nic Ray Observations
Ind and above the knee

Karl-Hei

"~ e-mail: kar

e Astrophysical Relevance of Energy Range
e Experimental Data

— connecting direct and EAS experiments

— the knee region

— the second knee and ankle region
- . * Experiments in the near Future

! « Concluding Remarks
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SNRs: The galactic CR accelerators ?

HESS Collaboration: Nature 432 (2005) 75; Nature 439 (2006) 695

Morphology of RX J1713.7—-3946 Diffuse TeV y-emision from galactic centre egion

Experimental proof ?
e Still no evidence for hadronic accelerators
e TeV vys can (still) be interpreted by
Inverse Compton (IC)
e Diffuse ys suggest nearby sources with a
hard spectrum
e Why are most SNRs not seen in TeV light ?

TeV Particle Astrophysics 2007, August 2007, Venice 2
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Knee by SNRs ?
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Knee by diffusion losses ?

2 -+ AGASA . ® HiRes/MIA  SUGAR
> —  + Akeno 20 kmy o KASCADE (e/m QGSJET) ® Tibet ASy *
) + Akeno 1 km a KASCADE (e/m SIBYLL) ® Tibet ASy-1lI
Q) B = AUGER A KASCADE (h/m) V Tunka-25
A O BLANCA % KASCADE (nn) X Yakutsk
/p) 10 7 (? %IACSEA-MIA r.‘% MSU
- = Mt. Norikura o
b C -+ BASJE-MAS - K¥K ¢
B F ek light = heavy ¥y
- B » Fly's Eye o
é B ¢ Haverah Park ‘
: B Haverah Park Fe
“ S | ¥t Haverah Park p
n O HEGRA
. ® HiRes-I
© 406 ® HiRes-lI
Ll 10 — "
O [ -
< — ® |
=) u o« * T4
= -0 | 2. ), ‘e
x L T 2, To Ty
— 1 ’ i/
T Gy [
NIRRT R R ETTT BN RN R ETIT B SN R ATIT AR | N
7 8 9 10 11
10 10 10 10 10

Energy E, [GeV]

DJI> eXpecf Zoo /. arge dn/\SoZ‘rop/e\S '

TeV Particle Astrophysics 2007, August 2007, Venice 4 Karl-Heinz Kampert



Knee by change of hadronic interaction ?
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Energy spectra

& Gomposition




Direct Measurements: RUNJOB, JACEE, ATIC...

47 TMAX VYV MUBEE
AN AMS 4 /1 SOKOL

€ BESS B[ JACEE

E¢>7 dI/dEg [m2sr'lsec’'GeV/n'-]

101 10° 10! 10° 10° 10° 10° 10°
kinetic energy E( [GeV/nucleon]

e proton above 10*° eV detected !
e p-spectra agree

Hareyama et al.,
ICRC 2005, Pune
(final results
of RUNJOB)

e He spectra almost a factor of 2 lower in RUNJOB

¢ slopes are almost parallel: E~%7-28

e all-particle in RUNJOB ~ 40-50% less than in JACEE & SOKOL
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Energy & Mass from EAS by KASCADE

CORSIKA Simulations Data

hydrogen

carbon

Islands of
fixed E& M

N
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coupled Fredholm-Equations
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E-spectra from KASCADE

Unfolding with QGSJet01
GHEISHA 2002 for low energy interactions
Antoni et al., APP 24 (2005) 1
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E-spectra from KASCADE

Unfolding with SIBYLL 2.1
GHEISHA 2002 for low energy interactions
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Antoni et al.,, APP 24 (2005) 1
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More CNO & Iron with Sybill based unfolding
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E-spectra from KASCADE

Unfolding with EPOS
GHEISHA 2002 for low energy interactions
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Effect of low-energy Model

Unfolding with QGSJet01
GHEISHA 2002 and Fluka for low energy interactions

QGSJet 01, 0°-18°
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Antoni et al., APP 24 (2005) 1
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2?E/ZoOorE/A?
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EAS-TOP & MACRO (TeV pus)
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GAMMA @ Mt. Aragats

arXiv:0704.3200
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GAMMA @ Mt. Aragats

Underground Muon Hall
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The CR Energy Spectrum
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Proton Primaries: direct and EAS data
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direct and EAS data are of similar uncertainties
in which they agree well
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Proton Primaries vs
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Proton Primaries vs
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Helium Primaries: direct and EAS data
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¢ Uncertainties are significantly larger than for protons
e KASCADE (with QGSJET) may be a little high
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Helium Primaries vs
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Helium Primaries vs
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Iron Primaries vs
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All-Particle Spec. & Composition
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stillmore data being
. - - analysed, LHC will
Even with much improved EAS data, i

the origin of the knee remains uncertain,
mostly due to large uncertainties in
acceleration/propagation models

how to improve on
this side ?
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@ Is there a 2" Knee ?
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- be indicative for a Fe-dominated
;ji; composition @ ~ 107 eV

| expect 8-1016-2:107 eV (SNR vs CB)
e e e e observed  ~ 4-10'7 eV...
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@ Is there a 2" Knee ?
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KASCADE-Grande @ FZ-Karlsruhe
~ 0.5 km2 coverage
electron & muon counting

SRR I 11 @ South Pole ¥ |
z TN ~ 1 km2 coverage
. ) o PR e -

— = =lllLl | charged particles at ground
. — 500 GeV muons in ice

A |
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KASCADE-Grande LDFs

—lateral density distribution
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KASCADE-Grande Nch-Spectrum
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© The Ankle Region Galactic = Extragalactic ?
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© The Ankle Region Galactic = Extragalactic ?
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© The Ankle Region Galactic = Extragalactic ?
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Ankle: composition helps to discriminate models?
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Xmax distribution
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Xmax distribution
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Pure e+e- dip model in question
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Cosmogenic Neutrinos to probe p-dip model ?
Takami et al., IarXiv:O7O4.O97?
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Concluding Remarks

» Vast progress on experimental data from knee to GZK-
region ! ... still more to come in near future

» Quality of data from EAS arrays suffer from interaction
models. ... LHC-forward expts will help here

» Progress also in acceleration & propagation models
... but present uncertainties still too large
... how to improve, what data is needed ?

» Second knee suggestive but remains to be proven

» Ankle clearly oberved, but origin to be verified by
composition studies, ... again very model dependent

» HEAT & TALE will address this question

r
Knee & Ankie region IS now a target of high resolution studies
. Need to know their origin for a convincing picture of GR origin

N

y
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