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short overview ...

cosmic rays around/above the knee - what's it all about
the KASCADE experiment and its results
KASCADE-Grande - setup and reconstruction

first results and ongoing analyses



differential flux [(m? sr s GeV)-1]

The cosmic ray energy spectrum
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measurement range of KASCADE-Grande
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follows a power law

change of index (knee)
around 4 x 107° eV

knee region between
10'% eV and 1077 eV

making structures visible:

scaling of flux by [E something



Structure in the cosmic ray energy spectrum
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What happens further
on?

?
2nd knee: Does the 2nd knee

exist? Where?

flux too small for

direct measurements
Knee

detection via
extensive air showers
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KASCADE

designed for energies in
knee region

measurement of different
observables

in operation since 1996

Detection of air showers

detection of secondary particles
with detectors at ground

back-calculation of properties of
the primary particle
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HV and signal gas bag

connections

KASCADE array T

light collector.

steel cone

determination of electron number,
muon number, shower core and
arrival direction of air shower

filled with argo

liquid scintillator.

aluminium tray

e/y - detector

Y

- 1920 mm

e/y - detector
(liquid scintillator)

lead/iron absorber

muon detector
(plastic scintillator)

detector
housing

wavelength
shifter bars

plastic
scintillator

PMT 2

muon detector



What we have learned from KASCADE ...

knee structures in spectra of light elements

knee in all-particle spectrum caused by superposition

composition result strongly dependent on used interaction model

dI/dEXE?°  [m?s1sr-1GeV™?]
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iron knee expected at ~10"" eV

Does the 2nd knee exist?
At which energy?

relation between 2nd knee
and expected iron knee?

Transition region from galactic
tfo extragalactic cosmic rays?

few data between
5x10"% eV and 1078 eV



KASCADE-Grande

plastic scintillators
(former EAS-Top)

37 detector stations (10 m? each) on area of FZK, total of 0.5 km? detection area



Station of Grande-array
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16 detectors per station » ‘, : . 5 ,,_E'ﬂi_ilf’. .

total of 10 m? detection area

per station .
photomultiplier

measurement of charged (electrons and muons) air shower component



Grande - array

37 stations distributed in southern part
of Forschungszentrum area

independent DAQ

each neighboring 7 stations constitute
a trigger-hexagon

Piccolo - array

scintillation counters (8 stations)
providing common trigger for Grande
and KASCADE-components




efficiency

KASCADE-Grande: efficiencies
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ely-detector, run 004358 event 0160542

energy deposit [MeV/n12]

one of the first
KASCADE-Grande
events
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Directional analyses:

/ \

large scale anisotropy small scale anisotropy - point sources
investigation of variations in rate calculation of estimated background
dependent on right ascension
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Large scale anisotropy -
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number of bins

Search for point sources

comparison between observed
number of showers and estimated
background (Li-Ma analysis)

frequency distribution of significances
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distribution of significances in visible sky

no significant excess found

significance



Determination of particle numbers -

fitting the lateral distribution L ® 60<IgN,<66
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already some events around 1078 eV

next step:
unfolding analysis for determination of
energy spectra of mass groups

... but not yet done!
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Shower size spectra
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muon number
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Conclusions and outlook ...

KASCADE-Grande

continous data taking

shower reconstruction well understood

anisotropy studies: no deviations from isotropy found

above 1077 eV already more data than KASCADE

also some events around 1078 eV

analysis of shower size spectra has bequn —» energy spectra to come!
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