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The cosmic ray energy spectrum

From particles
interacting in the
detector

to

sampling of their 
cascades at fixed
atmospheric depth

TeV LHC
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Physics and problems: S(E0 )*E0
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LNGS-Campo Imperatore 

2000 m a.s.l. 820 g.cm-2

E.M. ARRAY         and
GeV MUON DETECTOR
Ne - Nμ analysis at knee

MACRO Underground
Gran Sasso Labs.
depth: 3100 m w.e.  
Eμth ~ 1.3 TeV  
76.6 x 12 x 4.8 m3 

σθ < 1o

20 m at surface level
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electron & muon identification

NuclNucl. Instr. Meth.. Instr. Meth.
A513 (2003) 490A513 (2003) 490
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20 Xo

KASCADE  array     e.m. & muon (230 MeV)

490 m2 622 m2 

Tunnel:
muon tracking (800 MeV)

128 m2



Gian Carlo Trinchero: The KASCADE-Grande Eperiment. 

Istituto di Fisica dello Spazio Interplanetario

Torino

E.M. DETECTORS: Ne spectra in the knee region

EAS-TOP KASCADE

The “knee”

2000 m a.s.l.                                                   100 m a.s.l.
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KASCADE & EAS-TOP
Ne (knee) Vs 
Atmospheric Depth
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( Ne , Nµ ) (Energy , Mass)
CORSIKA       SIMULATIONS

Ne

Nμ

P + He + CNO + Si + FeP + He + CNO + Si + Fe
KASCADE Data
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Steepening of the lightest components      (Eμ

 

< GeV)

…model dependences, but not of general result
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KASCADE: Astroparticle Physics 16 373 2002

KNEE CAUSED BY DECREASING FLUX OF LIGHT ELEMENTS
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The composition in the ‘knee’ region 
EAS-TOP

Mass group γ
Heavier primary spectra harder Ek ∝ Z ?

γl > 3.1

γCNO ~ 2.75

γFe = 2.3 – 2.7

Steepening of iron? not seen

γl > 3.1
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HE Galactic CR Astrophysics

light ==> heavy

Diffusion Losses from 
Galaxy ?

p CNO Fe
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Maximum energy of 
galactic accelerators ?

EEmaxmax ∼∼  RR··BB··ZZ
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HE Galactic CR Astrophysics

p CNO Fe

GRB:Cannon Ball

EEmaxmax ∼∼  A A 
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Fe  knee

Supernovae 
?

p CNO Fe
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Fe knee ?

Akeno+HiRes Data
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KASCADE+ EAS’TOP  E.M.:
Extension of KASCADE (10 x) without significant loss in accuracy

KASCADE-Grande: 0.5 km2

EAS-TOP
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The e.m. detectors
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KASCADE-Grande: detectors
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An event: Grande and KASCADE data
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KASCADE & Grande

Grande accuracies

•Core position: 6.4 m

•Size:syst -5%, sing. ev fluct 13% 

•Arrival direction: 0.6°
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S(500)

Presentation….  lateral range of the array



Gian Carlo Trinchero: The KASCADE-Grande Eperiment. 

Istituto di Fisica dello Spazio Interplanetario

Torino

(800 MeV)

KASCADE –Grande 
muon tracking

Additional mass parameter
Test of interaction models

Angular resolution 0.35 deg
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NNμμ

 
poor => ppoor => p

NNμμ

 
rich => Ferich => Fe
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SUMMARY

• KASCADE-Grande is in continuous and 
stable data taking since January 2004 

• KASCADE-Grande data taking completed
• KASCADE-Grande results will cover 

whole “knee” range to find the iron-”knee”
• Different data analysis 
• Physical results soon available
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