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IceTop detects the low energy muons far away
from the shower axis

(E > 200 MeV, r > 300 m). 1.0
0.8-
Number of muons is related to the
mass of the primary cosmic ray. __ 06
=

~—_

The muon number is expected to scale
roughly as a power of the primary energy: 0.2

E \"™
N,(r) < A <A€w> pu ~ 0.78

Mass number A, primary energy E,
(0.83 in Akeno)
Parameters are model dependent

Before We Begin...
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Discrepancy with simulations
claimed by Pierre Auger coll.

Aab et al. PRD 91, 032003 (2015)

We will look at the energy dependence of the muon density at a

fixed reference radius for near-vertical events.




The IceCube Collaboration
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The IceCube Detector

IlceTo

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

324 optical sensors

IceCube Lab \

IceCube Array

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

5160 optical sensors

December, 2010: Project completed, 86 strings

1450 m
DeepCore
/8 strings-spacing optimized for lower energies
480 optical sensors
Eiffel Tower
324 m
2450 m
2820 m
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Deployed in 6 seasons, completed configuration: 2011-12



a UNIVERSITY of DELAWARE IceTop event

(recap)
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Single-tank Signal Calibration

(VEM Calibration)
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Example of a VEM calibration histogram for a particular
tank, high-gain DOM in tank 61-A.
lceCube Collaboration, ICRC 2011, Beijing
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Charge-Distance to Axis Distribution
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UNIVERSITY of DELAWARE Detector Response to Single Muons

Track length distribution

Signal probability distribution:
p(S11.6) = [ gK(SIa

K(S|p,0,\) = —exp (A(Q,u + Ao? — 25)) x erfc (

A
2

Detector response
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B. Kegl, D. Veberic, Auger note (2009)
http://arxiv.org/abs/1502.03347
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UNIVERSITY of DELAWARE Response to Multiple Muons

Single muons, various angles
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Few muons, fixed angle (~10°)
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Expected number of muons response to a number of muons




UNIVERSITY of DELAWARE Comparison to Geant4
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Data points: Tank response simulated with Geant4
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Getting the Muon Density
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Determination in Radial Bins
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&) UNIVERSITY of DELAWARE Some Systematic Effects

Energy Uncertainty 11%
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(old plots to illustrate the point)
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&) UNIVERSITY of DELAWARE Some Systematic Effects
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lceCube collaboration, ISVHECRI 204, arxiv:1501.03415
Abu-Zayyad et al. [HiRes-MIA~Collaboration] Phys. Rev. Lett. 84, 4276 (2000)
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Abu-Zayyad et al. [HiRes-MIA~Collaboration] Phys. Rev. Lett. 84, 4276 (2000)

Muon Number Vs Energy



Muon Number Vs Energy
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Conclusion

With IceTop we can measure the average number of muons at large
distances from the shower axis. We used 600 m at this time.

— High-resolution measurement of muon density from 250 m to 1000 m
— No air shower simulation input (except conversion S125 <> energy)

We draw no conclusion regarding primary composition.

— pu(600m) in vertical events bracketed by p/Fe showers simulated
with CORSIKA + Sibyll-2.1/EPOS-LHC/QGSJetll.04 + Fluka

(Dis)Agreement with IceCube/lceTop combined analysis can point to
hadronic model effects, but a self-consistent analysis remains to be done.

Systematic uncertainties under study:

— EM contribution. A change in parametrization can alter the result.
— Snow can introduce small effects in threshold.

— Checks with air shower simulations.
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