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Process, value, parameter Uncertainty of:
1991 1997
Theoretical
Extrapolation of o (©) 2% 1%
Bremsstrahlung and pair 2.5% <1%
production on atomic electrons
| Nuclear size correction for 3% <1%
Muon cross sections are known to the muon bremsstrahlung
perce nt level Fluctuations of energy loss due 2% <1%
to pair production
What effeqts do small changes of the 40D - dependence of - 1-2%
cross section have? photonuclear muon interaction
Are these effects measurable? Radiative corrections to pair - 1-2%
o _ _ production, bremsstrahlung,
Should the uncertainties be included in photonuclear interaction
the Systematics? Atomic formfactor accuracy - 1-2%
Experimental
Estimation of rock thickness:
Recent developments about uncertainties were - flat surface L ;;; ;20/
shown by Alexander Sandrock this morning. - frountatr overourden D 2%
Rock composition (Z/A4) 1-2%  1-2%
Total theoretical ~5%  2-4%
Total experimental 2-5%  2-5%
Grand total 5 7%  3-7%
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Thu Aug 13 11:45:31 2009

Searches for rare events
Glashow Resonance, v,

Depend on precise descriptions of
stochastic processes of muons as main
background

lceCube, Baikal-GVD, KM3Net, P-ONE
Cubic kilometer scaled detector
Long muon tracks inside the detector
Energy loss profile of high energy muons
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10TeV - 31.6TeV

Produce Simulation datasets differing in the
scaling of the Bremsstrahlung (Multiplier) 107
Reconstruct energy losses, propagation length 10-5
and energy for different resolution settings c
Create 5 energy loss distributions for the muon g 107
energy intervals [1, 2.15, 4.64, 10, 31.6, 100] TeV S o7
Interpolate the differences of the energy loss bins ;
between the Multiplier S 107°
Estimate the performance on a test set > L0-9 S
O 1 — lonization
' Pair Production
10-10 J —— Bremsstrahlung
] — inel. nucl. Interaction

103 104 10° 10° 10/
Energy Loss / MeV
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lceCube northern track sample of the
diffuse v, analysis
Mainly through-going Muons
Starting events with additional
hadronic cascade can be neglected
Almost 10 Years of Data

Roughly 245.000 events
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Muon Propagation with PROPOSAL (see
talk by Jean-Marco Alameddine on Friday)

Energy loss cut of 500MeV

Energy spectrum E-

Energy range [100GeV, 1PeV]

Max. Propagation Length [100m, 1km]

Reconstruction
3 resolution settings

Smear out energy losses per track segment

Smear out propagated length

Estimate the muon energy from the track
segments
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Truncated Energy Neural Network
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10 TeV 100 TeV 1 PeV 10 TeV 100 TeV 1 PeV
[0.90] u: 0.579 ¢: 0.931 [0.90] u: 0.004 0: 0.617 [0.90] : -0.063 0: 0.274 [0.01] : 0.646 0: 0.922 [0.01] u: 0.054 0: 0.606 [0.01] u: -0.028 o: 0.258
3000 - 1 [0.95]u: 0.577 0: 0.934 | A 1 [0.95] u: 0.002 0: 0.616 | 1 [0.95] u: -0.066 0: 0.272 1 [0.10] u: 0.644 o 0.922 1 [0.10] : 0.046 0: 0.607 1 [0.10] : -0.030 0: 0.259
1 [1.00] u: 0.579 ¢: 0.931 1 [1.00] u: -0.003 ¢: 0.613 1 [1.00] u: -0.067 o: 0.274 3000 - 1 [1.00]u: 0.579 0: 0.931 i 1 [1.00] u: -0.003 ¢: 0.613 i [ [1.00] u: -0.067 o: 0.274
. 1 [1.05]u: 0.571 0: 0.934 [ [1.05] u: -0.005 o: 0.612 1 [1.05] u: -0.069 0: 0.275 . 1 [10.00] u: 0.051 o: 0.937 1 [10.00] u: -0.410 o: 0.581 [ [10.00] u: -0.352 0: 0.345
g 2500+ [ [1.10]u: 0.566 6: 0.935 | | [ [1.10]u: -0.010 0: 0.612 | ] [ [1.10] u: -0.072 0: 0.276 9 5500 4 [ [100.00] u: -0.808 ¢: 0.837 | [ [100.00] u: -0.754 ¢: 0.659 | [ [100.00] u: -0.570 o: 0.644
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[0.90] u: 0.152 ¢: 0.488 [0.90] u: 0.014 ¢: 0.330 [0.90] : -0.023 0: 0.236 [0.01]u: 0.188 ¢: 0.487 [0.01]u: 0.051 ¢: 0.318 [0.01] u: 0.005 o: 0.227
3000 1 1 [0.95]u: 0.151 0: 0.492 | 1 1 [0.95]p: 0.0130: 0.332 | 1 1 [0.95] y: -0.025 0: 0.237 1 [0.10]p: 0.186 ¢: 0.485 1 [0.10]u: 0.0450: 0.321 1 [0.10]u: 0.003 0: 0.227
1 [1.00] : 0.150 0 0.491 1 [1.00] : 0.010 0: 0.335 1 [1.00] y: -0.027 o': 0.238 3000 7 1 [1.00] : 0.150 0: 0.491 1 1 [1.00] u: 0.010 0: 0.335 1 1 [1.00] u: -0.027 o': 0.238
) 1 [1.05] u: 0.145 0: 0.487 1 [1.05] u: 0.007 0: 0.334 1 [1.05] u: -0.027 0: 0.241 z [ [10.00] u: -0.163 o: 0.500 1 [10.00] u: -0.298 0: 0.409 [ [10.00] u: -0.282 0: 0.323
§ 2500 7 [ [1.10]u: 0.144 0: 0.489 | [ [1.10]u: 0.004 0: 0.334 | ] 1 [1.10] u: -0.029 0: 0.243 § 2500 - [ [100.00] u: -0.854 ¢: 0.517 | [ [100.00]u: -0.785 ¢: 0.525 | [ [100.00] u: -0.661 ¢: 0.558
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[0.90] : 0.008 o 0.212 [0.90] : 0.021 ¢: 0.192 [0.90] : -0.004 o: 0.186 [0.01] u: 0.022 o: 0.203 [0.01] u: 0.032 ¢: 0.177 [0.01] u: 0.006 o: 0.174
3000 - 1 [0.95]u: 0.007 0: 0.213 | A 1 [0.95]u: 0.020 0: 0.192 | T 1 [0.95] u: -0.005 o: 0.187 1 [0.10] u: 0.021 ¢: 0.204 1 [0.10] p: 0.030 0: 0.179 1 [0.10] : 0.005 0: 0.175
[ [1.00] u: 0.006 0: 0.212 7 [1.00] u: 0.019 0: 0.193 7 [1.00] u: -0.005 0: 0.188 3000 - 1 [1.00] u: 0.006 0: 0.212 i 1 [1.00] u: 0.019 0: 0.193 i 1 [1.00] u: -0.005 o: 0.188
- 1 [1.05] u: 0.004 0: 0.211 1 [1.05] u: 0.019 0: 0.194 1 [1.05] u: -0.005 0: 0.190 . 1 [10.00] u: -0.144 o: 0.282 1 [10.00] u: -0.121 o: 0.303 1 [10.00] u: -0.133 0: 0.295
& 2500 1 1 [1.10] u: 0.0050: 0.214 | ] 1 [1.10]u: 0.017 0: 0.195 | 1 [1.10] u: -0.007 o: 0.192 € 2500 4 [ [100.00] u: -0.832 0: 0.420 | | 1 [100.00] u: -0.696 0: 0.520 | 1 [100.00] u: -0.581 0: 0.583
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Small Changes do not affect the energy reconstruction, just large increases affect the reconstruction.
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linear Interpolation
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agreement using Rz2,
coefficient of
determination
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DOM Efficiency, scaling the reconstructed

2 __
energy losses R"=0.99849 - 1.08

_ _ Data, loss bi@ L~
Spectral Index, weighting the events - L 106
: : : : - 1.04
3D interpolation of the bin differences
1.02 2
Bremsstrahlung | DOM Efficiency | Spectral Index 1.00 ‘E
Multiplier %‘
0.98
Range [0.9, 1.1] [0.9, 1.1] [1.5, 1.9]
0.96
Default 1.0 1.0 1.7
0.94
Interpolation Cubic Quadratic Quadratic
0.92

Order
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Measurement of the Bremsstrahlung Multiplier and Systematics

Gamma = 1.6773-91

= MCMC Sampling of Poisson LLH

om Efficiency = 0.95%5 ¢

with random Multipliers

m Shrink area due

to boundary

Multiplier

Gamma
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Results

describing the bin contents gl-m
= Consider the correlation between the 5
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Performance of the Fit
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Results
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Conclusion and Outlook

= Develop toy simulation creating reconstructed energy
losses for muon studies just using PROPOSAL

It is feasible to measure the Bremsstrahlung Multiplier
with neutrino telescopes like IceCube using the
energy loss profile of neutrino induced muons.

The energy reconstruction is robust against small
changes of the Bremsstrahlung.
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Conclusion and Outlook
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= Using also atmospheric muon samples to analyse muons

Stopping muons, dominantly arriving as single muons,
for lower energies

Leading muons, containing most of the bundle energy,
for higher energies
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