E % J(E) (m2sec'srleV ')

a light and a heavy knee

& a light ankle
Andreas Haungs Vulcano
KIT, Germany May, 2014
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25 years KASCADE - Grande b
max by radio

* 49 collaborative papers in |ight ankle

reviewed journals (8 still in queue,
short author list papers not included)

* 55 PhD thesis
» 86 diploma/master thesis iron knee

EAS GHz emission

CROME  CROME X

Karlsruhe Air Shower
Test Facility

muon production height

proof-of-principle radio detection Cosmic Revelation

Proposal

CORSIKA | ~ =i
_ Vulcano 2014, May Andreas Haungs (KASCADE-Grande) 2 ﬂ(IT




KASCADE-Grande
= KArlsruhe Shower Core and Array DEtector + Grande and LOPES

Measurements of air showers in the energy range E, =100 TeV - 1 EeV

TTTTITTTT

=» radio signal

=» electrons
= muons (@ 4 threshold energies)
=>» hadrons

e core and direction (from Grande)

* shower Size (charged particles)

e muon number (from KASCADE)

* local muon density (from KASCADE)
 local charged particle density S(500)
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KASCADE : energy spectra of single mass groups

L [ - -
%n E KASCADE data X == § o &"f:it:f:’f""--f.._,__53.:,,,%
& :_ % nﬁn-:-{ H\{C;b‘ignm f‘ifmrnpti mgé--kﬁ% - @ |
7 E— ‘E.'. - 300 Pev|
E g 100 PeV
6.5
6: Monte Carlo
5.5 (e K - 3 4 4.5 55 5 ;gNrrss
" Eh & 240 om %
J P = e Searched:
T s e E and A of the Cosmic Ray Particles
104: e « ~— 7 M -
T’ [ QGSJET 01 \/ § proton N, and N, for each single event
S F CNO '
O e mmaa, e =» solve the inverse problem
7] ‘ee®® - ¥ Fe group dJ +oo ]
- - AARe 4., T ” A ‘ tr
L far Bee ;i i A " iGN, dgN! = = /m dig B CAVENe 18N, | le E)dlg B
E 1071 %# : T | § ®
v - * + ® . |
Wy Sy 3|y . .
w [ 1]t *ile - kernel function obtained by
5 T Monte Carlo simulations (CORSIKA)
i - contains: shower fluctuations,
1155 O !--1'(')? T efficiencies, reconstruction resolution

primary energy E [GeV] KASCADE collaboration, Astroparticle Physics 24 (2005) 1-25
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KASCADE results

- same unfolding but based on different hadronic interaction models

embedded in CORSIKA

ER - SIBYLL = sumofall ® proton |%° - QGSJet m sumofal ® proton

- - e A helium | < ‘EgEm A helium

3 a "ny, Ny * carbon | & - n N g * carbon

L 5 & ¥ silicon |7 A,aia o v silicon

—.; 10 ?t‘i::ifiii§}ié* El iron ; 1{)3_— Ei* ; B iron

OO T T TL L L P T St P S )

~ i { é 1 z ; A | i ¥ | (7 % ¢ ¥ * i I

u.J I~ J. é i i i l ]_ - T ""' _i ) 4 1

T l i e | %{ 4

= - 4 =

x  F Lllx . 2| ¥ l*

= - i l i ; A T = 10 Ei - ; | * ; =
N S . ¥ o |l HL " A . b A
10° 10’ 10 10° 10’ 10°

primary energy E | [Gev ] primary energy E | [Gev ]

- all-particle spectrum similar
- general structure similar: knee by light component
- relative abundances very different for different high-energy hadronic interaction models

KASCADE collaboration,

Astrop.Phys. 24 (2005) 1, Astrop.Phys. 31 (2009) 86

Andreas Haungs (KASCADE-Grande)

5

observation of a ,light* knee at 2-4-101> eV

AT



KASCADE-Grande: the measurement

E 100 = = = EASCAD.E'A"ay "5 °F KASCADE-Grande data = i g
2 = = E 8.5 0°- 40° 0% 3 oo = s
g o m = 2 = 6 ¢\°“:~.e%\ LR .g
— - - . 7 w. | O gl - 1.5-10°events P A m * )
E B % / ) — . ;]o
o 100 MTD ¢D | o - ©
8 N [ ] u "am_ " L] o 751 o
>‘.2oo; HIlH © = 2
- - =" Piccolo Cluster e 7 'g
SRR | S 3 =
- b =
400 - = o 6
= Grande stations ® -
500 = = |T 55F
B S —
600 trigger-cluster #17 (of 18) 2 S
- . o =
.7 i\ ‘ L1 | 1111 | 1111 | 1111 | 111 \.‘ L1 1| ‘ L1 ‘ 1 | g 4.5 :_ * 15 *
-600 -500 -400 -300 -200 -100 u 100 : :I Ll I L1 1 | |1I0IEIVI I 1 I [ | I | il I } | ] | I | T O | | Ll 1 ] I L1 1
x coordinate [m] € 43 3.5 4 45 5 &5 6 6.5 T 75 8

muon number Iogm(Nu)

= determination of primary energy
=>» separation in “electron-rich” and “electron-poor” event
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All-particle energy spectrum

109,0(E) = [a, + (@re-a,)K] -109,0(Ngp) + by +(Dee-by)-k

k = (Ioglo(Nch/Np) - Ioglo(Nch/Np)p)/ (Ioglo(Nch/Np)Fe - Ioglo(Nch/Np)p)

QGSJET Il hadronic interaction model

-51.5 [T T T T T T T T T s
] L m
o B - v EAS-TOP (Astrop.Phys.10{1999)1)
=14 — o 10" (0] KASCADE (Astrop.Phys.24(2005)1) =
Ny I =%] xq A TIBET-Ill (ApJ678(2008)1165) =
?-1 l - !E 2, o GAMMA (JPhys.G35(2008)115201) -
% 3L l 3 e o P TUNKA (Nucl.Phys.8,Proc.Sup.165(2007)74) —
= _W - A KASCADE-Grande (QGSJET Il}, this analysis -
12 | L + ll 1 i -
i o ] v
ab it -
| _L -
KR WELE ! ’ S 5
L . 4 | A1 & F 3
+A+ = - -
i =, ~ -
0.9 DTS [ S0 S TR ) IR, SR W1 e = - A -
= "y w
! [ ] e B O Akeno (J.Phys.G18(1992)423) -
08 [ ] = = ©  AGASA (ICRC 2003) Oan _ o —
i it ] ; A HiResl (PRL100(2008)101101) o g °
07 [ QGSJet simulation E = 0 ¢ HiResll (PRL100(2008)101101) ', A o
L a A“ = - A Yakutsk (Mew).Phys11(2008)065008) OO0 A M :|
0.6  ® Iron ] = = O AUGER (ICRC 2009) 04 A 9:
¥ « all EPOS | o cCood
0 5 : I. PrOton | | | | a \ OSI : 1 1 1 L1 1 11 I 1 1 1 L1 111 l 1 1 1 L1 111 l L 1 L 111
R 16 17 18
7 7 25 7 5 7 75 8§ 825 85 875 9 10 10 10
logl0(E/GeV) Energy (eV/particle)

-different zenith angle bins

-no composition dependence _ .
Astroparticle Physics 36 (2012) 183
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::m“ -

KASCADE-Grande I P :
all-particle energy spectrum - | :
‘--'IO"'_— —

Astroparticle Physics 36 (2012) 183 B[ o semumomo S
S o mmhcsen oot

L= E O AUGER (ICRC 2009) 00(‘).;3?3

Ll I 1 L L Ll L1l I L L L L 11 I
10 1] 10 17 10 1]
Energy (eV/particle)

g“‘ 04— QGSJET Il KASCADE-Grande
woob e e Spectrum not a single
< E T o power law
~ _._“\‘.“".:--:-:.h. _____ . 5. * ....‘,:::;.‘.-‘- ------ i .‘.. ................ ' "“‘ _________________________________ .
b T R } * hardening of the
: S, 3] C spectrum above 10%eV
-04 [ . "‘_,-.“. -‘.‘ ]
- X } e Steepening close to
e ~15% systematic uncertainty 17
os- influx (energy independent) } 10*"eV (2.10)
primary energy [eV]
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Composition via shower size ratio :

10910(E) = [a, + (ape-a,)-K] -1095(Np) + by, +(bee-b)-K
k= (loglo(Nch/Np) - Ioglo(Nch/Np)p)/ (loglo(Nch/Np)Fe B loglo(Nch/Np)p)

g [T
141

1.2F
X
0.8 —
0.6 —
0.4 —
02f
of
0.2 —

0.4

T T T 1 T T T T T
Fe oSi AC =

QGSJet-11.03

L

I Ll Ll LE Ll I L) L] L]
Jex«H  wmData ]

- selection criterium electron-poor -

| 1 1 1 | 1 1 L |

7

75

8 | 8.5 I 9
log, (E/GeV)

- k-parameter =
normalized shower size ratio

=» composition sensitive

=>» separation in
electron-rich (light)
electron-poor (heavy)
event samples!

Andreas Haungs (KASCADE-Grande) 9 ﬂ(IT



KASCADE-Grande: Spectra of individual mass groups
k'=(0g;o(Ncy/N,) - 10g10(N,/N,),) / (10g10(N, /N )ee - 10g10(N /N, ),)

h,-\wz"_"-w"--l-"'n- T
"'f; | KASCADE-Grande A all-particle
> | ® electron-poor sample
S m electron-rich sample
= Y= 2.95+0.05
ol
E
=~
ol
£
W
=
= 10°[
=
Phys.Rev.Lett. 107 (2011) 171104
¢ electron-poor sample if the selection line is
shifted by +0.2 (fig.3)
ATENITTN LTUTRIEPT) WP AP | el aada g |
7 19 8 8.5 9
log (E/GeV)

observation of a ,heavy” knee at 8-9-1016 eV

- spectra of individual
mass groups:

=>» steepening close to
1017eV (2.10) in all-particle
spectrum

=» steepening due to
heavy primaries (3.50)

=>» spectrum of more
enhanced heavy sample
has harder spectrum
before break.

= light+medium primaries
show steeper spectrum,
but fit by power law okay
=>» possibility for
hardening above 1017eV

Andreas Haungs (KASCADE-Grande)
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KASCADE-Grande: spectrum of light primaries

C KASCADE Array
100 — [ ] u
C [ ]
r . IIIIIIIIIIIIIII
o tom
. . :
-100 — =l )
—_— : | E: n " ’.t n | |
£ - .| *e
~ '200_ Il: ...
Q - L I 0.
‘('-U. - B '...
c b - I [
o - = = 1 u n LI ]
S -300 I H
<) - i
e C I I=
- I "B
n
-400 - I it u
n AN I
- ., O I
-500 — . So n I= o
o . . .0. . \h----J:
- ‘SEEEEEEEEEEEEEEEEN]
-600 1~ 0 Grande Stations
C O u ™
_TOO-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

-600 -500 -400 -300 -200 -100 0 100
X coordinate (m)

- re-investigation of the spectrum of light primaries:

=>» increased area (higher threshold)
= 1 year more data

= improved selection cut Phys.Rev.D (R) 87 (2013) 081101

_ Vulcano 2014, May Andreas Haungs (KASCADE-Grande) 11 ﬂ(IT




KASCADE-Grande: spectrum of light primaries

: s+ all-particle -- PRL 107
I »  allparticle => hardening at 101708 eV
] o  heavy (sep. between He-CNO) (5 80‘) | n | |g ht S pectru m
T
2 o =» slope change from
m [ — —
v F y=-3.25t0 y=-2.79!
W 5 f
x | ! % %
\%‘ + + + + light (sep. between He-CNO)
B B + light (sep. between CNO-Si) -- PRL 107 T L band of systematic uncertainty
¢ light (sep. between CNO-Si)
sl " light (sep. between He-CNO)
10 O & light (sep. on He) | | ?GS‘J [|ET I | |
N T T T T T O Y | [ [ [ L1 L1 I
i6.4 166 168 17 172 174 176 178 18 18.2

log ; O(Ele\f)

dl/dE x E*” (m? sristeV'’)

Phys.Rev.D (R) 87 (2013) 081101

v,=-3.25+0.05,7, = -2.79% 0.08, log_ (E

break “gm.’e\f} =17.08 £ 0.08

16.6 16.8 17 17.2 17.4 17.6 17.8 18 18.2

observation of a , light* ankle at 1-2-101" eV log, (E/eV)
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KASCADE-Grande

energy spectra of
mass groups

10eV 107V

e steepening due to
 KASCADE-Grande | aallpacle | NE€AVY primaries (3.50)

® clectron-poor sample |
¥V electron-rich sample |

1020

y=-2.95+0.05

| e hardening at 101708 eV
3205008 | (5.80) In light spectrum

y=-2.76+0.02

# Y=-3.2440.05

dI/dE xE*” (m?sr”'s"eV'7)

[y
=]
—_
o
\

y=-3.25+0.05

e slope change from
y=-3.25t0 y=-2.79!

| PRD 87(2013)081101
PRL 107(2011)171104 y=-2.79+0.08
L

16 16.5 17 17.5 18
log ,(E/eV)  Phys.Rev.Lett. 107 (2011) 171104

Phys.Rev.D (R) 87 (2013) 081101
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Unfolding results: KASCADE and KASCADE-Grande

1 01 7lYvyy, v EAS-TOP( Astrog_ .Phys.10(1999)1) —
- ®A By . o Yo . Tibet-lll, QGSJET 01 (ApJ678(2008)1165) =
- ol TEEaT Wy @ GAMMA (ICRC 2011) =

T o[_Jo ¥ 5 ® IceTop (arXiv:1202.3039v1) il

= O TUNKA-133 (ICRC 2011)
> @.} - Yakutsk (NewJ.Phys11(2008)065008) =

| 0 (':‘)Jr . A KASCADE-Grande, QGSJET Il (Astrop.Phys.36(2012)183) -
o o Akeno (J.Phys.G18(1992)423)
475 | © AGASA (ICRC 2003)
7)) A HiResl (PRL100(2008)101101)
¢ HiResll (PRL100(2008)101101)  _|
b1 () AUGER (arXiv:1107:4809)
- < AUGER AMIGA infill (ICRC 2011)
7 W "

o 16 |___. —
(R i o e =
= A T -

g X A 4 & ; 6 LI —

%
e = . T S
* o.a. ’ + 'Y i
m * O O X ¢ O—
3 ’i" 05 it e
LN ot
15 %o
T 10 _ é
x - p—
= —-() KASCADE, all-part,, QGSJET Il (see Appendix A) =
— KASCADE, light (p), QGSJET Il (see Appendix A) =
i KASCADE, medium (He+C+Si), QGSJET Il (see Appendix A)
“q: KASCADE, heavy (Fe), QGSJET Il (see Appendix A) -
Ll KASCADE-Grande, all-part., QGSJET |l (this work) —
e KASCADE-Grande, light (p), QGSJET Il (this work) QG SJ ETI
KASCADE-Grande, medium (He+C+5i), QGSJET |l (this work) |
KASCADE-Grande, heavy (Fe), OGSJETII{tms work) I
| 1 | 1 L1 1141 1 1 | 1 1 1 1 11°:

107 10'® 11;‘7 10"
primary energy E/eV

spectra of individual mass groups:

proton medium (He+C+Si) iron

=» all spectra overlap and agree well!

=> all three show a knee-like feature!!

- Vulcano 2014, May Andreas Haungs (KASCADE-Grande) 14 ﬂ(IT
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Validity of Hadronic Interaction Models

o0 First, high energy interaction: LHC
“‘ + multiparameter measurements EAS

® . Secondary interactions:
< \\\A _ .,** Fix target experiments
e T NG + multiparameter measurements EAS
e y “
e’ r L AT
e — 0,
70 /l\ ™ .
Jp n - _ particle flow ___energy flow
T = :
TCOA//.\ \. ® 81_ All‘gz::icl 3
- \ . 6l
/" 0 nJ \ i eutral
a4t Sren, e,
n PR
}J Pr 2 ATLAS/CMS | 'H
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KASCADE-Grande: model dependence

— ||||||||||||||||||||||||||||||||||||J| — ||||||||||||||||||||||||||||||||||-||||
we - electron-poor sample e SIB e GSjet s - z SIBYLL Sjet
S - E - QGS2v4 e gPDils . > - o QGS2v4 c-?]s .
T: I : ] —.: ?Q:—tg‘:l‘* I
s i . i
B - B I - - Fy
W e -\*-K L y : &
"":‘= = IE ) _.\-\\;*-l_ o : ."“"}_:tc 4
— — "Rt L W
q 1 - E!-}\'"'-i ..y
=10 =107 N gl
: ! B L: & All-particle K‘“\: "
S | W S | pzampee N
% [ + 3 E_. ::Fl =_3.01%0.02
| Sl 1 =-3.00 £ 0.03 ;
{=-279£003 T\ g + o G 8 \
- '1,:1 = —.j:.?ﬁ 1 0.02 : . " (ERN T, =-3.17 £ 0.05 ® electron-rich SPimplt
N 3082005 \ ‘F . h=-324%008
SEEE NN R
1015 \ 4 l8. T=-319%0. )
- - -
B i O . NOWN. S W . R iy el Tarene G paelheen ey Prargedienseifsy]
16 16.25 165 1675 17 17.25 175 17.75 18 16 16.25 16.5 1675 17 1725 175 1775 18
log,,(E/eV) log,,(E/eV)

- Structures of all-particle, heavy and light spectra similar
=» knee by light component and heavy component; ankle by light component
- relative abundances different for different high-energy hadronic interaction models

Advances in Space Research 53 (2014) 1456

Andreas Haungs (KASCADE-Grande)
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Present Main Experiments 1016-1018eV

~ KASCADE-Grande ~ IceTop (IceCube)

"/

i h_f

= — ? ‘
S .
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Measurement Technpgues of Air Showers
KASCADE-Grande

¥

«—— First interaction (usually several 10 km high)

IceTop

Air shower evolves (particles are created
and most of them later stop or decay)

Tunka

Measurement of
Meas.uremr-:'nt of Cherenkov Some of the particles fluorescence light
light v:mth telescopes reach the ground l
QidEianglcRoIe Measurement of

Measurement with radlo emission

scintillation counters \%

r

easurement of low energy muons

Measurement of particles with
with scintillation or tracking detectors

tracking detectors or calorimeters
Measurement of high energy
muons deep underground

Vulcano 2014, May Andreas Haungs (KASCADE-Grande) 18 -\\J(IT
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NIM A (2013

light flux at core distance 200 m

) accepted -

Tunka-133

Q.00 ~ Energy
steepness of LDF P = Q(100)/Q(200) = X, ..

e Energy range: 100TeV — 1EeV
e Area: >1 km?; 675m asl

e Cherenkov-experiment: LDF
e 2011: Tunka-133 is extended
by 6 distant external clusters

Vulcano 2014, May

Andreas Haungs (KASCADE-Grande)


http://dx.doi.org/10.1016/j.nima.2013.09.018

Signal [VEM]

500

Perp. distance to shower axis [m]

Vulcano 2014, May

Sy = 216.75% 11.14
B = 3.17+0.06

600 700

e Energy range: PeV — 1EeV
e Area: 1 km?
e 2835m altitude (680 g/cm?)

e 81 ice cherenkov stations

e L DF + particle density at 125m
e in-ice high-energy muons

Andreas Haungs (KASCADE-Grande)



All-particle spectra

i — () AUGER (ICRC 2013 - ID0769)
E 10" z ¢ HiResll (Phys. Rev. Lett. 100(2008)101101)
» — Tunka-133 (ICRC 2013 - ID0617)
';5 B Yakutsk (ICRC 2013 -ID0053)
|
e 10'8 —
w —
od -
L -
b
w 10" =
L =
= — /A leeTop phys. Rev. D 88 (2013) 042004
— [] Telescope Array (ICRC 2013 -1D0221) ) J_‘
10 = %  TIBET-IN (Astrophys. Jour. 687(2008)1165) a1 Il
— ¥ KASCADE-Grande (Phys. Rev. D 87(2013)081101(R)) ‘ﬁ I
1013 B KASCADE-Grande (Astropart. Phys. 36(2012)183-194) IU
= % KASCADE all (QGSJet-ll) (
] IIIIIII| ] IIIIIII| ] IIIIIII| ] IIIIIII| | IIIIIII| |

1015 101? 1013 1']1‘9'

- Structures of all-particle spectra similar (in the level of 15%)

Andreas Haungs (KASCADE-Grande)
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o
—
~

|

1015

.5_—"" e

S - o KASCADE-Grande (QGSJet 11,2012)
o A

- ‘A‘mﬁ

7)) - A#A & TUNKA-133 (ICRC 2013)
b B A

m A A IceTop (ICRC 2013)

£ u ﬁ“ﬁAA R

: AL,

w 10'° — “a e A

e g =LA

I'IJ — ‘% 10" s , :iL:::: ((:’tl:::.2R0e1v:.iI:::'.J:?JQD)[ZOOB}IOHM) ﬁ #

O T e h

+$+

IceTop (ICRC 2013 - ID0246)

T TTTI T TTTTT I\IHIII‘ I\IHIIIl T TTITEH T

O Telescope Array (ICRC 2013 - ID0221) ) O

10™ %  TIBET-NI (Astrophys. Jour. 687(2008)1165) ~C
¥  KASCADE-Grande (Phys. Rev. D 87(2013)081101(R)) ]L"I A

1013 Bl  KASCADE-Grande (Astropart. Phys. 36(2012)183-194) | ‘|

1 01 5 %  KASCADE all (QGSJetll) 1|
I\Illl Il Il \Hll\l Il Il \Hll\l Il\l \Ill\l 1
10" 10" 10" 10" 10%
= EleV
1 111 I ] | | L1 1 11 | | | 1 I I | I

1016 1017 1018

E/eV
difference due to hadronic interaction model or reconstruction?
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All-particle spectra

— 107
S - m KASCADE-Grande (QGSJet 11,2012)
) é“m
P | TAa #  TUNKA-133 (ICRC 2013)
— | %‘A "
o gu# Ada, A IceTop (ICRC 2013)
- - A
g - iiA“‘ A
0 X ﬁ‘ A
o A, A
w 10— SN BN
X — [ |
w - L
= [ i A
s | . ' b4

B - g \ +$

. 1
— ®
¢ ¢ & 1 :i;
10— 1 KASCADE-Grande (heavy, 2013) + +
- e KASCADE-Grande (light, 2013)
_I L 11 I | | | L 1 1 11 | | | | | | I |
1015 1017 1018

E/eV
- spectra of individual masses (mass groups) are important!!
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Light and Heavy Knees, Ankles, and Transition

i% 10”%%%_%* e =

9 10" _

P‘:‘ = light parti;]e_s =

g 0t E E

~ - KASCADE, KASCADE-Grande o f&u -

1014 III | |IIIlII| | |IIIIII| | I||IIII| | I|III|I| | lIIIIII| L 1Ll AN
1014 1015 1016 1017 1018 1019 1020
Energy (eV/particle)

= KASCADE: knee of light primaries at ~3-101%eV 1
= Hardening at 101%eV due to knee of medium component '.\Ood“
= KASCADE-Grande: knee of heavy primaries at ~9-1016 eV Qo%‘&
= heavy knee less distinct compared to light knee \45\‘5%
= mixed composition for 10 to ~ 8-1017 eV
= light ankle at 1-2-1017 eV
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Light and Heavy Knees, Ankles, and Transition

—~ 55
S.> 5.25 E o Tibet 0 HaverahPk Tunka ~ f 7
$ ' #* Akeno/AGASA KASCADE = Stereo FlysEye 3 R E
% 5FAllg o S3gm HiRes T il ui
r;-.n L x t***** A.M.Hillas, J. Phys. G: Nucl. Part. Phys. E E
c 475F i 31 (2005) R95 g w0 =
= E A-c omp onent “ :w E KASCADE, KASCADE-Grande | : tu E
5 af o rigiditys, sttt
[T - -.‘ galactic . Energy (eV/particle)
2425 - T
] 4 3 ok K
o L 3 g WE
o E A ¢ -\ .
= 37F ~ 1 1\ Questions:

L . ~ \ o ] ;

350 . .
; y Y - which astrophysical
3.25 Y T T T N MO T TR T NN M N A T - "u [ (TN TN T T N NN M A A N 1
14 15 16 17 18 19 20 scena_rlo (model)
log, (E/eV) describes the data?
nE ' war | S
;. et B - - exact energy and
b i a 3 F:}-‘Ia“::\‘:
‘ n _ mass scale?

10"

- spectral shape of
individual masses?

E*®(E) (eVm?s'sr)

V.Berezinsky, astro-ph/0403477

i i i ; 0% . A : : 1
10 108 10° 10 10" 18 18.5 19 19.5 20 20.5 D.Allard, astro-ph/1111.3290
E.GeV 1 log, ,E eV
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KASCADE-Grande: Next

« KASCADE + KASCADE-Grande
finally closed end 2012
now dismantled

e« combined analysis
for coherent spectrum and
composition 1014-1018 eV

» detailed data analysis (20y high-quality data)
testing hadronic interaction models
anisotropy studies
radio (LOPES and CROME)

diff. flux dJ/dE “E*° / (m? sr' s eV'®)

AN RRTL! sl S IR AR T

L 1‘613

primary energy E/eV

KASCADe

« KCDC
KASCADE Cosmic ray Data Centre
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https://kcdc.ikp.kit.edu/

« KCDC = publishing research data
from the KASCADE experiment

* Motivation and Idea of Open Data:

general public has to be able to Frontend
access and use the data server Fre
the data has to be preserved for Communication §

Data Processing |

future generations

Storage

 Web portal:
providing a modern software solution
for publishing KASCADE data
for a general audience
In a second step: release the software
as Open Source for free use by
other experiments

e Data access:

Karleruhe Shower Core vy

1.6-108 EAS events of first data release s o
Is now available
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https://kcdc.ikp.kit.edu/

KASCADE-Grande: Mission Accomplished !!

open access to research data
https://kedce.ikp.kit.edu
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Summary
. thaaso
| GRAPES/ASy/GAMNA

ICETOP / ICECUBE

[ - T
g
th
oA

E % J(E) (m2sec'srleV ')

10" - _

—  light particles =

—  heavy particles =

10" E i

E KASCADE, KASCADE-Grande E

14 ||| | |||||||| | |||||||| | |||||||| | |||||||| | |||||||| I 111l I 1T 111
10 1014 ]015 1016 1017 1018 1019 1020

Energy (eV/particle)
answers only by combining all information: stay tuned!
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