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COSMIC rays
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e transition between galactic and extra-
galactic origin of cosmic rays is debated
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shock acceleration Avaronian, 2002

Chandra

SN 1006 ;

Dense
molecular
cloud

® accCeleration processes may occur
within their sources or on a larger
Sca|e ‘ Supernova

remnant

o - i c d
properties of cosmic ray sources sr?er]l?%rfeﬁcsategas

from high energy gamma rays and o
neutrinos generated at the source

e if hadronic acceleration occurs in
galactic and extra-galactic shocks
or jets, gamma rays and neutrinos
are produced

pt(pory) > m+ X ve,vu+ X neutrinos ...
—»m+X—- v,y +X gamma rays...

Flux ~ E,2 (Fermi acceleration)

protons @ knee produce ~ 300 TeV Y rays
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lceCube Observatory
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with 10” PMT &
local DAQ electronics
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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

Y
/iB strings-spacing optimized for lower energies

480 optical sensors

Eiffel Tower
2 324 m
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detection principle
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event identification
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event identification
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identification of cascade
atmospheric events

e |C79 experimental data with dense
infill DeepCore

e CR- and vyu-induced muons rejected
via veto with surrounding lceCube
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Becker J., Phys. Rept. 458, 173 (2008)
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all-sky
steady point sources

energy distribution for E-2 v, spectrum

angular resolution / degrees
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all-sky
Steady pOI Nt sources 43,339 up-ward + 64,230 downward

in 375 days (IC40) + 348 days (IC59)
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ApJ 732, 18 (2011) - arXiv:1012.2137
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all-sky
Steady pOI Nt sources 43,339 up-ward + 64,230 downward

in 375 days (IC40) + 348 days (IC59)
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all-sky
steady point sources
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other point source searches

discovery potential at different flare scales

¢ fime varying sources

» untriggered all-sky time scan
» time scan for candidate variable

sources from Fermi-LAT Bright
Source List

» triggered search based on flaring

sources observed by Fermi (alerts

from Public Release), H.E.S.S.,
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neutrinos from
Gamma

Ray Bursts

e search for stacked neutrinos in coincidence with

observed y ray from GRB in the northern hemisphere

e per-burst neutrino spectra calculated from y ray
spectra based on prescription by Guetta et al.
Astrop. Phys. 20, 429 (2004)
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assuming GRB as sources of UHE cosmic rays

e.g. Ahlers et al., Astrop. Phys. 35-2, 87 (2011)
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cosmogenic
Nneutrinos

® cosmogenic neutrinos from photo-hadronic
interactions of UHECR protons with the CMB

e constrain through the e, et and y-rays cascading
on the CMB and intergalactic magnetic fields to
lower energies and generating a y-ray
background in the GeV-TeV region
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equatorial coordinates

cOosmIcC ray anisotropy

Tibet-lll 5 TeV Mwmive intensity
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small scale anisotropy
......... " 3 , |CeCUbe 20 Tev
. - Abbasi et al., ApJ, 740, 16, 2011

22

significance [o]

Friday, June 1, 2012



origin of large scale anisotropy “

» stochastic effect from <0.1-1kpc young SNR & propagation

Erlykin & Wolfendale, Astropart. Phys., 25, 183 (2006)
Blasi & Amato, arXiv:1105.4529

» TeV anisotropy as a possible probe into outer heliospheric properties

» >100 TeV anisotropy might uncover non-diffusive propagation effects or SNR connection
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conclusions

e |ceCube is a fully functional km?3 neutrino observatory: neutrino astronomy
e observed the highest energy (atmospheric) neutrinos

e providing very strong constrains related to the origin of cosmic rays

e low energy frontier (DeepCore, PINGU): particle physics, oscillations, mass hierarchy,...

e high energy frontier (ARA - Radio Detection): cosmogenic neutrinos

e multi-messenger campaigns undergoing

e cosmic ray anisotropy measured at 100’s TeV and 1's PeV

¢ [celop to measure cosmic ray spectrum & composition

Paolo Desiati
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lceCube-86 (78+8) interstring (surface) distances
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DeepCore interstring (surface) distances
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all-sky neutrino search
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neutrinos from GRB
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e different spectral shape

e normalization corrections

» fcy photon energy approximated
by break energy

» fs spectral shape of neutrinos
directly related to that of photons
(not protons)

» fo, f~, fshit coOrrections from
approximation of mean free path
of protons and some factors
approximated in the original
calculations

neutrinos from G
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3 Hummer et al. arXiv:1112.1076

revised Fireball calculation
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cosmic ray anisotropy in lceCube Z8
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cosMic ray anisotropy
N arrival direction

equatorial coordinates
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cosMic ray anisotropy
N arrival direction
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COSMIC ray anisotropy vs energy
in lceCube-59 Ve,
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COSMIC ray anisotropy vs energy
in lceCube-59 Verg,

® reference map derived from data with time scrambling

® smoothing radius optimized on highest significance in excess/deficit region
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COSMIC ray anisotropy vs energy
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Compton & Getting, Phys. Rev. 47, 817 (1935)
Gleeson, & Axford, Ap&SS, 2, 43 (1968)

—arth’s motion around the Sun

v=29.8 + 0.5 km/s

4 Horandel, Astrop. Phys. 19, 193, 2003
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Origin Of |arge Scale aniSOtrOpy : Compton & Getting, Phys. Rev. 47, 817 (1935)

Compton-Getting

Gleeson, & Axford, Ap&SS, 2, 43 (1968)

—ffect ?

— = (*y+2)20030
c

» apparent energy-independent ~10-2 dipole
anisotropy due to relative motion of solar system
through ISM

» motion of solar system around galactic center ~
220 km/s

» reference system of cosmic rays is unknown

lceCube-59
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solar dipole anisotropy vs energy in lceCube-59

The observation of the solar dipole
supports the observation of the sidereal
anisotropy in cosmic ray arrival direction
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anti-/extended-sidereal distributions vs energy Iin
lceCube-59

anti-sidereal distribution ~ solar dipole variability extended-sidereal distribution ~ sid. anis. variability
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anisotropy vs.
angular scale
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large vs small scale anisotropy
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