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The promised land

radio/microwave infrared/optical gamma-rays neutrinos cosmic-rays

cosmological max of star formation
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The Universe is opaque to EM radiation for V4 of the spectrum,
l.e. above 10-100 TeV where IceCube sees cosmic neutrinos.



ICECUBE
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Data is col'ected here and
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Neutrino event types

—

Charged-current v,

Up-going track

~
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Neutral-current / ve

Isolated energy
deposition (cascade)
with no track
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(simulation)

Double cascade
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Atmospheric neutrinos
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Exploiting atmospheric neutrinos for neutrino physics
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Neutrino oscillations

¢ |[ceCube / DeepCore probes mixing for
multiple baselines and energies

e Measurements of neutrino mixing
parameters competitive with dedicated
neutrino beam experiments

e Strong constraints on sterile neutrinos

IceCube, PRL 2018 (arXiv:1707.07081)
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http://arxiv.org/abs/arXiv:1707.07081

Exploiting atmospheric neutrinos for neutrino physics
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Neutrino absorption and x-section

¢ |C79 muon neutrino sample was used
to study x-sections

e Astro. neutrino flux & spectra nuisance

parameters in analysis

IceCube, Nature, 2017
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Exploiting atmospheric neutrinos for neutrino physics
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Neutrino absorption and x-section

¢ |C79 muon neutrino sample was used
to study x-sections

e Astro. neutrino flux & spectra nuisance
parameters in analysis

e x-section between 6.3 TeV and 980 TeV
o/osm=1.30+0.20 (stat) +£0.41 (sys)

IceCube, Nature, 2017
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Vetoing atmo@spheric muons & neutrinos

Schonert et al, 2009
Gaisser et al. 2014
lceCube, Science 2013
Vi
u , Veto ‘
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Astrophysical Neutrinos!

80 events observed with 257 expected from atmosphere

downgoing
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Astrophysical Neutrinos!

80 events observed with 25+7 expected from atmosphere
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Astrophysical Neutrinos!

80 events observed with 257 expected from atmosphere
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Search for tau-neutrinos within the HESE sample

Leamed and Pakvasa,

double baﬂg channel Astropart. Phys. 3, 1995 SenSitive to ~20m
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Search for tau-neutrinos within HESE sample
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Through going muon tracks

unfolded data assuming unbroken best-fit power law 6.7 sigma detection of

+++ Unfolding BN Conv. atmospheric v, |7, astrophysica| neutrinos
Bl Astrophysical v, |, Wlth thrOU h- Oin
— — P — — — — 1.0 gg 9
10°}F e . IceCube: Preliminary muons analysis
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Spectra vs analyses
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Spectra vs analyses
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High-energy neutrinos on the sky observed by lceCube

PRELIMINARY “ Starting tracks (21)

® Cascades (959)
@® Through-going tracks (36; >200TeV)

IceCube 2017

Equatorial

Event numbers: brightest point source vs all
Nps ~ 102 (n/10-7 Mpc-3)-1/3 X Nuit
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High-energy neutrinos on the sky: Constraints on source candidates
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—ealtime aerts via GON and ANVION

Public alert stream running since April 2016 - 12 events so far

IceCube 161210A

r.a. 46.6 + 1.0° (90% CL)

dec 15.0 £ 0.4° (90% CL)

Energy: ~ 100 TeV

Astrophysical signal probability: 49%
https://gcn.gsfc.nasa.gov/other/icecube 161210.gcn3


https://gcn.gsfc.nasa.gov/other/icecube_161210.gcn3

PS16cgx: a young supernova in the field of a HE starting neutrino

PanStarrs follow up of

ceCubederton [N uamoe
201 6'04‘27 aﬂd fOUﬂd d ; 3 exp|osion days
young supernova at z=0.3: before neutrino alert Gemini (GMOS)

e sl
T .

Pan-STARRS/STSCI

10.2° | PRELIMINARY __ 900 Optical spectroscopy
| 7 10, 20 days post-peak
10 O° | T{;Gemini Observatory/AURA
- | 3.0
o o - = PS16cgx@~10d mm [a@I[8,12] days (10)
2 9.8% - é\ 2254 Ila@[8,12] days (20) 10d
= “ g
O o | a 2.0
8 9.6 5
= 1.5-
9.4° - | =
B IceCube best fit g
9.2° - * PS16cgx Ccnoc 0.5 1
! ! J J | 0.0 T I I I I
® o8 a4 9 % .
,£>,°>’ ,1/»9‘ ,1/@‘ ’1?‘0’ ’1?9’ Features atypical for SNla,

Right Ascension but not sufficient to exclude

if Ic (associated with GRBs): <1%

Chance probability { if la (no HE neutrinos expected): <10%
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lceCube 1709922A: Alert coincident with flaring GeV-Blazar

TXS 0506+056

1C170922A

gamma rays

https://fermi.gsfc.nasa.gov/ssc/data/access/lat/FAVA/

http://www.astronomerstelegram.org/?read=10791




lceCube 1709922A: Alert coincident with flaring GeV-Blazar

10
https://fermi.gsfc.nasa.qgov/ssc/data/access/lat/FAVA/
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First-time detection of VHE gamma rays by MAGIC from |
a direction consistent with the recent EHE neutrino

*Neutrino coincident with strong flare event loeCube-170622A
Observed by Ferm| A”_Sky Va rlablllty ATE| #10817; Racik Mizoyan for the MAGIC Collaboration

Credential Certification: Razmik Mirzoyan (Razmik Mirzoyan@mpp .mpg .de)

A n a I yS I S ( F AVA) Subjects: Optical, Gamma Ray, >GeV, TeV, VHE, UHE, Neutrinos, AGN, Blazar

Referred to by ATel #: 10830, 10833, 10838, 10840, 10844, 10845, 10942

*Observations by MAGIC reveal emission

at > 1 O 0 G ev After the TceCube neutrino event EHE 170922A detected on 22/09/2017 (GCN circular #21916), |’
Fermi-LAT measured enhanced gamma-ray emission from the blazar TXS 0506+056 (05 09
. . 25.96370, +05 41 35.3279 (J2000), [Lani et al., Astron. J., 139, 1695-1712 (2010)]), located 6 |’
arcmin from the EHE 170922A estimated direction (ATel #10791). MAGIC observed this source |.
® M a n y m O re O b S e rvato rl es I n vo Ive d y under good weather conditions and a 5 sigma detection above 100 GeV was achieved after 12 h of
observations from September 28th till October 3rd. This is the first time that VHE gamma rays are
. . u measured from a direction consistent with a detected neutrino event. Several follow up observations |-
d eta | I e d a N a Iys | S O N g O IN g from other observatories have been reported in ATels: #10773, #10787, #10791, #10792, #10794,
#10799, #10801, GCN: #21941, #21930, #21924, #21923, #21917, #21916. The MAGIC contact
persons for these observations are R. Mirzoyan (Razmik.Mirzoyan@mpp.mpg.de) E. Bernardini
(elisa.bernardini@desy.de), K.Satalecka (konstancja.satalecka@desy.de). MAGIC is a system of |
two 17m-diameter Imaging Atmospheric Cherenkov Telescopes located at the Observatory Roque |-
de los Muchachos on the Canary island La Palma, Spain, and designed to perform gamma-ray
astronomy in the energy range from 50 GeV to greater than 50 TeV.

20



High energy emission from GW1708177

LIGO \ B GW 170817 Neutrino limits (fluence per flavor: v, + 1)
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\ 107t E P, EE moderate 4
16h 12h 8h %) - 3
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Auger - ANTARES - IceCube joined publications, ApdJ, 2017
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The high-energy Universe: broader perspective
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The high-energy Universe: broader perspective

| | | | | | | | | | |
_t $ Diffuse ~ (Fermi LAT) lceCube (Apd 2015)
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The high-energy Universe: broader perspective
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Emerging tasks for high-energy neutrino astrophysics

* Resolve the sources of lceCube's high energy astrophysical neutrinos
* |dentify the sources of the highest energy cosmic rays
* Decipher the production mechanisms of high energy cosmic particles

e Obtain a unigue multi-messenger view into the explosion of stars and
the evolution of stellar remnants

« Explore active galaxies and the very high-energy Universe when it was
most active

e Study of galactic and extra galactic propagation of CR with neutrinos
as tracers

e Jest nuclear, neutrino and BSM physics

32



Future project overview

complementarity,

sensitivity to
neutrino sources

“precision frontier”

Northern

KM3NeT, GVD

ICECUBE

SOUTH POLE NEUTRING DESERVATCRY

sensitivity at EeV
and beyond

“energy frontier”

AUGER

OBSERVATORY Y

Present neutrino detectors

sensitivity at
PeV energies
“intensity frontier”
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lceCube-Gen2

credit: M. Ackermanr)3



KM3NeT

Angular resolution (7]

KM3NeT 2.0 under construction
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* ORCA: 1 dense building block in

France for oscillation
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https://arxiv.org/abs/1601.07459

Giant Volume neutrino Detector (GVD)
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The IceCube-Gen?2 facility

A wide band neutrino observatory (MeV - EeV) using several detection
technologies - optical, radio, and surface veto - to maximize the science

Multi-component observatory:
¢ [ceCube-Gen?2 High-Energy Array
e Surface air shower detector

e Sub-surface radio detector lceCube-Gen2 Surface Veto
e PINGU

lceCube-Gen?2 AN lceCube

()



|[dentifying the sources of lceCulbe’s neutrinos

15 years IceCube + 15 years lceCube-Gen?2

E—— e - 50 discovery potential
"PRELIM\INARY ===: (without surface veto)
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|[dentifying the sources of lceCulbe’s neutrinos
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|IC-Gen?2 will have sufficient sensitivity to
detect all reasonable source scenarios

*Sensitivity for source catalog search

Source density [Mpc™
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Connecting HE neutrinos to UHE cosmic rays
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= todo list:
- e« Connect to extra-gal. CR

Diffuse ~ (Fermi LAT) lceCube (Apd 2015)
Cosmic rays (Auger) B IceCube-Gen?2 (15 ;
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Flavor triangle and BSM physics
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Exploring the energy frontier with radio
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Sensitivity of future radio detectors

mam proton, strong & weak evolution, E, ma = 10%% eV (Kampert 2012)
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s p or mixed, weak evolution, E, nay = 102 — 3x10?! eV (Kotera 2010)

B Iron, strong & weak evolution, E, 1, = 10?° eV (Kampert 2012)

90% CL limit
ANITA Il (2010)
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* 102 GeV cm-2s-1sr-1 @10° GeV benchmark point from Weizmann workshop 2017



Neutrino astronomy project timeline & Milestones

IC-Gen?2

KM3NeT

GVD

2017

2018

2019

2020

first Northern
km3-detector

|C upgrade
(Gen2 Phase |)

2021

r

\.

lceCube Upgrade

(7 string)

2022

)

R&D / Design

ORCA

2023

2024

2025

20 years of IC;
completion of
IC-Gen2

2031

ARCA (2 blocks, 1.2km3)

(8 clusters, 0.4km2)
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Conclusions

* High-energy extra-galactic neutrinos observed, opening a unigque
view on the high-energy Universe

* Sources not yet resolved, new multi-messenger methods have the
potential to provide the answer

e As old guestions are answered, new ones emerge, I.e. the
spectrum appears to be complex

e Construction and Planning of new projects underway to cover full
sky and large energy range, optimized for neutrino astronomy Iin

the next decades
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