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High-energy neutrino

Active Galactic Nuclei (AGN)

py—7mt X
M87, Hubble Space Telescope |_> M+ B,

et V.0,

Gamma Ray Burst (GRB)

GRB 080319B, SWIFT (X-ray)



High-energy neutrino
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Cosmic rays and neutrinos
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Cosmic rays and neutrinos
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Cosmic rays and neutrinos
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Neutrino telescopes

lceCube




IceCube observatory

_IceTop
~ 80 Strings each with
2 IceTop Cherenkov Detector Tanks
2 Optical Sensors per tank
320 Optical Sensors

50m

80 strings (4800 PMTs)

2004 Project Start 1 Hole
2009 Current Status 59 Holes
2011 Projected Completion 86 Holes

_IceCube In-Ice Array
~ 86 Strings, 60 Sensors
/ 5160 Optical Sensors

_ AMANDA-II Array

~ (Precursor to IceCube)

V = 1km? wor___

Deep Core
6 Strings - Optimized for low energies
360 Optical Sensors

[ ] Eiffel Tower
" 324m

WIMP by Deep Core

2011 TR T E



BIRLIF—FH=-a2—M)/
EXRNTWE

RIBREEESTLD

ocs __ 4wk
L — Am?

— BIRILF—EN RENTIRE

averaged out Lo ~ 10"+8 (cm) With E = 10" (GeV)
EE_FEEO sensitivity E Tos
1 (MeV) TOA{Cinl)

1 (GeV) 10® (cm)

1(TeV !
Am B = I 102 (o

1 (EeV) 10'" ~ 0.1(pc)




Neutrino propagation (oscillation)
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Neutrino decay
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Neutrino decay

[Beacom,Bell,Hooper,Pakvasa,Weiler, 2003]
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E’I(E) |GeV cm %5 'sr']

Neutrino decay

Effect of #13 variation on Decay: t2/m = 0.1, t3/m = 0.1 [ev/s], Normal hierarchy.
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Neutrino decay

Flavor identification (in IceCube)

Shower events Muon track events

NC for all flavor + CC for 1/,

+CC for v, with . < 1PeV CC for v,



Event rate Shower/muon-track ratio

energy bin (GeV) | muon track shower v
10%-10° 0.09 - U
10%-10° 5 4 © Ly
10%-10° 48 21 o L2}
10°-10° 163 73 o 1}
10%-107 148 65 O p.s8t
107-10° 42 32 E o.a
108-10° 8 11 T
10°-1010 0.7 2 o 9-4
104281011 ~0 6.9 x 1073 3 0.2
10'1-10'2 ~ 0 ~ 0 G RS- e
total 415 206 o 10%10220%107 20%107 20"

_ E, (GeV)
without decay

energy bin (GeV) | muon track shower
107-10° 0.04 : No decay: ~0.5
10%-10* 2 0.9
10%10° 2 5 Decay:~0.2 at 10° ~ 107 GeV
10°-106 72 18
108-107 65 11
107-108 19 6
108-10° 5 5
10%-10%° 0.6 I
S e Sl SRS For 10 year observation
fotal 185 g In IceCube

with decay (inverted)
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Pseudo Dirac neutrino
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[Wolfenstein,1981]
[Petocov,1982]
[Giunti,Kim,Lee,1992]...
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Lorentz/CPT violation

[CPT theorem]

1) Lorentzinvariance
2) Hermitian Hamiltonian
3) Locality

® O—LUYFREHRDEN

BEERIZHEKSLEL fundamental T B X

@ CPT X#MMEDEHN

“Quantum decoherence”: pure state — mixed state

CPT symmetry

[LUders; Pauli, 1954]

Particular type of string theory
[Kostelecky,Samuel,1989],
[Madore,Schraml,Schupp,Wess,2000]
Non-commutative geometry...

Loop quantum gravity
[Gambini,Pullin,2004]
[Alfaro,Morales-Tecotl,Urrutia,2000]
[Thiemann,2001]



Lorentz/CPT violation
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Standard Model Extension [Colladay,Kostelecky,1998]

[ SM field + LV tensors with non-zero VEV J
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w [Jain,Douglas,MacKay,Panda,Ralston,2000]
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Cross saction (crmé)

Neutrino absorption spectroscopy
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[Barenboim,Requejo,Quigg,2004]

Roulet, 1993,...



Neutrino absorption spectroscopy

Survival probabilities

Normal ordering

Integrated back to z = 20

Flavor ratio

Left: normal ordering

Right: inverted ordering
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Dark matter

@ X[E T annihilation Srednicki.Olive, Silk, 1987,
Ellis,Flores,Ritz,1987,
Ritz,Seckel,1988,

@ Diffuse (galactic halos)
Beacom,Bell,Mack,2007,
Yuksel,Horiuchi,Beacom,Ando,2007,

@® PAMELA O positoron &MEE

Spolyar,Buckley,Freese,Hooper,Murayama,2009
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