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The IceCube Detector
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1450 m

2450 m

2820 m

125 m

IceTo

81 Stations, each with
2 IceTop Cherenkov detector tanks
2 optical sensors per tank

324 optical sensors

IceCube Array

86 strings including 8 DeepCore strings
60 optical sensors on each string
5160 optical sensors

December, 2010: Project completed, 86 strings

DeepCore
8 strings-spacing optimized for lower energies
480 optical sensors

Eiffel Tower
- 324m

2835 m above sea level
(692 g/cm?)

Diffusely reflecting liner
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lceTop Spectrum Summary
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We measured the energy spectrum in 1.58 PeV to 1.26 EeV energy range.

The spectrum does not follow a simple power law above the knee up to 1 EeV.

We observe a spectral hardening at 18+2 PeV.
(124800 events expected, 139880 observed)

The spectrum steepens at 130+£30 PeV.
(4213 events expected, 3673 observed)

Phys. Rev. D 88, 042004 (2013),
URL: http://link.aps.org/doi/10.1103/PhysRevD.88.042004
DOI: 10.1103/PhysRevD.88.042004

5



UNIVERSITY of DELAWARE Systematic Uncertainties

3 PeV 30 PeV
Energy scale (VEM calibration) +4% +5%
Snow Correction A =2.1+£0.2m +5% +6%
Interaction models (a) -2% -4%
Composition (b) 7% 7%
Ground pressure (c) 2% +0.5%

a From the difference between QGSlet-11-03 and SYBILL 2.1.
b Fixed for all energies. Given by the differences between spectra at different zenith angles.
¢ From difference between high/low pressure sub-samples (690 hPa/670 hPa).
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E UNIVERSITY of DELAWARE Types of Muon Events in IceCube

High Energy Muon High Multiplicity Muon Bundle
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Types of Muon Events in IceCube

High Multiplicity Muon Bundle
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UNIVERSITY of DELAWARE Primary Composition
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Composition Systematics
Light Yield
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UNIVERSITY of DELAWARE

Composition Systematics
QGSJetll-03

'r n T T T Ill"l T T T Illlll T T T 'Illl— 'r n T T T llllll T T T llllll T T llllll_
o - IceCube Preliminary - o - IceCube Preliminary
: - s ~ n
R “"aa 4 Tk ""aa .
= C ¥ " !ii - > = !ii »
8 ¢ 143 - H
S I Byt 1 B | ]
28 RS 28,
S0 F T 3 S10F E
T I - :
zﬁJ " & proton ] o N ]
llll 1 1 L L1 lll — 1 L LL L1 lll e 1 1 lL_L_L__L_L L LL
10 . 10 0° 107 108 0°
anaryoEnergy(Ge\)) PrlmaryOEnergy(Ge\J)
'r N T Al T Illlll T T T llllll T T T lllll_ 'r N T L T llllll T T T Illlll T T T lllll_
o - IceCube Preliminary ] o - IceCube Preliminary
o(?i = 'K - wa - -
';E . .l. F'E ia l..
% 10° iiﬁﬁi! 'i” "= 5t 3 %, 10° §11, -5z i ..ﬁ e
- 1 § 7Y L - .3 ag ¥
6 } If ! i1 o f{ LR L $ i{ﬁ
© i T : I 17 o i }
28, . 28 i
Jo F - 1= F .
o [« oxyger [ i o [ & iron i
1 ll - lll 1 1 I ll e 1 1 llll

7 7

L 1l sl L1
8 9 8 9
Primar;loEnergy(Ge\))0 Primar;loEnergy(Ge\J)0

QGSJetll-03 energy spectra in light gray. 15



Composition Systematics
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Composition Systematics
Energy Scale
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3) UNIVERSITY of DELAWARE

Composition Systematics
in mean log(A)
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) UNIVERSITY of DELAWARE Other Experiments
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&) UNIVERSITY of DELAWARE Mean In(A) Comparison
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Mean In(A) Comparison
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ﬁ UNIVERSITY of DELAWARE Getting the Muon Density
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(8) UNIVERSITY of DELAWARE
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) UNIVERSITY of DELAWARE Determination in Radial Bins
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Comparison with Simulation
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Two-LDF Reconstruction
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Conclusions

* We have determined the energy spectrum from 1.58 PeV to 1.26 EeV with
unprecedented statistical accuracy. Spectral breaks at 18+2 PeV and 130130 PeV.

* The combined IceCube-IceTop analysis shows a clear trend toward heavy primaries.

 With IceTop we can measure the average number of low-energy muons at large
distances from the shower axis.
We use 600 m as reference distance at this time. 800 m will be used in near future.

 Measuring the differences between low-energy and high-energy muons in air
showers can help constrain hadronic models.

 New possibilities for inferring primary mass: 2 LDF.

* The extent to which we can estimate the number of muons event by event is under
study.
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