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Lessons from the heliosphere: Fluence
of oxygen from ACE 1997-2000
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Heliosphere Il

Several kinds of events contribute
— Typically power law with exponential cutoff
— Different values of E__,
— High energy events less frequent

Overall spectrum is a power-law with a knee
Galactic cosmic rays

— High-energy population

— Steady rate

Expect a similar situation with cosmic rays:
— Several types of sources with various E__,

— Smoothed over Galactic propagation time

— High energy extra-galactic population, also with multiple
contributions

Kachelriess, Lipari: anisotropy, connectivity, stochasticity ...
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ARGO YBIJ all-particle
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ARGO-YBJ p + He
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Change 15t knee from 4 to 0.7 PV
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To do:

1) Try to fit by adding another population

2) Calculate corresponding spectrum of nucleons
and check muon flux
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lceTop spectrum: two analyses
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KASCADE-Grande:
heavy knee, light ankle
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Global view

104 T T T T T

5 : IT-3 yr F—+—

2 m"'""'h-.,+ TA2013 ——

% 10° | Auger2013 +—e— E

(D n ]

1-0) _._**

ol "

7] .

NE102 3 ’.ii _E

= | P ]

L I *33

o x; *

> :‘zz;fi ¥

210" | 1] 4

o - { :
3 i
4 l:

100 L ! | ! | ! Lol ! Lo
100 10" 10'® 10'° 1020
Eprimary (eV)

23/9/15 Tom Gaisser, KIT



Composition > EeV
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p fract

Auger, p, Fe only
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Are active galaxies sources of UHECR?

Probably, but where?.

Near central BH or at
termination shock?
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Muons in air shower

E~ N, + 25" x N, (Jim Matthews)

Should be simple

Apparently not so

Too many muons at Auger (compared to sims)
Differences between event generators

Tension between IceCube coincident analysis
and light composition approaching EeV
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1950-52 in a salt mine at 1574 m.w.e. in Ithaca, NY with 4
surface detectors and 1 m? muon counters underground.
Acceptance: ~ 0.01 m”2 sr: Barrett, Bollinger, Cocconi,
Eisenberg, Greisen, Revs. Mod Phys. 24 (1952) 133-178
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SPASE — AMANDA: AQ ~ 100 m?sr
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Spectra of 4 elemental groups
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lceCube/lceTop
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Compare <{n(A)>

—— TA, preliminary
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lceCube Gen?2 arXiv:1412.5106

125 m string spacing — 250 m

1 km? area —> 6 km?

Aperture: 0.26 km? sr > ~10 km?sr
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Concluding remarks

e Structure in the spectrum
— Hardening around 101%-2 eV
— “Second knee” steepening around 1073 eV

e Surface muons:
— Pgoo betWeen p and Fe to 101°> eV
— TeV muons?



Extras: anisotropy if time
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Surface muons in IceTop: the idea

Use the fact that we know
very well the signal of
muons in tanks from our
calibration procedure.
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Look for the muon signal to appear in the periphery
where the expected em signal is <1 VEM
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H. Kolanoski, for IceCube, ICRC Beijing, 2011
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Implementation™

r/m
20 50 100 200 500 1000
3.0+ A ‘ .
25
201
151
1.0
0.5
0.0
—0.51
1.0 i i
14 1.6 1.8 2.0 2.2 24 2.6 2.8 3.0
logy(r/m)

log,,(S/VEM)

22500
20000
17500
15000
12500
10000
7500
5000
2500

*Javier Gonzalez, ISVHECRI 2014 (arXiv:1501.03415)
Hans Dembinski, ICRC 2015
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How the muon density is extracted
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