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Motivations for the KASCADE-Grande experiment

The range 1016 — 1018 eV is crucial for different reasons:
- complete “knee” studies
- investigate galactic-to-extragalactic transition

- hadronic interactions
- anlsotroples
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Measurements of air showers in the energy range ;& 100 TeV - 1 EeV

lﬁ.uﬁ ’li. i

AT - -
dddidnany

o |11 i sl
o | il P,
A AERO D T

A e 1



KASCADE-G rande Institut fiir Kernphysik & Institut fir Experimentelle Kernphysik

. KIT - Karlsruhe Institute of Technology
Collaboration )
W.D.Apel, K.Bekk, J.Blimer, H.Bozdog, F.Cossavella,

. g s K.Daumiller, P.Doll, R.Engel, J.Engler, M.Finger, H.J.Gils,
Experil:nne“r:te;ﬁleté'al'te\i?;lcehgeennphysik A.Haungs, D.Heck, T.Huege, P.G.Isar, D.Kang, H.O.Klages,
P. Buchholz, C.Grupen, K.Link, M.Ludwig, H.-J.Mathes, H.J.Mayer, M.Melissas, J.Milke,
D.Kickelbick, S.Over S.Nehls, J.Oehlschlager, N.Palmieri, T.Pierog, H.Rebel, M.Roth,
H.Schieler, F.Schrdéder, H.Ulrich, A.Weindl, J.Wochele,
M.Wommer

Universitat Wuppertal -
Fachbereich Physik Dcean Radboud University
D. Fuhrmann, : BB ESToNiA Nijmegen

R. Glasstetter, K-H. Kampert p %y R s J.R.H6randel

University Trondheim, Norwa IRELAN s

S. Ostapchenko

LATVIA
LITHLL g

Soltan Institute for
POLAND Nuclear Studies, Lodz

P. Luczak, J. Zabierowski

BELGIURMK SERMANY

IFSI, INAF

and University of Torino FRANCE AUSfACH S
M. Bertaina, E. Cantoni, e Institute of Physics and Nuclear
A. Chiavassa, F. Di Pierro, CROATIA RaMANL Engeneering and University
P.L. Ghia, C. Morello, (TALY Bucharest
G. Navarra’, G. Trinchero I.M. Brancus, B. Mitrica,
Universidad Michoacana EEEEEEEEES GREECE s [P, (5 HAIES, (R

Morelia, Mexico Universidade Sao Paulo, Brasil
J.C. Arteaga V. de Souza

http://WWW'ik.ka.dE/KASCADE'G rande/ "deceased



y-coordinate[m]

100"

-200!
-300/
-400;

-500!

700 600 500 -400 -300 -200 -100 0 100

o

-100!

-600!

KASCADE-Grande ©

11
]

22
@

33

.5

Grande-Stations @

4
®

10
@

.16

27

37

21

.15

32

.20

9267
31 o« o
- . Trigger-Cell 17 (of 18)

3 KASCADE
A 2 1

9 8 7 6

14 13
®ws © 0’2
=“= Piccolo-Stations

19 18

o9 o o7

25 24

. . 023

30 o9 28

45
- @ .34

x-coordinate[m]

Shower core and arrival
direction

— Grande array
Shower Size (N, number of
charged particles)

— Grande array
* Fit NKG like Idf

etectors & observables

Detector Detected Detection Detect
EAS Technigue or area
compone (m?)
nt

Grande Charged Plastic 37x10
particles Scintillators

KASCADE | Electrons, | Liquid 490

array ely Y Scintillators

KASCADE | Muons Plastic 622

array p (Ep=230 | Scintillators
MeV)

MTD Muons Streamer Tubes 4x128
(Tracking)
(Ep=800
MeV)

* U Size (E>230 MeV)

*KASCADE array M detectors

Fit Lagutin Function
* pdensity & direction (E,>800 MeV)
«Streamer Tubes




log,(Particles / m?)
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A standard event

- Recorded on July 8 2005 at 12:11 UTC
- Core: (-155, -401) m

- log,s(Ng,) =7.0

-logys(N,) =5.7

-Zenith :24.2°

- Azimuth: 28.4°

Apel et al. NIMA 620 (2010) 202-216

KASCADE-Grande efficiency

+ Charged (Grande) | 7 '? ;
DATA . 1 (KASCADE) | 2 i"“””””
— NKG (1 +©) Y L) :
— i - . :
Lagutin (u) 0a s t
06
: 0.4 .
— B o-uniformimixture of p, He, O, Si, Fe primaries
— - -«proton grimaries
02~ = iron primaries SIM
sigsleisileswsloswilligelensaTleneilomesy oh e
0 100 200 300 200 500 600 700 &5 n L 8 Biégwmev)?

Distance from Axis [m] 1oléev 6



Cross-check between KASCADE and Grande
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core position accuracy [m]
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Good agreement between the reconstruction accuracie S
of the 2 detectors
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Muon reconstruction  (from simulation QGSjet Il & FLUKA)
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First Results:

*All particle Energy
spectrum

*Towards Mass Groups
spectra
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Reconstruction of the energy spectrum

We use three different methods:

N, as observable

‘N, as observable

«Combination of N ., and N, as observables

‘

*Cross check of reconstruction procedures

*Cross check of systematic uncertainties

*Test sensitivity to composition

*Cross check of validity of hadronic interaction mod

If not explicitly mentioned in the following
CORSIKA QGSjetll/FLUKA interaction model is used

els
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primary energy [Log(E/GeV)]
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Pro & cons of the methods

Nen OF N, alone:

e Constant intensity cut method
 Correction for atmospheric attenuation is model in

dependent

« Calibration function QGSjet II: shower size (N, orN,)vsE

e Composition dependent

Nen & N, combined:

e Composition independent
 Correction for atmospheric attenuation is model dep
- Calibration function QGSjet Il: N -N,, vs E

endent
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flux o /flux

Check of resolutions

and systematic errors
using MC simulations

Reconstructed/True flux
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Table of systematics on the flux

Source of uncertainty 10 eV | 10%7eV | 1018eV
(%) (%) (%)
Intensity in different angular bins (attenuation) 10.2 9.3 13.0
Calibration & composition 10.8 7.8 4.4
Slope of the primary spectrum 4.0 2.0 2.1
Reconstruction (shower sizes) 0.1 1.3 6.6
TOTAL 15.4 12.4 14.7
Other uncertainties % % %
Sudden knee structures (extreme cases) <10
Hadronic interaction model (EPOS-QGSijet) -5.3 -14.0 -9.5
Statistical error 0.6 2.7 17.0
Energy resolution (mixed primaries) 24.7 18.6 13.6

16
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Comparing the 3 methods (dI/dE X)E
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Spectrum measured with the N ,-N,, technique lies in the allowed region
by the CIC analysis performed both with N, and with N, 18



Residual plot
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Fiest = (X%single powerlaw 7 M)/ (X%tunction / M), With m,n = ndf single power-law, function

Variance = 2n 2(m+n-2) / m(n-2) 2(n-4)
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Simulated spectrum similar to the experimental one
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The features of the spectrum are properly reproduce  d.
Only slight overestimation (~7%) of the flux at the threshold
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dI/dE x E*° J(E) (m2sec'sr'eV'?)

The all-particle energy spectrum
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* The Energy spectrum shows structures.

* The composition analysis is crucial to try to
understand their origin.

* The composition studies are approached with
different techniques (all based on N -N,
observables and QGSJZT model) like 1 we did for
the Energy spectrum to have a cross check of
the results and in order to study the systematic
errors of each technique:

- N/N, distributions in bins of N, (X?)
- unfolding

- k parameter
- Y¢I¢= logN /logNy,



* The goal of the ¥'“ and “k parameter”
algorithm Is to separate the events into samples
originated by primaries belonging to different
“mass groups”

— YCIC = Iog Np(eref) / Iog Nch (eref)
— K= (10g(NN) - log(N/N,),) /
(Iog(Nch/Np)Fe' Iog(Nch/Np)p)

e X?and unfolding algorithm have the goal of
measuring the spectra of single mass groups
through statistical analysis of the two
dimensional (N, N) spectra

26



Performances of the Y¢I¢ and "k parameter” algorithm.
Calculated in the frame of CORSIKA full EAS simulation
with QGSJet IT interaction model.
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NY<O.84/NH & NY>O.84 /NFe
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X% method
N, /N_,. distributions in bins of N,
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N./N., distributions in bins of N,
° I:sim(i) = zj (Xj fg (l) -> ZJ. (]j =1

sim,j
° X2 = Zi (Fsim(i)'Fexp(i))Z/GZ(i)
* It has already been shown that:

- KG can separate three mass groups:
* Light (H), Intermediate (He+C), Heavy (Si+Fe)
- QGSJet IT gives a good description of the
measured N,/N, distributions in the whole
N., range
- Light and Heavy mass groups are needed to

describe the distributions measured in all
N, intervals

30



* Analyzing the N,/N,,, distributions in the k" N,
interval we obtain the abundances a;(k) of
different mass groups.

’ NJ(k) - aj(k) Nexp(k)
* From N;(k) we can calculate the flux in the k™
N, interval.

» By a full simulation we convert N, into primary
energy. We calculate the differential energy
fluxes of single mass group

* Results heavily depend on the QGSjet IT
interaction model
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Test spectra of the three mass groups reconstructed with the X2 analysis.
The results are not yet corrected for migration effects.
No spectral breaks are intfroduced by the algorithm. 32



Number of events N; in the
cells of the two dimensional
spectra are given by:
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Conclusions

KASCADE-Grande operates in thel®Q.08 eV
energy range

<1° arrival direction, <10 m core position, ~15% N
>20% N, resolutions

All particle Energy Spectrum

— Agreement with KASCADE & EAS-TOP results at the
threshold

— Agreement between different reconstruction approaches
— No single power law
— Structures at the threshold and ~1017 eV

‘Toward mass groups energy spectra
e Resolve three mass groups
e Mass group spectra will be soon presented
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