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cosmic rays

• measure all particle cosmic ray spectrum in 
the knee region and above

• measure cosmic ray mass composition in 
the knee region and above

• mass composition not known and model-
dependent (KASCADE)

• extension to lower energy with small 
showers

• large scale anisotropy of arrival direction of 
cosmic rays
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poly-gonato : Hörandel et al.

2-component : Glasstetter et al.
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cosmic rays : all-particle spectrum (IceTop-26)
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➫

➫

raw energy spectrum

energy response matrix

➫

protoniron2-component

isotropic flux assumption : 2-component model yields the best agreement
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cosmic rays : mass composition (IceCube & IceTop)

• correlation between shower energy and muon bundle energy

• coincident event provide good directional reconstruction : ~ 0.5o 
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muon bundle energy loss

17 PeV Fe @ 12.6o

17 PeV p @ 28.4o
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cosmic rays : heliospheric physics

• energy spectrum of particles from solar flares
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proton spectrum compared with proton background

published in : The Astrophysical Journal 689 (2008) L65

4/5



cosmic rays : large scale anisotropy (IceCube-22)

• measure muon bundles induced by cosmic rays : ECR ≳ 5 TeV

• arrival direction of CR affected by local interstellar magnetic field structure
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atmospheric horizontal µ bundles (IceCube-22)
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70o-87o

E
µ ≳ 5 TeV

E
µ ≳ 40 TeV

slant depth

surface energy for individual muons in a bundle

70o-87o

70o-87o

muon spectrum
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atmospheric νµ (IceCube-22)
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quality parameter

preliminary

IC-22 (95% purity) 29.0 neutrinos / day

IC-40 (95% purity) 83.1 neutrinos / day

IC-86 (40% purity) ~390 neutrinos / day

unfolded neutrino spectrum

Barr at al. calculation

median unfolded

90% band unfolded

Honda calculation

preliminary

preliminary

preliminary

higher quality

Δψ ~ 2.5o

ΔLogEµ ~ 0.3
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atmospheric νe (IceCube-22)
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signal-likebackgr-like

ΔVertex ~ 10 m
ΔLogEµ ~ 0.17 - 0.23

quality parameter

E >  5 TeV E >  15 TeV• limited by background statistics

• high cascade-like background

‣ dedicated simulation for 
searches of cascades

exp data
background

signal

exp data
background

signal
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atmospheric νµ : oscillations (IceCube-22)

• extend atmospheric neutrino measurement below 100 GeV

• νμ disappearance for vertical up-going muons (Deep Core)

10

IceCube-22

IceCube-40
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atmospheric νµ : VLI & decoherence (IceCube-40)
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preliminary

quality parameter

zenith azimuth

energy loss # sensors

90% CL excluded

90% CL excluded

higher quality

Violation of Lorentz Invariance

Quantum Gravity
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diffuse νµ (IceCube-22)
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• search for high energy extraterrestrial neutrinos

• understanding detector systematics for bright events (i.e. high energy)

energy estimation energy estimation

90% confidence belt from 2D
χ2 approximation
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diffuse νµ : (IceCube-40)

• event selection capability increases with detector size

• understand systematics in signal region : different energy estimators
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one of quality parameters
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EHE ν : IceCube-22

• unknown cosmic ray composition above 107 GeV

• physics input for extrapolated background estimation

• energy calibration with in-situ devices
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IC-22

IC-9

νe

νμ
ντ

energy estimation

IceCube-40 currently under analysis
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extra slides
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cosmic rays : small showers (IceTop-26)

• extend sensitivity to lower energy
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cosmic rays
muon bundle energy deposit

IceCube-only cosmic ray mass 
and muon multiplicity 
dependency
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cosmic rays
mass composition

SPASE-AMANDA coincident 
events

iron
oxygen
protons

co
ntours 

in LogEprim
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large scale anisotropy
probing local interstellar 
magnetic field

4 TeV
0.004 pc
880 AU

6.2 TeV
0.007 pc
1,400 AU

12 TeV
0.01 pc

2,600 AU

50 TeV
0.06 pc

11,000 AU

300 TeV
0.3 pc

66,000 AU

12.6 TeV
0.01 pc

2,800 AU

126 TeV
0.14 pc

28,000 AU

Tibet array

IceCube-22
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correlation with atmospheric 
temperature
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correlation with atmospheric 
temperature

IceCube stable within ~2%
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muon rate and sudden 
stratospheric warming
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atmospheric muon neutrinos
AMANDA
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atmospheric muon neutrinos
effective area for IceCube
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extension to low energy
vertically up-going muons



diffuse νµ (IceCube-22)
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• search for high energy extraterrestrial neutrinos

likelihood fit for deviations
from Barr et al. atm spectrum

no signal 3.10-8 E-2

1.RPQM

1

1.RPQM + 3.10-8 E-2

simulation study



EHE ν : AMANDA

• data collected in 2003-2005
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quality parameter



EHE ν : IceCube-22
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