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Deployment history

2002: proposal
2003-04 staging
2004-05 1 4
2005-06 9 16
2006-07 22 26
2007-08 40 40
2008-09 59 59
2009-10 79 73
2010-11 86 El
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Deep strings

1450 m
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Surface stations
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Aperture for coincident events:

AQ = 0.26 km?sr //’ \‘

g .
*7", / Atmospheric muons
Tom Gaisser, CRIS20¥5 6
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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, P re_ h IStO ry

Eisenberg, Greisen, Revs. Mod Phys. 24 (1952) 133-178
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SPASE — AMANDA: AQ ~ 100 m?sr
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Fig. 1. SPASE/AMANDA coincidence event from 1997 data.

Composition at the knee with SPASE-2/AMANDA B10,
Astropart. Phys. 21 (2004) 565-581
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Shower reconstruction in IceTop
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Attenuation due to snow
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Simulations

Mean primary E for given S, . Muon energy loss (GeV/m)

. o7 at 1500 m for p and Fe
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Composition from coincident events

e Select events contained in IceTop + deep array

[ Run 116545 event 58761981 |

* Reconstruct trajectory

— Find S, of shower at surface for|
— Measure dE/dX in ice

e Construct neural network |

dE/dX (GeV/m)
\
1
I

1400

— Input: 5 variables, S;,:, 0, dE/dX@1500 m,
stochastic losses (big), stochastic losses (small)

— Output: primary energy, index for mass



Composition from neural

Construct template histograms of NN primary mass

Within each bin of reconstructed energy, compare
templates for Monte Carlo (four types: H, He, O,

Fe) \

Run experimental data through the same NN
procedure, and find the fractions of each
element that best reproduce the template
histogram of the data.

Katherine Rawlins, IceCube, TAUP 2015

network
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Compare <{n(A)>

—— TA, preliminary
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—=— Yakutsk
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Kampert & Unger,
Astropart. Phys. 35

(2012) 660-678
Red points:

1

. 0
lceCube prelim
T.Feusels thesis, | | | |
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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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Implementation™
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How the muon density is extracted
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Muon density at 600 m
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Spectrum
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Spectrum comparison
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Structure in spectrum

10% T T T T
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1Prosin et al., NIM A756 (2014) 94-101
2 Apel et al., Astropart. Phys. 36 (2012) 183-194

Similar structure in TALE + TACherenkov

15/9/15 Tom Gaisser, CRIS2015 25



15/9/15

(m'zsr'1 s'GeV' '5)

E2°dN/dE

GIobaI view of spectrum

10 3 T T ' T T ™
[ + IT-3 yr —+—
, o, TA2013 —v—
10° E \\ Auger2013 —e— E
e,
e
oC
102 3 ‘.ii E
II‘:'
‘xz¥
zo*z;i
1 i Y
10" | ]S
= { :
- ]
4 l:
100 II16 I I II17 I I II18 I I II19 I I II20
10 10 10 10 10
Eprimary (eV)
Tom Gaisser, CRIS2015 26



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 1062 eV
— “Second knee” steepening around 1073 eV

e Surface muons:
— Pgoo PEtWeen p and Fe to 1016 eV
— Excess muon problem begins at higher E?

e Coincident analysis:

— Energy spectrum independent of composition
assumptions

— consistent with IceTop only spectrum, which has
much higher statistics

— increase in <{n(A)> from 10*3to >1017 eV



Extras: anisotropy if time



IcCECUBE

COSMicC ray anisotropy

equatorial coordinates

Sky-map with HAWC is
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Amenomori et al., ICRC 2011
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Milagro + IceCube TeV Cosmic Ray Data (10° Smoothing)

o

0
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Abdo et al., PRL, 101, 221101, 2008
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Abbasi et al., ApJ, 740, 16, 2011
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