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252 Detector Stations
organized in 16 Clusters

observable: Nch

192 Detector Stations
with shlelded scintil Iators
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KASCADE Analysis
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O py takes into account the probability...

o that a nucleus n with an energy E induces EAS with N"¢ and fo“e
o that the event gets triggered and properly reconstructed
o that N} and N;™¢ are reconstructed as the N, and N,, of the cell i
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KASCADE Results (QGSJet-1)

o helium more abundant

-
compared to proton it (L1009 0101
(For QGSJet-1) = 2

510 0 *m”,** Tunka-133 (NIM A, 756, 2014)
proton knee: ~2-3 PeV z **:*****‘***#*ﬁ#
. ) ool
helium knee: ~4-6 PeV? L0 *
if yes, knee maybe % +1'
Z-dependent g e TT
o helium knee: ~8-12 PeV? X
if yes, knee maybe S
=
A-dependent
. % KASCADE, H (QGSJet-1,2005)

o take a look also at e.g. iron ol el o - i i .

to get a clearer picture Efev
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KASCADE-Grande Setup

KASCADE Array

¥ coordinate (m)

©

location: extension of the KASCADE-Array

o 37 additional stations (unshielded only)

©

N,: derived using KASCADE
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o area: 700 x 700 m?
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spacing: 137m "' ‘ e R
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[http://www-ik.fzk.de/KASCADE_home.html /]
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2 dimensional shower size spectrum
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[doi: 10.1103/PhysRevLett.107.171104]

number of charged particles Iogm(Nch)
[}
3,

o again basis of the analysis

o lower statistics towards upper energy limit (10'8 eV) problematic for
unfolding analysis — use different approach for the whole energy
range

o used to separate events into mass groups
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KASCADE-Grande Energy reconstruction

u‘i gi « Fe(0-16.7%) ‘
g E . H(0-16.79) + pt
85—
o
0 N, is used to estimate the energy of an  7s-
event. 3
7; QGSJet-II-2
0 logyo(E/GeV) = (an + (are — an) - k) - % o 75 ‘,3 "
0910 ch’
|Og10(Nch) + bH + (bFe - bH) -k ~ 17
Eﬁ E « HE167)
et
0 k is used to correct the obtained energy g | * ™" tiy
for the mass dependence s
1af .
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KASCADE-Grande All-Particle Spectrum

o all-particle spectra (K/KG)
show same structures, but
absolute flux different

o KG spectrum corrected for
bin-to-bin migrations

o correction is of the order of
a few percent

o all-particle spectrum does
not follow single power law

S. Schoo (KIT-IKP)

107
AUGER (ICRC 2013)
HiResl (PRL100(2008)101101)
TeeTop (ICRC 2013)
Z TA (ICRC 2013)
: 10% Tokiokan, Tunka-133 (NIM A, 756, 2014)
> Bk Kok
% **1"&*
L,, e *“ ‘u‘
101
a A
E T
s 10"
R
X
R
2
~ 10
<
*  KASCADE, all (QGSJet-1,2005)
% KASCADE, He (QG!
*  KASCADE, H (QGSJet-12005) A KASCADE-Grande (QGSJet 11.2012)
10'¢ 7
10" 10 10'7 10™% 10" 102 102
E/eV
KASCADE /-Grande 02.09.14

9/17



Separation into mass groups

1.4 separation heavy/light between CNOand Si o Data
- —— separation heavy/light between He and CNO * H
. . . — — sys. error-estimate on the separation . EleNo
o separation lines are fitted to mean 1.2 i
k-values 1
o k-value(event) below separation line 0.8
— light primary, else 0.6
— heavy primary 04

o dotted line was used to put emphasis on g2
the heavy component (search for a

B L L o R R
T T T T T T T T T T

0
possible heavy knee) I |
-0. el : -ll-
@ continuous line was used to put ogf  omhangles:024°
emphasis on the light component (search  Tagjes 37 173 174 178 78

for a recovery of the light component)
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KASCADE-Grande The heavy knee

@ heavy knee observed at
1016.92i0.04 eV

indication for Z-dependent
knee positions
(Heavy == Iron?)

o significance: 3.5¢0
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heavy knee observed at
1016.92:t0.04 eV

indication for Z-dependent
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KASCADE-Grande The heavy knee
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o significance: 3.5¢0

dI/dE x E*™(m~2sr~1s~leV!™

107 % KASCADE, all (QGSJet-1,2005)
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KASCADE-Grande The light ankle

o light ankle observed at
1017.0840.08 o/

o possible transition from
galactic to extragalactic
origin starts at this energy?

o significance: 5.8¢

@ medium component not
shown (e-poor + e-rich I=
all-particle)
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Comparison

o absolute flux slightly
different

o heavy mass spectra seem to
fit reasonably well

o what is the composition of
the light spectrum below
and above the ankle-like
feature?

o KASCADE He-flux may be
too steep. Need another
component? Should we
expect another bending at
around 106-5¢V ?

o galactic KASCADE proton
flux is too low
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o change of composition before and after
the light ankle possible

@ composition at higher energies needed,
connection to direct measurements

desirable
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Combined Analysis

Idea: Use e/~ detectors of both
arrays together instead of
separately

Reconstruction of observables
even more accurate

The consistent reconstruction
over the whole range eliminates
systematic differences due to
different reconstruction
procedures

Significant increase in number
of events by increased
measurement time and fiducial
area

Sub-KASCADE area might help
to reach down to 10*eV
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Standard Area: 152202 m?
KASCADE Area: 25447 m?
Sub-KASCADE Area: 5027 m?

Combined Area:
282057 m?(~ 1.84 x Std. Area)
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IgN,

Combined

Preliminary -
. . . | Only 5% of avail. data o
First tests with about 5% of the avail.
data look very promising. T
The recontruction using both arrays z i
e 1070
simultaneously works as expected. E H
g
,nnm
Next: process the whole dataset, apply
energy-reconstruction procedures to -
combined data
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KASCADE-Grande
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