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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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PAMELA /ATIC/ CREAM
reveal rigidity dependent
spectral breaks

and

remarkable hardening
after the breaks

Perfect demonstration
of Peters cycle:

When protons accelerated
to EP, ., a nucleus with Ze will be

accelerated up to
E? .x=2xXR=ZxEP,

where magnetic rigidity
R = Pc/Ze

Bernard Peters 1961
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Spectral Indices of the hard component
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<InA>

Fit the elemental spectrum
with Gaisser’s formulation

of Peters cycle

E—-E AETe =

elements

Amplitude
14 spectral index

E,..p cut-off energy

Above the knee use <InA> as guidance
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Amplitudes and indexes of all elements are defined by the Creamll data. Only the cutoffs need to be fit.
Fe spectrum is the key to the whole puzzle.

The Cream Fe data, when extended with the same index up to an energy where it makes 100% of the all
particle spectrum, defines the maximum cut off energy for Fe.

This point turns out to be 20.8 PeV.

If Fe cuts off at 20.8 PeV =» Proton will cut off at 20800/26 =800 TeV
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However

<InA> data tells us
the knee is not 100% Fe.

Since the amplitudes are locked
by the Cream data,

the only way to fit <InA> is

to bring the cutoff energy down

and fill the rest with elements
of a new Peters cycle
(a new population of particles)
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<InA>

insert another Peter’s cycle

overlapping with the previous

one until the best agreement

with InA is reached

and constrained by the spectrum
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10" 2 PeV < E2.,,:< 4.5 PeV with

much harder spectral indices

T =23 1 =22
Yevo ==20 75 =-2.0 -

The comic ray knee is the
intersection of two different
source populations
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EP o = 120 TeV

EFe o = 26 X 120 TeV = 3.1 PeV

7

The CR Knee

Cycle 2 alone

EP s = 4 PEV

EFe s = 26 X 4 PeV = 104 PeV



Proceed with the same method to inject another Peters cycle for UHE

Try to fit Auger’s composition as Cycle 3

However, a gap is left between Cycle 2 and 3 and InA turns to light too soon. There has to be
some heavy elements at least upto 300 PeV.
= include ultraheavy element groups as extension of Cycle 2
(as inspired by the lowE GCR measurements)
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Auger fits to standard Peters cycle
with Proton cut off at 2.1 EeV (index=2.6)

No Helium could be accommodated
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Oxygen is dominant,

but there has to be some Si and Fe as well
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BUT: There is an EXTRA Proton
which is not part of the standard cycle
=>» this Proton cuts off ~ 20 EeV (index=2.0)
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<InA>

Fractions

Compare with the Auger results: best performance is with EPOS-LHC
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Compare Auger and TA
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Auger sees heavy elements
under extra-galactic Proton
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TA sees all extra-galactic Proton
( are the elements there
in undetectable levels? )
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A source population which cuts off

around 100 GeV will explain the PAMELA break,
which is the overlap between this population

and the harder classic supernovae

component setting in.

There is yet arfother
Peter’s cycle here
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Fig. 3. Proton and gamma-ray spectra determined for IC 443 and W44. Also shown are the broadband
spectral flux points derived in this study, along with TeV spectral data points for IC 443 from MAGIC
(29) and VERITAS (30). The curvature evident in the proton distribution at ~2 GeV is a consequence of
the display in energy space (rather than momentum space). Gamma-ray spectra from the protons were
computed using the energy-dependent cross section parameterized by (32). We took into account
accelerated nudlei (heavier than protons) as well as nuclei in the target gas by applying an enhance-
ment factor of 1.85 (33). Note that models of the gamma-ray production via pp interactions have some
uncertainty. Relative to the model adopted here, an alternative model of (6) predicts ~30% less photon
flux near 70 MeV; the two models agree with each other to better than 15% above 200 MeV. The
proton spectra assume average gas densities of n = 20 em™> (IC 443) and n = 100 cm~> (W44) and
distances of 1.5 kpc (IC 443) and 2.9 kpc (W44).



-1—#- Proton
~#- He

0

Si
1-® Fe
{— Z=53 group

N
o
o]

N
o
(&)

........................................

.................................................

E° x dI/dE [GeVZ m2 sr's]

ISR (S
10°  10°
Primary Energy,

Ay

The classical supernovae
cutting around 100 TeV

Massive stars, circumstellar ejecta
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An outburst from a massive star 40 days before a
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Fast spinning more massive stars
beamed structure
=» Pulsar Wind Nebula systems

Newborn Pulsars
as Sources of UHECRs

KF, Kotera & Olinto, ApJ, 750118, 2012



Observation of High-Energy Astrophysical Neutrinos in Three Years of IceCube Data

arXiv:1405.5303v2 [astro-ph.HE] 2 Jul 2014
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surement and scaled to match the total measured backgro¥g
rate. Atmospheric neutrinos and uncertainties thereon are d

rived from previous measurements of both the /K and chari{yl

components of the atmospheric v, spectrum [9]. A gap large
than the one between 400 and 1000 TeV appears in 43% of
realizations of the best-fit continuous spectrum.
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FIG. 3. Arrival angles of events with Egep > 60 TeV, as used
in our fit and above the majority of the cosmic ray muon back-
ground. The increasing opacity of the Earth to high energy
neutrinos is visible at the right of the plot. Vetoing atmo-
spheric neutrinos by muons from their parent air showers de-
presses the atmospheric neutrino background on the left. The
data are described well by the expected backgrounds and a
hard astrophysical isotropic neutrino flux (gray lines). Col-
ors as in Fig. 2. Variations of this figure with other energy
thresholds are in the online supplement [29].

~ 1-2 PeV neutrinos as secondaries will come
from ~ 20-40 PeV region of CR spectrum



6 source populations explain the observed CR spectrum and <InA>

Source 1: The Sun (cutting off around 10 GeV)
Population 2: Old SNR (~10-20 kyrs old, e.g. 1C443, W44, W28 ), cuts off ~100GeV
Population 3: The classical supernova cutting off around 100 TeV, ~1-3 in 100 yrs
Massive stars, circumstellar ejecta
Population 4: “Galactic PeVatron”: PWN/Hypernovae, 1 in 1000 yrs =>» TeV —PeV neutrinos
Fast spinning massive stars with mass 20-50 M, beamed structure

found in star forming regions, live wild, die young,
leave a fast spinning pulsar behind

Population 5: “Galactic EeVatron”: Hypernovae/GRB, 1 in 10000 yrs =>» PeV neutrinos
Population 6: extragalactic Proton: superposed on population 5 = PeV neutrinos

lceCube’s TeV-PeV neutrinos are a mixture of Pop4 + Pop5 + Pop6 (galactic + extragalactic)



