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Traditional image of the CR energy spectrum
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The essence of the Single Source Model
of the knee is the non-uniform,
stochastic distribution of CR sources in
space and time.

The knee is due to the contribution of
the nearby and recent supernova
explosion.
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Single Source Model of the Knee

( basic idea)
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The main arguments for the Single
Source Model of the Knee are:

*its sharpness
* fine structure of the spectrum
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Fine Structure of the Knee

jin the ‘Single Source Model

in Cherenkov light spectra

in EAS size spectra
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SINGLE SNR MODEL OF THE PRIMARY COSMIC RAY ENERGY SPECTRUM WITH HE IN THE KNEE

[ full line: with the Single Source
- dashed line: without the Single Source
[ dotted line: SSM with O dominating in the knee
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New data after 2001

* Tibet — 1l (e)

* Gamma e+

* Maket-ANI (e)

* KASCADE (M)

* Yakutsk (C)

* Tunka (C)

* Gamma 2002 (e)

* KASCADE-Grande (e+p)
* MSU (e+u+C)

* Andyrchi (e+p)




GAMMA 2011
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KASCADE-Grande

KASCADE-Grande

all-particle energy spectrum
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~10% systematic uncertainty in flux (energy independent)

QGSJET Il hadronic interaction model
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» spectrum not describable by a single power law at 10'6-1078eV
» hardening of the spectrum above 107%eV
- small, but significant steepening close 10'7eV M.Bertaina et al, ECRS 2010




lce-Top 2011

Zenith angle depenaence of shower size

Iron assumption
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Yakutsk 2011

Yakutsk
KASKADE Grande N u / Neh
KASKADE Grande s(500)

‘Within the energy range (5-8)*101¢eV there is a small peak generated by primary iron nuclei’
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Confirmation of GAMMA results by other experiments

PRIMARY ENERGY SPECTRUM FROM 10 EAS ARRAYS
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Fine structure of the primary CR energy spectrum in the knee region
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Comparison of the observed spectra with expected from Galactic Diffusion Model

PRIMARY ENERGY SPECTRUM FROM 10 EAS ARRAYS
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Deviation of the observed CR intensity
from that expected
in the Galactic lefusmn Model
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Energy spectrum of CR from the Single
Source
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Fig. 3. The energy specitriuum of the single sowurce and irs
inrerprerarion. The full line denored as BGRD is the backgrownd
spectrum. Dorted lines are best-fir conrriburions from five
cosmic-ravmass groups: P, He, CNO_ M and Fe. The full line
denored as SS is the sum of these five componenits.




Energy spectrum and mass composition of cosmic rays from t

single source and Vela pulsar

ENERGY SPECTRUM AND MASS COMPOSITION OF CR FROM THE SINGLE SOURCE AND VELA PULSAR
Code: Sss_M.icl ( experimental points from TUNKA and HiRes )

T T T T T T T T T T T T T T T T T T T T T T T T T
- ® — TUNKA-25 .

| O — TUNKA—-133
x — HiRes TOTAL

6 6.5

log(E%), m~2s~'sr™"GeV?

5.5




Mass composition of cosmic rays

AMBIENT INJECTED SINGLE SOURCE
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Note the similarity of injected and single source CR mass compositions
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<InA> vs Energy
( K-H.Kampert & M.Unger, 2012, Astropart.Phys.,35, 660 )
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Iron spectrum (iron knee)
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lIron percentage
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Conclusion

Deviations from the smooth fit
in the new data confirm the
irregularity at log(E/E,)=0.5-0.6

(‘CNO peak’) and reveal the
possible existence of the peak at
log(E/E,)=1-1.2 (‘Fe peak’)
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P.N.Lebedev Physical Institute, Mosco ussia



Conclusion

If the ‘Iron Peak’ is a real feature,
its origin is most likely the end
of contribution of Single Source.

The background of Galactic CR
continues further up to the ankle.

P.N.Lebedev Physical Institute, Moscow, Russia



Thank you for your attention
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