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Introduction

Acceleration/propagation?

PROTO\What is the origin of the
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What is the source?

Data
-Spectrum N
-Composition Composition?
-Arrival direction
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Energy (eV/particle)
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Galactic-extragalactic
transition?
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Introduction

EAS components Energy > 101> eV
Indirect detection
©
Primary Particle
&

nuclear interaction

/ ; :"7 with air molecule ¢\\;
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The KASCADE-Grande experiment

December 2003 - November 2012

1. Location: KIT-Campus North, Karlsruhe,
Germany

Karlsruhe, Germany = °°
110 m a.s.l.; 49° N, 8° E

KASCADE-Grande - J.C. Arteaga UHECR 2016, Kyoto



The KASCADE experiment E= 100 TeV - 80 PeV

Karlsruhe Shower Core and Array Detector




The KASCADE experiment E= 100 TeV - 80 PeV

Karlsruhe Shower Core and Array Detector

Scintillator detectors

e/y detetre
mlat

ﬁ TAnton/ et a/ NIMA 513
(2003) 490




KASCADE: Unfolding elemental spectra

Z 8 L ASCADE dat o Problem: To find E and A for primary
- e s 5 CR’s from N, and N
7.5 6<18° .§ . e ur
;
: B n(lgNe IgN"y) = L1 | PiflgNe, IgN", | E) f1(E)E
6.5 2 ‘
: Flux
55 10
5
s a5 5 85 e .
. lgNL’-
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Efficiency Reconstruction uncertainties
4 | U ————— ]
: !
E‘lozi é 0.8- g lO’F
g [ 06 g,o,:
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g iz B
IgN, Ig N(™ -Ig N - C,
M. Finger PhD Thesis, KIT, (2011)
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KASCADE: Unfolding elemental spectra

- Unfolding methods capable of reconstructing all-particle and elemental spectra

19

FluxE 2° J(E) (m “sec 'sreV ')
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1 L) I ( : HiRes Il - 3 QGSJET 01 - ﬁe"um
0 = mm direct data % - . CNO
- AUGER 2005 S ["wmmgmg, *S
— 10°F = LI I group
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- T A iy 1 %24 ii
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- w T‘ | ® Y
s | (8] l 'L te} ¢ °
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= KASCADE Coll., Astrop. Phys. 24 (2005) 1, 4 T
- Astrop. Phys. 47 (2013) 54 10 10rima S [Ge1 \9]
1013 ll Ll lllllll 1 1 lllllll 11 lllllll Ll lllllll 1 1 lllllll 11 lllllll | _— lllllll | _— lllll“ p ry gy
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Energy (eV/particle)

— Confirmation of the Knee feature at around 4-5 PeV

KASCADE-Grande - J.C. Arteaga UHECR 2016, Kyoto



KASCADE: Unfolding elemental spectra
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KASCADE-Grande - J.C. Arteaga

- Knee due to a break in the spectrum of light

componen ts
E
= « PROTON ®  KASCADE (QGSJET 01) o Akeno
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AUGER 2005

- Result is independent of the high-energy hadronic

interaction model

E_ KASCADE Coll., Astrop. Phys. 24 (2005) 1, ¢ A
- Astrop. Phys. 47 (2013) 54
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Energy (eV/particle)

- Relative abundances are model dependent
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KASCADE: rigidity dependence of individual knees?

0 A. Haungs, ISVHECRI 2016, Moscow
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The KASCADE-Grande detector E= 1 PeV - 1018 eV
A=0.5 km?

37 plasti’c scintillator detectors

W.D. Apel et al., NIMA 620 (2010) 490

KASCADE-Grande - J.C. Arteaga UHECR 2016, Kyoto 10



The KASCADE-Grande detector E= 1 PeV - 1018 eV
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» Charged particles (> 3 MeV)

. 5

H. Falcke et al., Nature 435 (2005) 313 W.D. Apel et al., NIMA 620 (2010) 490
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The KASCADE-Grande detector

1. Grande provides

Nch: Number of charged particles

E= 1 PeV - 1018 eV

2. KASCADE provides
Ny : Number of muons

.§. 100: Sm dw Im KASCADE Array
3 " 1w _’_
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The KASCADE-Grande detector E= 1 PeV - 1018 eV

1. Grande provides 2. KASCADE provides
Nch: Number of charged particles Ny : Number of muons
- m%n‘\ Muon Tracking Detector
g 1L
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KASCADE-Grande: all-particle spectrum
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KASCADE-Grande - J.C. Arteaga

Energy calibration with MC simulations
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KASCADE-Grande: all-particle spectrum

— Spectrum does not follow a simple power-law

l;l-\
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KASCADE-Grande: all-particle spectrum

— Observation of two new structures
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KASCADE-Grande: light/heavy mass groups
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KASCADE-Grande: light/heavy mass groups
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KASCADE-Grande: Unfolding elemental spectra
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KASCADE-Grande: Mission Accomplished !!

- ‘--Ao A e ~} . :
— KASCADE-Grande has terminated data acquisiton
— Collaboration still continues detailed data analysis

KASCADE-Grande - J.C. Arteaga UHECR 2016, Kyoto
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KASCADE-Grande: Gamma ray searches

e e ————————.— . - Ty -

KASCADE-Grande - J.C. Arteaga UHECR 2016, Kyoto



KASCADE-Grande: Gamma ray searches

- Limits on the ratio of diffuse gamma-ray flux to cosmic ray flux
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KASCADE-Grande: Gamma ray searches

- Limits on the diffuse gamma-ray flux

Constrain origin of ICECUBE neutrinos.

of ICECUBE excess
coming from < 20 kpc in the galaxy.

Reject model

KASCADE-Grande - J.C. Arteaga

CASA-MIA (Chantell et al. 1997)
EAS-TOP (Aglietta et al. 1996)
MSU (Fomin et al. 2013)
KASCADE, Ref. [10]
KASCADE-Grande, this work

* m e <0

m 0-1 2 Pierre Auger (Settimo et al. 2013)
' - IceCube excess model (Ahlers&Murase 2013)
a v - IceCube excess model, 8.5kpc (Ahlers&Murase 2013)
-~ -13 — — - |ce@Cube excess model, 20kpc (Ahlers&Murase 2013)
'u) 1 0 - =+ = |ceCube excess model, 30kpc (Ahlers&Murase 2013)
C\'l Ahlers & Murase, arxiv 1309.4077
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KASCADE and KASCADE-Grande mass group spectra

- Based on different
EAS reconstruction

procedures
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Combined KASCADE-
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-Grande analysis

- Use data from both arrays in the same EAS
reconstruction procedure.

- Advantages:

- Eliminates systematic differences due to
distinct reconstruction procedures.

« Increases effective area
- Improves accuracy.

- Provides spectra and composition over
the combined energy range.

Sven Schoo et al., paper
in progess

UHECR 2016, Kyoto 20



Combined KASCADE-Grande analysis: all-particle spectrum

- Result extended over three energy decades

- Shape is retained
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Combined -Grande analysis: all-particle spectrum

- Result extended over three energy decades

— Shape is retained — Post-LHC models: Lower flux at LE’s
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Combined KASCADE-Grande analysis: mass group spectra

- Result extended over three energy decades

— Main structures are still observed
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Combined KASCADE-Grande analysis: mass group spectra

PQ§t-LHC models

QGSJet-11.04
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— Main structures confirmed

— Relative abundances are model
dependent

Sven Schoo et al., paper in progess
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Events located in KASCADE
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Test of models: radial dependence
Events located in KASCADE vs events in Grande
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— Respective spectra show strong differences
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Test of models: radial dependence
Events located in KASCADE vs events in Grande

k= f HE KASCADE event ‘:‘g‘ - HE Grande event
O — Standard NKG fit T r\x — Standard NKG fit
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= — Steeper LDF — Steeper LDF
10 N 10\
1} * 11 f ¢
- : ¢
0 100 200 300 400 500 600 700 0 100 200 300. . =00 700
r[m] ' r[m]
Slope of muon LDF used Muon detectors cover
in standard EAS fit is a limited portion of
fixed and too flat. EAS front.

KASCADE-Grande - J.C. Arteaga UHECR 2016, Kyoto 24



Test of models: radial dependence
Events located in KASCADE vs events in Grande

g - HE KASCADE event ‘:‘g‘ - HE Grande event
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Test of models: radial dependence

Data : Measured, Calib.: QGSJetIl.4
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At high energies Ny corresponding
to the same intensity drops with
radial distance.
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Test of models: zenith angle dependence

N, attenuation length: Ny = N0 exp[-Xo sec(0)/Ay J.C. Arteaga-Veldzquez

et al., paper in progess

e« KG data (6 = 0° - 40°)
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Less attenuation in experimental data than in MC

- Problems with predicted Energy spectra of muons?
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All-particle energy spectrum from S(500)
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All-particle energy spectrum from S(500)
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KASCADE Cosmic Ray Data Center

open access to research data
https://kcdc.ikp.kit.edu

KIT | IKP | HOME | Impressum | login

A. Haungs et al., J. of Phys. Conf. S. 632 (2015) 012011

SKIT

Karlsruhe Institute of Technology

KCDCH
omepage welcome tO KC DC Institute for Nuclear Physics
KCDC Motivation (IKP)
The aim of the project KCDC (KASCADE Cosmic Ray Data Centre) is the installation and KIT Campus North
KCDC Regulations establishment of a public data centre for high-energy astroparticle physics based on the data Addrasm

of the KASCADE experiment. KASCADE was a very successful large detector array which Institute for Nuclear Physics
recorded data during more than 20 years on site of the KIT-Campus North, Karisruhe, Karisruhe Institute of Technology
» Information Germany (formerly Forschungszentrum, Karlsruhe) at 49,1°N, 8,4°E; 110m a.s.l. KASCADE Hermann-v.Helimholtz-Platz 1
collected within its lifetime more than 1.7 billion events of which some 425.000.000 survived  Leosocahaiae o
» Announcements all quality cuts. Initially about 147 million events are available here for public usage.
Postal Address:

Institute for Nuclear Physics
Karisruhe Institute of Technology
Postbox 3640

D-76021 Karlsruhe

FAQs —

» User Account

Phone: +49/721/608-23546
Fax: +49/721/608-23548
» Data Shop

E-Mail:
Ikp~kcdc[at)lists.kit.edu

Publications

Education/Lehre Downloads

KCDC Manual (english)
» Report a Bug
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Summary

Limits on the diffuse flux
of VHE vy rays have been
established.

All-particle, light and heavy
spectra were obtained for 3
energy decades.
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Combined analysis
confirms structures of
spectra.

Post-LHC models do not
describe the measured
data.

Some problems might be
due to predicted muons.

KASCADE-Grande - J.C. Arteaga UHECR 2016, Kyoto
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Thank you!

KASCADE-G rande Institut flir Kernphysik & Institut fur Experimentelle Kernphysik

KIT - Karlsruhe Institute of Technology
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