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Measurement Techpiques: Air-Showers

energy ?

mass ?

arrival directions ?
Interaction mechanism ?

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

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

M t of Cherenk Measurement of
ealf:ULemf-:‘nh G’| ones Some of the particles fluorescence light
o Emt el reach the ground
or wide angle pmts

Measurement of Sy
Measurement with radio emission

scintillation counters l \ \“\

I\ o
< S

Measurement of particles with
tracking detectors or calorimeters

Measurement of low energy muons
with scintillation or tracking detectors

Measurement of high energy
muons deep underground
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...from PeV to EeV: investigating the knee(s)
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KASCADE
KArlsruhe Shower Core and Array DEtector

e Since 1995 A _.
o Large number of observables: electrons, muons @4 threshelds, hadrons

_— T.Antoni et al. NIM A513 (2003) 490
(/>
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KASCADE : energy spectra of single mass groups
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KASCADE results

- same unfolding but based on different hadronic interaction models
embedded in CORSIKA
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- all-particle spectrum similar
- general structure similar: knee by light component
- relative abundances very different for different high-energy hadronic interaction models

JLSASCADE collaboration, Astrop.Phys. 24 (2005) 1, Astrop.Phys. 31 (2009) 86
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Main result KASCADE
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Gamma-ray astronomy

- Do shell-type SNR accelerate protons? (via n-decay!)
- To which energy? (up to 1015eV?)
- Distinguishable from electron acceleration?

Expected gamma flux
(r® —bump) for different
proton injections

' TN - TeV y-ray Cherenkov
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Stefan Funk, TAUP 2013, Asilomar, CA, US
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Gamma-ray astronomy: Fermi

- 1IC 443 and W44 are the two brightest SNRs in the Fermi-LAT range
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Measured gamma-rays
and calculated proton
spectrum
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O VERITAS (Acciari et al. 2000)
£ MAGIC [Albert et al. 200E)

Gamma-ray flux E* dN/dE (erg cm™ s™)

10° 0 1w 100 10
Energy (eV)
Proton acceleration yes
but only up to TeV?

€ Dependent on age of SNR?

Stefan Funk, TAUP 2013, Asilomar, CA, US
TGudlaugur Johannesson (Island) , talk later the day....

Tlbingen, September 2013 Andreas Haungs (KASCADE-Grande) 9 ﬂ(IT



Gamma-ray astronomy: IACT

-problems: gas density for hadronic
magnetic fields for leptonic
' Measurement

Tycho Supernova Remnant _
also explainable

Type 1a SNR; 1572

13.5—m——————7————— .
| by hadronic and
13.0 .
leptonic models
= LEE | Suzaku Protons up to
== ; 500 TeV o ' | o™ Lo\ -
= L4t I Il ~"F FERMI WO 0% 3
— _ FermiLA'T T 1 so™ ]
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The unequivocal evidence of hadron acceleration in
Tycho’s Supernova Remnant Log (U) [HZ] Atoyan & Dermer 2012 Log(E/eV)

G. Morlina'*, D, Capriali't,
VINAP-Crasernatoris Astrotislon & [

da 8 Arveeei, [argo B Formid, &, 5008 Foense, Jraly

€ Still no proof that SNR accelerate protons

Gernot Maier, TAUP 2013, Asilomar, ca, us UP tO the knee, but also no exclusion....
Peter Eger (Heidelberg), talk later the day....
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Result KASCADE = Motivation KASCADE-Grande
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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)

<

Tubingen, September 2013 Andreas Haungs (KASCADE-Grande) 12 ﬂ(IT



2-dimensional shower size spectrum

= 9 = n
z% ~ KASCADE-Grande data R o
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muon number Iogm(Nu)
= determination of primary energy
=» separation in “electron-rich” and “electron-poor” event
e Astroparticle Physics 36 (2012) 183
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KASCADE-Grande: Spectra of individual mass groups
k'=(0g;o(Ncy/N,) - 10g10(N,/N,),) / (10g10(N, /N )ee - 10g10(N /N, ),)

102"""I""I""F"''I""I""l"“l"""' 1 /1

o0 | ; ) - spectra of individual

i - ) A all-particle 1

% -BASCADE-Grande ® electron-poor sample 1 Mmass groups:

. | m electron-rich sample

”'; v = 2.95+0.05 ) =>» steepening close to

g 10'7eV (2.1c) in all-particle

5 spectrum

£

k. =» steepening due to

% 100} heavy primaries (3.50)
=>» spectrum of more
enhanced heavy sample
has harder spectrum
before break.

Phys.Rev.Lett. 107 (2011) 171104
¢ electron-poor sample if the selection line is ; ; ; ;
shifted by +0.2 (fig.3) > light+medium primaries
ST T PTT TS TE T ST TYL PETTA PR T Lo ShOWSteeperSpeCtrum,
7 7.5 8 8.5 9 -
log, (E/GeV) but fit by power law okay
=>» possibility for
observation of a ,,heavy“ knee at 8-9-:1016 eV hardening above 1017eV
(>
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KASCADE-Grande: spectrum of light primaries

B s+ all-particle -- PRL 107
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] O eavy (sep. between He- . .
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Phys.Rev.D (R) 87 (2013) 081101

break “gm.’e\f} =17.08 £ 0.08
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observation of a , light* ankle at 1-2:10" eV log, (E/eV)
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Validity of Hadronic Interaction Models

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

® . Secondary interactions:
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KASCADE-Grande: model dependence
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- 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 (2013) accepted - dx.doi.org/10.1016/j.asr.2013.05.008
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Neutrino astronomy: lceCube

IceCube Lab
e T
50 meters :-\:'-:i:fizji:‘jff-‘“_‘_—-'-:}:_-"
IceCube Array
86 strings, 60 sensors each . .
R oo zeners - cosmic neutrinos from IceCube

DeepCore correspond to 10%’eV protons
6 strings optimized

for low energies € galactic or extragalactic source?

="

1,450 meters

Eiffel Tower

. 324 meters
2,450 meters

2,820 meters

"Ernie"

Measured PeV-neutrinos
by IceCube

&
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Present Main Experiments 1016-1018eV
- KASCADE-Grande = IceTop (lceéub'-é)
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IceTop

Tunka

Measurement of Cherenkov
light with telescopes
or wide angle pmts

Measurement of particles with
tracking detectors or calorimeters

150 Jahne

Measurement Technigues of Air Showers

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

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

Some of the particles
reach the ground l

Measurement of Sy
Measurement with radio emission

scintillation counters \ \“\

\}\\
/ NN S

| —

Measurement of
fluorescence light

W _gvleasurement of low energy muons
with scintillation or tracking detectors

Measurement of high energy
muons deep underground

<
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Tunka-133

light flux at core distance 200 m Q.00 ~ Energy
steepness of LDF P = Q(100)/Q(200) = X, ..

= light (PRESENT WORK) "

& heavy (PRESENTWORK) 0
light (KASCADE-Grande)

& heavy (KABCADE-Grande)

e Energy range: 100TeV — 1EeV
| | i) e Area: >1 km?; 675m asl
) | S ' e Cherenkov-experiment: LDF
' e 2011: Tunka-133 is extended

NIM A (20135 accepted - http://dx.doi.org/10.1016/j:nima.2013.09.018

by 6 distant external clusters

aonweewacn Tlbingen, September 2013 Andreas Haungs (KASCADE-Grande)



Signal [VEM]

500

Tibingen, September 2013

Sy = 216.75% 11.14
B = 3.17+0.06

600 700
Perp. distance to shower axis [m]

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
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Light and Heavy Knees, Ankles, and Transition

i% 10”%%‘?}%#% @ =

9 10" _

P:‘ — light particles =

m 10‘55— =

~ - KASCADE, KASCADE-Grande o éu -

]014 III | ||II|II| | |IIIIII| | I||IIII| | I|III|I| | |III|II| L LIl L L
1014 1015 1016 1017 1018 10‘19 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\‘?'%
= 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
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B-component: e.g.
Sveshnikova et al:

different types of SN
(J.Phys.Conf. 409 (2013) 012062 )

V.Berezinsky, astro-ph/0403477

E 2 J(E) (m2sec 'srleV )

- KASCADE, KASCADE-Grande
II| 1 IIIIIII| 1 IIIIIII| 11 IIIIII| 1 IKIlIIIl 1 IIIIIII1 11
10" 10" 10" 10" 10" 10" 10
Energy (eV/particle)

Questions:

- which
astrophysical
scenario (model)
describes the data?

- exact energy and
mass scale?

- spectral forms?

Tlbingen, September 2013

Andreas Haungs (KASCADE-Grande)
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Light and Heavy Knees, Ankles, and Transition

- Is the light component after the ankle
already of extragalactic origin?
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TIBET-IIl Astrophys. Jour. 687(2008)1165
KASCADE medium (QGSJet-ll)
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Mft

te

‘fF;”m et {:'H'l

L

KASCADE-Grande (heavy, 2013)
KASCADE-Grande (light, 2013)
KASCADE-Grande (all, 2013)

AUGER E:CRC 2-:113%

HiReslIl (PRL100(2008)101101)
KASCADE-Grande (QGSJet 11,2012)
TUNKA-133 (ICRC 2013)

Yakutsk (2013)
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| mixed composition at the sources
- E =246V 1
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T log, E eV

early extragalactic and charge

20.5

D.Allard, astro-ph/1111.3290

Tlbingen, September 2013
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E %> J(E) (m2sec'srleV ')
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GRAPES / ASy /GAMMA JeEClEIE vz
neutrinos

Summary

107 43’#%::} o

1016

ICETOP / ICECUBE

TUNKA
TA / TALE / NICHE

Yakutsk

AMIGA/HEAT/AERA

AUGER

JEM-EUSO

. "‘M%
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I IIIIIII| RN R
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....better answers only by combining all information: stay tuned!

Tlbingen, September 2013
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