Description of CR data from 200GeV to 200EeV:
update on Global Fit (GST)

with the latest composition results from experiments
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It is essential to describe the observed features of the CR spectrum and
mass composition in order to extract IceCube’s astrophysical neutrino
signal out of the background of atmospheric neutrinos
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When looked in detail the CR spectrum is not a simple power law

Direct Measurements Indirect Measurements
Satellite, Balloon Air Shower Experiments
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GST-2013 [arXiv:1303.3565 Gaisser, Stanev ,Tilav]
is a data driven phenomenological fit to the CR spectrum and <InA> together

Inspired by the rigidity dependent spectral breaks
and the hardening observed in elemental spectra

above ~200 GeV This hard component has to cut somewhere
much before the knee,
He Break Fe Break otherwise the knee becomes all Iron!

Proton Break .
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Above the knee use <InA> as guidance
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E° x dN/JE [GeVZ m2sr s]

Spectral Indices of the hard component
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— [ e Proton Fe spectrum is the key to the whole
n = puzzle.
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O, [ ‘ the all particle spectrum, defines
It 10° the maximum cut off energy for Fe.
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X This point turns out to be 20.8 PeV.
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104 S0 SNSRI SV R § S If Fe cuts off at 20.8 PeV
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Primary Energy, E [GeV] 20800/26 = 800 TeV

However:
<InA> data tells us the knee is not 100% Fe.
A =>» the cutoff energy has to be lower
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Wealth of new data since 2013
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Proton Measurements
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- sea level (1022 g/cm?)

- Scintillator/ muon
detectors on surface

— - uses EM

and GeV muons

Tunka
- 938 g/cm?
- wide FOV
air Cherenkov array
- measures X and
photon distribution
on surface

__|IceTop/IceCube

- 680 g/cm?

_| - ice Cherenkov tanks

on the surface => EM

| and TeV muon bundles

at 1.5-2.5 km dept in ice



Proton Measurements and the fit

E%" x dI/dE [GeV'' m2 sr's1

—_
o
>

—_
o
w

—_
(-
N

y=2.67
Ecutofi=120

y=2.3 y=2.5

TeV E

«=7PeV E

«=2.1EeV E

y=1.5
=17 EeV

i | —%— Tunka-25 + Tunka-133 2013
] —*— HiRes 2
| —4— TA2013

] —e— Tun

—=e— Cream Proton

— —+#— Kascade-Grande Proton |

— —<=— Auger Proton

ka Proton

I —a— |ceCube/lceTop Proton ________

llllll | lllllllI | llIlIlII | Illlllll | Illlllll [

cuto cuto cuto cuto
S e e e e Tibet lll 2008
A RO S B YWHUUINR ISR WSSSSS—— | e Argo-vBIG1+G4 2014
R S BB RS e e Kascade-Grande_Sibyll 2013

Illll

| lll[llll | llIIIlI ]

10* 10° 10° 10" 10°
Primary Energy, E [GeV]

10°

1010 1011



He Measurements
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Measurements and the fit
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CNO Measurements and the fit
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CNO Measurements and the fit

y=2.0
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Fe Measurements
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Fe Measurements and the fit
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Proton and He Measurements
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Proton and He Measurements and fits

ARGO P+He and GST-2015 P+He fit
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Here is the resulting picture: WAY BEYOND THE STANDARD MODEL
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Concluding Remarks:
1st population: Classical Supernovae cutting off around ~100 TeV
2nd population: Much harder ~2.3 spectral index
A different source population or a boosted version of
the ambient supernovae particles???
3™ and 4t population: Are they really extra-galactic???
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