data, testing this
hypotesis by calculating the trajectories of individual CRs in the Galactic magnetic
field;”

…” that the CR escape time τesc(E) exhibits a knee-like structure around

E/Z = few x 1015 eV for small coherence lengths of the turbulent magnetic field;”
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…”the recovery of the proton and helium spectra above E/Z ~ 1016 eV in 
the KASCADE-Grande data is mainly explained by the specific shape of
the escape rate τesc(E)”
(proposed by the Authors in Phys. Rev. D 90, R041302 (2014))

…” that the resulting intensities for different groups of nuclei are consistent with
the ones determined by KASCADE and KASCADE-Grande, using simple power laws
as injection spectra.”

…” that the extragalactic CRs contribute sizable to the subdominant 
proton flux already for ≥ 2 x 1016 eV.”

SUMMARY 1:   Our results confirm the theory – cont.
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SUMMARY 2: Lessons learned from the 25-years
of running the KASCADE facility



ACP15 ACP15 -- J. Zabierowski J. Zabierowski -- NCBJNCBJ 2121



ACP15 ACP15 -- J. Zabierowski J. Zabierowski -- NCBJNCBJ 2222



Backup slides
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The door to wide use of cheap radio-detection technique
in EAS research IS OPENED !
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