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Why v is so powerful
to explore high energy unirse?

ﬁlpef Cluste

- (3K bkg) _

py—=A-m->v

highest observed p energy

\DYQ\

L

RY 7
e k

x
-]

highest observed ¥ energy

galaxy —
photons

log(particle or photon energy, eV)

local group EEEET
Nearby clusters
AGN & QSOs TR |

Cosmology |

AT Distant Young Universe
001401 1 10 192 105 10*

Observable distanck (Mpc)
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The IceCube Neutrino
Observator
UNIVERSITY
ﬁICEBUBE

50m

oy a8

Amundsen-Scott South

Pole Station, Antarctica

IceCube Laboratory 86 strings of DOMs,

set 125 meters apart A National Science Foundations

Data is collected here and managed research faciliti

sent by satellite to the data
warehouse at UW-Madison ‘ +

<3

60 DOMs
on each

Digital Optical

Module (DOM) 2450 m

string
5,160 DOMs
deployed in the ice
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Energy threshold ~10 GeV
>108 muons/day
>200 neutrinos/day




Neutrino Signatures
UHE (>100 PeV) VHE(>100 TeV)

Background:
Atmospheric muon
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is-reconstructed atms. ;H’J

Downgoing atms. p

Atmospheric v

l TeV astrophysical V
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the 1st discovery of the PeV v

2.8 0 excess on the atmospheric background
very the 1st indication of astrophysical v
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Two events passed the selection criteria

2 events / 672.7 days - background (atm. p + conventional atm. v) expectation 0.14 events
preliminary p-value: 0.0094 (2.36c)

Runi119316-Event36556705 Run118545-Event63733662
Jan 3" 2012 August 9th 2011

NPE 9.628x104 NPE 6.9928x104

Number of Optical Sensors 312 Number of Optical Sensors 354

CC/NC interactions in the detector

I

i

v, (cascade) simulation
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the Discovery of Cosmic V flux
ICECUBE
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Mid Energy (60 TeV-) | ,ccc

IceCube collaboration
lceCube 3 years data (2010-2013) Phys. Rev. Lett. 113, 101101

‘ Southern Sky (downgoing)
cert 10 —_—
Charm Limit) f 1" > 60 TeV l

Spectrur

| 1 Northern Sky (upgoing)\
|
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Events pér 988 Days

0.0
Deposited EM-Equivalent Energy in Detector (TeV sin(Declination)

“Big Bird”




4 L
VHE (100 TeV-PeV)

| | Conv. atmospheric v, + 7, (best-fit)

B Prompt atmospheric v, + 7, (flux limit)

+++ HESE unfolding: PoS(ICRC2015)1081

Astrophysical v, + 7, (best-fit)

E* ¢(E) = 8x10~° GeV/cm*secsr

per flavor flux
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Constraints on the optical depth

RSITY and extra-galactic CR flux

-~ MWWW* vV
6\9’{\0‘\ photopion production
2

optical depth
(<1)
R

A I:GZK CR SECSIC E-¢ T(E) C(ZI m, Zmaxl E)
GZK

di,
dE

Fixed to the Star Formation Rate



TeV PeV EeV

Probably pY, but not so many candidates

GRB 1043-44 erg/Mpc3 year
<< 10PeV-CR 10° erg/Mpc3 year

BL LaC needs a plenty of protons
T <<1> to explain the IceCube flux,
Leptonic model would the CR flux

strongly constrained by

Hadronic model the trans-PeV to EeV v observation

(will discuss later)

FSRQ

Sources NOT to emit protons
GRB choked jet etc. 28
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lceCube 3 years data (2010-2013)
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Summary of

=teeethye  JceCube Diffuse Flux measurements

all flavor sum

= 102 g

7
7))
o
-
O
>
[
O,
mnj
O
=
=
O
TLT

Waxman Bahcall Prompt GRB x 3/2
Blazars Stecker 2005 v _x 3

Decerprit et al. Proton GZK
B IC79+86 Astrophysical E*v_ x 3
IceCube 3 Yr. Starting Astrophysical

Honda + ERS Atmos.v

Waxman Bahcall 2013

Loeb Waxman Starburst 2006
IC59 Diffuse v _Limit x 3

IC79 v_ Unfolding
IceCube 2012 All Flavor Limit

\ Ultra-High
_~Energie
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|CeCUbe couaboration Access by Chiba Daigaku Fuzoku
Physical Review Letters Constraints on Ultrahigh-Energy Cosmic-Ray Sources from a

117 241101 (201 6) Search for Neutrinos above 10 PeV with lceCube o
M. G. Aartsen ef al (| )

Lett. 117, 241101 — Published 7 12016 ﬂEI

Artcle =y

We report constraints on the sources of ultrahigh-energy cosmic rays (UHECRSs) above
xeV, based on an analysis of seven years of IceCube data. This analysis efficiently
selects very high- energy neutrino-induced events which have deposited energies from
0% GeV to above 10 GeV. Two neutrino-induced events with an estimated deposited
energy of (2.6 + 0.3) x 10° GeV, the highest neutrino energy observed so far, and
(7.7 ® QeV were detected. The atmospheric background-only hypothesis of
detecting these events is rejected at 3.60. The hypothesis that the observed events are of
cosmogenic origin is also rejected at > 99% CL because of the limited deposited energy and
the nonobservation of events at higher energy, while their observation is consistent with an
astrophysical origin. Our limits on cosmogenic neutrino fluxes disfavor the UHECR sources (:' Article part of
having a cosmological evolution stronger than the star formation rate, e.g., active gal
nuclei and ~y-ray bursts, assuming proton-dominated UHECRS. Constraints on UHECR sources
including mixed and heavy UHECR compositions are obtained for models of neutrino
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=t Open the box : What we found
Two PeV-ish events

1st event: shower (cascade) event in 2013 sample

Reconstructed
Il EEES

Diposited Energy
808 TeV

zenith angle
174 deg

(Probably) the most energetic upgoing event
detected by IceCube



=== Open the box : What we found
Two PeV-ish events

2d event: track event in 2014 sample

Reconstructed
Il EEES

Diposited Energy
2.6 +- 0.3 PeV

8 deg off TeVCat
3 deg off 2-3FGL

the most energetic event
ever detected by IceCube
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Two PeV-ish events No EeV-ish events
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m= 0 : No evolution
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IceECUBE

CHIBA
UNIVERSITY IceCube collaboration

Physical Review Letters
117 241101 (2016)

- FHERESHHEXD
63% CL \EEEEE o =a—hY/HBRDIMDTLELY
" N % ISk BHIR
2L max %
T
s with

R loud jets
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lceCube 3 years data (2010-2013)
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ICEHAP
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Za—hY/EEDIESHIZIE
ERORGED DB,

ICECUBE

+ + WISE galaxies
» > radio sources
% neutrino alert
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IcECUBE

IceCube-Gen2
8 x IceCube

lceCube-Gen2 Facility

0.0, [
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Optical Sensors
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