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Luminosity

Radiations from Universe
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Multi-Messenger framework
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What we know about TeV-PeV v sky cHiBA

IcCECUBE

* Mostly coming from extragalactic space

Their arrival directions are (nearly) isotropic

E“®, 4 flavor sum =107 GeV/em? s sr inTev
~108 GeV/cm? s Sr  in 100 Tev-Pev
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Still statistically allows a single E* spectrum
but a weak tension exists




The big picture

The TeV-PeV V energy flux is comparacble to UHECR flux

"""'."'"";"'"?"'-"f.s.-. UHECRS

Fermi-LAT y

10-7 N lceCube v +_'.
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Is this just a coincidence?

iy o Maybe but maybe not



The Grand Unified Theory?  Sivtesiry
UHECRs <- TeV-PeV v all shares the same origin?

pp framework — jetted AGN in clusters of galaxies py framework — a generic model applicable to GRB/TDE/Blazar

Fang & Murase Yoshida & Murase

IceCube (HESE 6yr Prelim.) KASCADE - all
IceCube (v, 6yr) KASCADE - light
mm - allflavor Auger (E x 1,05)
TA + TALE (E x 0.91)
== CR - all
== CR = medium/heavy
= CR =light
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https://doi.org/10.1038/s41567-017-0025-4
https://doi.org/10.1103/PhysRevD.102.083023

This scenario was more or less predicted. cusa
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Waxman — Bahcall bound

Waxman & Bahcall PRD (1999)

15t order estimate of the possible ultra-high energy v flux induced by the cosmic ray energetics

-8 . 9 1 1
5x 107%¢,GeVem s sr!

UHE Cosmic Ray Energy Density ~ 104 erg Mpc=3 yrt

Cosmic Evolution ~ from 3 to 8 : Cosmic Ray Emissions may be more active in the distant universe

a muon neutrino carries ¥ of pion energies



This scenario was more or less predicted. cuiea
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Waxman — Bahcall bound

IceCube Preliminary Design Report (2001)

A standard technique to search for high energy neutrinos of astrophysical origin is to look
for upgoing muons induced by v, that have penetrated the Earth. The signal is given by the
convolution

Signal ~ Area® R, Ny ® 0, ® ¢, (1)

. . D) . s
where R,, is the muon range in g/cm® and N4 is Avogadro’s number. The range and cross

a neutrino event rate of f x 30 events/kmf‘)/yr
(also by T.K. Gaisser astro-ph/9707283)

f = 0.3 = the case of the Waxman-Bacall 1st order estimate



This scenario was more or less predicted. cuisa
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IcECUBE

lceCube Neutrino Observatory

‘ﬁpIBEBUBE

50 m
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IceCube Laboratory

Data is collected here and
sent by satellite to the data
warehouse at UW—-Madison

1450 m

Digital Optical
Module (DOM)

5,160 DOMs
deployed in the ice

86 strings of DOMs,
set 125 meters apart

DOMs
are 17
meters
apart

Amundsen—Scott South
Pole Station, Antarctica

A National Science Foundation-

managed research facility.

T

60 DOMs
on each
string
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Constructions2005-2011

Detectors shipped fromJapan SH{\B(%RS ITY

IcCECUBE

(\ e A Drill House

v



The IceCube Detector €8/ CECUBE

324 optical sensors

IceCube Array

86 strings including 8 DeepCore strings
5160 optical sensors

neutrino energy: 1TeV-100EeV

e String spacing 125 m, DOM spacing of 17 m

DeepCore
8 strings-spacing optimized for lower energies

480 optical sensors
- neutrino energy: 5GeV-100GeV

Eiffel Tower
<> 324 m
2450m | § e String spacing ~70 m, DOM spacing of 7 m

2820 m L ' Y

NGNS ..




Optical Detector Module for IceCube gusa,
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DOM breakdown

Glass sphere: Nautillus Mu metal magnetic shield



Characterization of DOM

in Japan for 2004-2009 CHIBA
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Mapping photon detection efficiencies cue

CollectionEfficiencyMap

CollectionEfficiencyMap

CollectionEfficiencyMap
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lceCube Upgrade LT -

N, i

“gy v 74 IceCube DeepCore Phase 1
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The next generation
Cherenkov detector
modules

D-Egg

developed and fabricated in Japan

278 pcs will be deployed in 2024/25

The DOM for the present IceCube
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D-Egg UNIVERSITY

Optical Coupling Gel

Pressur glass vessel

8” High QE PMT
Frontend electronics
“Finemet” Geomagnetic Shield

Camera

Penetrator Cable Assembly
LED Flashers
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Summary GRIVERsITY

lceCube Neutrino Observatory had been desighed to
have enough volume to discover TeV-PeV energy
cosmic neutrinos

Py



