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Radiations from Universe GRIVERSITY
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A (possible) cosmic accelerator
AGN (radio galaxy) UNIVERSITY

Centaurus A (the closest radio galaxy)
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Why v is so powerful
to explore high energy universe? GiVtesiry
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The Cosmic Neutrinos

i " CHIBA
Production Mechanisms CHIBA

“On-source” v TeV - PeV

5 ’hatfe,. pp2>mT2vV

. [)-“\-,~.. ‘SOS\ P >T2V

ac)\'b photopion production
<
“GZK” cosmogenic v EeV
100EeV p
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Multi-Messenger framework
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Py —. ( )@ y-ray observations
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Multi-Messenger framework
CHIBA
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Py —. ( )@ y-ray observations
] Fermi-LAT collaboration, Science 339, 807 (2013)
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Multi-Messenger framework
CHIBA

UNIVERSITY

Py —. ( )@ y-ray observations
] Fermi-LAT collaboration, Science 339, 807 (2013)
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Multi-Messenger framework
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Py —. (p,n)@ y-ray observations
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The smoking gun
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The Neutrino Flux: overview CHIBA

£ UNIVERSITY
<« Solar v (3B)

<«— SN relic v

pummy Atmospheric v

The main background for astro-v

“On-source” astro-v

[/ (cm sec sr GeV) ]

produced at the UHECR sources

dJ
dE

“GZK” cosmogenic v
produced in the CMB field

Energy [eV]
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IcECUBE
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lceCube Neutrino Observatory

‘ﬁpIBEBUBE

50 m

Ny . &

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
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The IceCube Detector @l ICELUBE

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
e String spacing ~70 m, DOM spacing of 7 m

2820 m L
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IcCECUBE
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IlceCube Event Topology

Track Cascade (shower)
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|BECUBE

SOuUTH POLE NEUTRINO OBSERVATORY

v as COSMIC messengers  csa

UNIVERSITY

EVERY YEAR,
ICECUBE

DETECTS asour...

. -I ASTROPHYSICAL
: NEUTRINOS

Neutrinos are excellent messengers.
They are neutral particles that
rarely interact with matter and
point back to their sources

2

. 1 |

ATMOSPHERIC NEUTRINOS

e charged
particles whose pc!hs are
/' bent by magnetic fields.
*/  Cosmic ray interactions in
the atmosphere produce
neutrinos and muons.
\
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Bert & Ernie kicks off

the Discovery of Cosmic V flux
Found by the IceCube UHE (GZK) v searches
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Our data today T —
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Our data today GRS 2RsiTy
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Our data today cHIBA

UNIVERSITY
A closer look — TeV-EeV range
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B ey

- Our data today G 1y

A closer look — TeV-EeV range

By Cascade Searches | By Muon Track Searches

IceCube Collaboration P~ IceCube Collaboration

) Iz - ApJ 883 1,3 (2016)
e

+

By all flavor (v, v,, v,) sensitive
Extremely-High Energy (EHE)
v Searches

10° 108 107 108 IceCube Collaboration

Enerqgy [GeV]
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Our data today

This spectrum is consistent with a single component?
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Spectral fit :
a weak tension but inconclusive  tKiversity
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Speculation : Two components? gt
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Two component scenario : an examplecusa

UNIVERSITY
Medium Energy (~TeV) py in AGN disk-corona High Energy (10TeV-PeV) pp in clusters of galaxies

Murase, Kimura, & Meazaros Fang & Murase

)

107
AGN corona v
AGN corona y (cascade)
AGN corona X (thermale) ———

IceCube (HESE 6yr Prelim.) KASCADE - all
IceCube (v, 6yr) KASCADE - light
mm = allflavor Auger (E x 1.05)
TA + TALE (E x 0.91)
mm CR—all
== CR —medium/heavy
= CR-light

10°° ki

RN
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The Cosmic Neutrinos
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Production Mechanisms CHIBA
“On-source” v TeV - PeV
5 ’hatfe,. pp2>mT2vV
. p\ | \:\o‘\ P >T2V
96\0 photopion production
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“GZK” cosmogenic v EeV

100EeV p
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Cosmogenic
v Intensity
range

Yoshida & Teshima

Ahlers et al

2021/9/6
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https://doi.org/10.1143/PTP.89.833
https://doi.org/10.1016/j.astropartphys.2010.06.003

The Constraints on evolu%on Eemlssmn ﬂistory) CHIBA

of UHE cosmic ray sources UNIVERSITY

IceCube Collaboration
Phys.Rev.Lett.117 241101(2016) erratum 119 259902 (2017)

IcCECUBE

_ UHECR SO'_Jrce Any sources with evolution
) Cosmolog|cally compatible or stronger than

star formation rate are disfavored

90% CL exclusion

FRIl (FSRQs)
excluded

&RBs

FRII-A
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CHIBA
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lceCube 170922A

IcCECUBE
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Science 361, eaat1378 (2018)

IceCube-170922A event

» 2017/9/22 20:54:30.43 UTC
5th and the most cosmic neutrino signal like EHE alert
« automated alert was distributed to observers just 43 seconds later

Fermi Telescope

neutrinos
. e
'\“3» ~e

Optical telescopes

- —
R e L

& Kanata telescope

...and many more telescope

Follow-up Observations of IceCube Alert 1IC170922

Maa 4
NuSTAR .

- -~
WRerl | o

Magic telescope
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I Spectral Energy Dlstrlbutlon
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PeV EeV

TeV v sky

Yet another v
source
candidate

Seyfert Il
Galaxy
NGC 1068

2021/9/6

3o (post-trial) excess in TeV range with 10 years of data

IceCube Collaboration

36


https://doi.org/10.1103/PhysRevLett.124.051103

‘ 1 PeV EeV

v SKy

Star Burst AGN Blazar AGN BL Lac Blazar AGN BL Lac Blazar AGN
NGC 1068 TXS 0506+056 PKS 1424+240 GB6 J1542+6129

Started to
see resolved

sources In
TeV v sky

3.30 combined

IceCube Collaboration
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Dear Dr. Kaichi tsono:

With this letter 1 take the liberty of contacting you sbout a maticr of great
sl o e roscarc project [ peeset, am e princial ivestig
feeCube project. We have received our fist funding o transform the fra
s 1 popgraphical Soéh Pole i exirio detctor tht wil open
astronomical window on the Universe. The research group led by Professoe Shigery
Yoshida from your university has recently assumed a leadership role in this project
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For many years Dr. Yoshida and his collaborators have dane pioncering work in high
energy astrophysics and established your university as one of the leaders in the field
‘workdwide. Dr. Yoshida has become the top expert for his generation in the are of
physics associated with the highest energy cosmic rays and other problems in extreme
astrophysics. Jim Cronin, Nobel Lauteate from the University of Chicago first
introduced Dr. Ysohida to me, and shares this opinion. Japen has become the
unchallenged leader in the field of neatrino physics. By joining the IceCube project your
‘country and university will lurther enhance theis already dominant role in the field.
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The Chiba group was admitted into the project with the enthusiastic support of all the.
laborating institutions, because Dr. Yoshida's previous woek was well k

ously read his papers. Dr. Yoshida is an expert on cosmic ray physics and

‘and he bas mastered cosmology and particle physics as well. He is 4 superb

st and world-class phenomenologist and we expect his group 1o play &

‘major role in the data analysis. The most eritical component of our experiment is

produced by Japanese industry. Therefore, the Chiba group is ideally positioned, by
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Golden DOM program

Hamamatsu Chiba Univ. Wisconsin Univ. Chiba Univ. South Pole
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» makes all PMTs »V/Normal check: (1/10) » assembles DOMs » Golden DOMs: (1/80
U Linearity of the PMT gain check all DOMs a
U dark noise rate (under low temperature) a
U charge resolution U Linearity of the DOM gain
> Golden PMTs: (1/60) - dark noise rate
normal check -+ U component check
0 U cold reboot

0 ) communication test
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Last topic of the analysis call was the IC-79 and IC-86 EHE analysis. Thanks a lot to Keiichi,
Aya and Shigeru who stayed up until 4am in the morning for this discussion. Patrick and Markus
raised the concern that the simulated livetime might not be enough in the whole phase space of
the signal region. While there are about a 1000 years of simulated livetime at >10*10 GeV CR
shower energies this livetime drops quickly due to the simulated E*-1 spectrum and is only a
few days at 1078 GeV primary energy and only a few hours at 1077 GeV. Patrick showed an
example where showers with primary energies of a few PeV produced several tens of
thousands of NPE, which is close to the signal region (log(NPE)>4.7) for mis-reconstructed
showers. In particular corner clippers with a large catastrophic energy loss in or close to the
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