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Standard disclaimer

• Sorry for all those nice results that will not appear 
on the slides. As usual some selection was needed 
due to time constraints….. 

• I will focus mainly on composition and spectrum.
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CREAM 
ARGO/LHAASO 

IACT 
HAWC

KASCADE-Grance 
ICE-TOP/ICE-CUBE,TUNKA 

Radio

Auger, TA
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Light-component spectrum of CRs  
measured by ARGO (5-250 TeV)

Vulcano Workshop 2010 G. Di Sciascio 11

Measurement of the light-component (p+He) spectrum 
of primary CRs in the energy region (5 – 250) TeV via a 

Bayesian unfolding procedure

CNO < 2%

ARGO data agree with 
CREAM results

Evidence that the proton 
spectrum is flatter than in the 

lower energy region

CREAM p+He EAS-TOP + MACRO

Horandel p+He

CREAM p

CREAM He

ARGO preliminary

p

He
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H He CNO

QGSjet01/FLUKA

QGSjetII/FLUKA

SIBYLL/FLUKA

EPOS1.99/FLUKA

KASCADE

106 107 108 Primary energy (GeV)

M. Fingler, PhD thesis
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Average power low index  
of different mass groups (γ) 
Heavier primary spectra harder   
➔     Ek ∝  Z ?

γl > 3.1

γCNO ~ 2.75
γFe=2.3–2.7

Astrop. Phys. 21 (2004) 583

EAS-TOP Ne-Nµ (GeV)

Astrop. Phys. 20 (2004) 641

L = p + He H = Mg + Fe

EAS-TOP/MACRO Ne-Nµ (TeV)

EAS-TOP (2005 m a.s.l.)  & MACRO 
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Knee due to the 
light elements

GAMMA: Mt Aragats,  
Armenia 3200 m a.s.l.  
(~700 gr/cm2)

Astroparticle Physiscs, 28 (2007) 169
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KASCADE-Grande Ankle-like feature on the el. rich sample

Phys.Rev.Lett. 107 (2011) 171104 
Phys.Rev.D (R) 87 (2013) 081101 



19



20

K parameter as a function of Energy (bin 1-2) 
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Mean mass composition

1. Composition before the knee and in the knee is light 70% of p
+He, 30% of others. 

2. Composition at 3·1016 is heavy 30% of p+He, 70% of others. 

V. Prosin, Highlights of 
Astroparticle Physics 
Torino, 2010

TUNKA-25 Cherenkov array,  
Siberia 
675 m a.s.l.
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Cherenkov light:  H.E.S.S. 
Iron: 15 – 150 TeV

Cherenkov Light ∝ Z2

Aharonian et al., 2007

Good agreement with other exper. 
● Hadronic model ≈20% on normal. 
● Power-law Index 
QGSJET= 2.62 +- 0.11 
SIBYLL= 2.76 +- 0.11
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RESIDUAL PLOTS – UNFOLDED DATA
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2nd knee

D.R. Bergman & J.W. Belz, J. Phys. G: Nucl. Part. Phys. 34 (2007) R359–R400

Global fit Fly’s Eye E scale: 

Log10(E/eV) = 17.52 ± 0.02 
γbelow = 3.02 ± 0.01 
γabove = 3.235 ± 0.008

K-Grande
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The situation of direct measurements seems to be quite consistent (see PAMELA, AMS 
and CREAM) with very low systematic uncertainty (a few %). 

Around the knee experiments tend to say that the knee is due to light elements. May be 
the knee is more complex than what we imagined (knee of H around 1 PeV and the main 
knee is more He dominated, or different populations making knees around a few 10^15 

eV). 

KASCADE-Grande, ICE-TOP/ICE-CUBE and Tunka show that at 10^17 eV we are 
dominated by heavy particles and show knees in the heavy components. 

Light ankle at ~2x10^16 eV is now quite well established (it is something we became 
aware only a few years ago). 

I think we have to pay attention and distinguish between ‘heavy-knee’ in the all particle 
spectrum and ‘2nd knee’. 

We have indications of a flattening of the light component around 10^17 eV. May be it is 
the first sign of an extra-galactic component, but still to be understood. 

Still some contradiction on the composition around 10^18eV. HEAT (Auger) indicate a 
clear transition from heavy to light between 10^17 eV and 10^18 eV while Tunka and 

IceCube show a less pronounced effect.

CONCLUSIONS 
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Above between 17.5 < logE < 19.3 Auger and TA show very similar spectrum. Above still 
some differences: a question of statistics, systematics or a real difference in the original 

spectrum? 

It is interesting to observe that the experiments such as ICe-Cube and K-Grande overlap 
quite well in flux at a few 10^17 eV - 10^18 eV with Auger and TA. Their energy calibrator 
is MC. On the other hand in Auger and TA is fluorescence and we know that for TA there 

is a 1.27 energy scaling between MC and fluorescence. Why? 

Recent analysis reconcile the composition evolution between Auger and TA. May be still a 
preference for TA to consider the composition p-like, but not really a tension with Auger. 

A lot of progress in Radio observation. The technique is becoming more and more 
mature. 

CONCLUSIONS 
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Go back to data analysis…. and continue processing the data looking carefully at the 
possible systematics in our own analysis methods and detection technique. 

Radio technique is promising! Continue full-steam in Radio observation and 
understanding the methodology. 

Build LHAASO, Auger Prime and TAx4! 

As it was done between TA and Auger, try to define a common set of simulations to 
cross-check results of different experiments  between 10^16 to 10^18 eV (natural 

choices EPOS-LHC and QGSjetII-04). 

Continue the common work between Auger and TA to understand more deeply the 
remaining differences: are they real or still in the systematics?

HOMEWORK
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THANK YOU


