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Why neutrinos? 2

NS GAMMA-RAYS
ANy el They point to the sources but they get absorbed. Multiple
/ \ Voo el T T e emission mechanisms
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- NEUTRINOS ..
E’ They are neutral and weak particles: ’
point to the source carrying v
information from the deepest parts. '
P COSMIC RAYS air shower

Deflected by magnetic fields below 101° eV! /
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Neutrino Detectors Scientific Scope

SN Neutrinos

MeV eV-TeV <100 TeV >100TeV > 106 TeV
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Detection principle 6
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tures

-Ice sigha
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Track topology

» Good angular resolution 0.2°-1°
=» Neutrino Astronomy

» Vertex can be outside the
etector = Increased

effective volume

Cascade topology
» All flavors
» Fully active calorimeter =»

Good energy resolution

+15% deposited energy
» Angular reconstruction \

possible = ~10°> 100 TeV ..
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The atmospheric background

~10 events/hour
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vV only
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Rejecting the Background 9

Using up-going through-going muon G Using the outer layers as an active veto to
events using Earth as a shield against select starting events.

atmospheric muons.

L Veto

V dominated
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Updated calibration, updated background modeling and systematics.
[IceCube Collaboration, PoS (ICRC2019) 1017]
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11 [lceCube Collaboration, PoS (ICRC2019) 1004]

Updated calibration, updated background modeling and systematics, new double cascade identifier.
Southern Sky
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CLEAR EXCESS ABOVE ATMOSPHERIC BACKGROUND > 60 TeV
SOFT SPECTRUM (y~2.9)
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Astrophysical neutrinos Diffuse flux 12

Single power law astrophysical neutrino spectrum (no break preferred)
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Spectral Index 1y Comparison difficult since three datasets have different energy
cuts and select different morphologies -> Working on a global fit



Double bang signature from v+ 13

Standard neutrino oscillation predicts full mixing at Earth: ~1/3 of astrophysical neutrinos should be v+
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First v: candidate event: “Double double” in HESE 7.5 years 14

— single cascade —— double c?scadf -I—‘-I—e?qo. déta — reco with bright DOMs === reco without bright DOMs |t iS the Only event paSSing bOth the dOUble
@ A R AU R ~ bright DOM* ~ bright DOM*
5| 1 O T T | e ke | e cascade search and double pulse waveform
S ] TP :
a | R T N T T | A s criteria from two independent searches.
= 1750 - \ —— String 20, DOM 25
1500 - ——— String 20, DOM 26
: ——— String 20, DOM 27
o > 1250 - IceCube preliminary
o0 o /o E
00 2 /48 S 1000 -
o2 =
H o S 750 -
® 8 o H
§ Q ° ® S 500 -
o . al
' :8 © o SR N .
o’ S . bright DOM* 0 - ~
o O ° 9 e - - . - .
Qo - @ o o 9900 10000 10100 10200 10300
o O ® Time / ns
-
o o
_ 3 [lceCube Collaboration, PoS (ICRC2019) 1036]
IceCube Preliminary * Bright DOMs are excluded from this analysis [IceCube Collaboration, PoS (|CRC2019) 960]

IIHE Annual Meeting 2019 S. Toscano



Partially contained cascades: the first Glashow event candidate 15

S. L. Glashow, Phys. Rev. 118 (1960) 316-317.
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1077 |

[Lu Lu (IceCube coll.), UHECR 2018, pub. in prep.]
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Astrophysical neutrinos: 10 years all sky point sources 16

[IceCube Collaboration, PoS (ICRC2019) 851] | .NOI“'t-her.n H.test. S'pot.‘

Using high energy through-going tracks and tracks optimized for point source searches ‘”'#““’“”* g 270°

.......................................................................

Y F——

-(.30°

declination

Southern Hottest Spot o T e L i AT o S

3 1 ! 1 3 3 1 - - . 5 A ¥ . . = - o g V-
....-..-...:.......-.....-:..-.-......uinuuu.u.i............. ............5.......-.....5.......----.i....-.u-...%...--...u- . g l‘. —. . Yy - - ‘e o - . ” n" v - .

i i 3 i i j i i e > 5 - ' ;o o - R e R, SRR : -

: 1 hE : : : : : o Sl 25 P il T ARG B 3 BT R, . T, & &

111y : ax i ! ! : : - ., 4 .- ” Vs . 29 < PR e - N
h . . . . . . » - -~ Y. " ed . ® - -3 - . -
H o H H . H - - ~ » - - e, . }
' el i : m ! A50o -3 WA : . - o ¥ . “a W3 ™S P » - :

R S T T b et e e TR -nn:::wu.-........}.-uu #lersnrrnsrnrebonsansansas _'D' 'D g ~ - e - ' - . - - ) . 3 - Lee & 8 o« =

E E E E l E E E . . . _-'," "~‘ - » ¥ s T - .".’. S Y n . -

; : : : : : : H Ko v A s F The, N of . - g S DN e e S "N 1

) W r 9 7 Gt ke Bkt o TN e TR M T A TR

: H : : : : : : s B ’, R Y Iy ' e 3 h b A A ERe e Tegw

: : : : : : : : ST TR R A b i TR I e L A e W e abse ot Y-

i g ! 1 ! i 1 e B v - .5 AL BT &t oty X : & ey Ya . e

i i i i i i : ' ' : ’ [ ' i e Sk ¢ o' N .8, «Pry 2w AopS &

H H H H H H H o ” . ' N e - ’ . st . e ) -~ . ’ g~ » y - 4 v B -

H H H H H H H I L) A - » - .- "

: : H H : : : DL " . » ’ . o " J 9L a° > W L) = ” s . A

H : : : : : : : . o ®: ‘e XN, - v . p= - L L . v et O i

¥ : ¥ i H g : . ' \q » | Ty en 3 - 27 & 1 . e . 1 L . "

i 3 i t i i i i ' e TR : ¢ b 4 Pen 2l TP T THALITYS g y ” L . S ALY 4 "

: : : : : : : : ' > o ' CPi . ““aly : - o L * > oy . d i e A

: : : : : : : : »

: : : : : . : : i

i i i i i H i i

: : : : : i : s

: : : . - T - -
R 53 A ARE R Rr = 5 v >+ o oo | suRuER S ans | svv n sun R s « o o o dsgasns s o 5g up th Peavensunven]enrumnansnsesbsnranrunnnn
a i i i i ¢ i : i i

i 1 i ! ! i i

H : H . : :
" i ] i k :

........... 4+ Ve .

»

.............................

43.87° 40.87° 37.87°

right ascension

- - 5 . - .3 n e . - > N ’
W, - 2 v. M e © e ! <4 .’ . 2 T o " ¢ e Pard .
I o ’ 225 1 L SNy S T R L S vl s N You ”3 e
=L o =% ’ \ - - T T - . . X o ’ 4 ® - . - M - '
RN . ’ ‘ > 5

ro L - \-.. -t “"q vh > ® R D“Pes v v .' '0' e [ ; L v -~ . . — " '

« . e " o Yar 3 i N - o~ ' | . P » o e A " g

_ 0 - o~ e MY Y Y 4 . e 3 . , o My Fa's - R . o WY s <% o , , v *
b - . A ‘..\ T o . o - ¥ v "ot s S ] v 2 /
& . 3 g o 5 : S > o B W . p s /

- M v . - . LA ;. - T P - P 2" . g =X . . 4 v ’ > - s 3
. . ) _ : : - e s * . » . sy . v, o LY 4 »

30° N\ ) S R e e SR e L NS et S e o S e L4 G — log19(Plocal)

mation

-56.45°

decl

- -' - t .-'-: > . ." o ¥ - - & - - ;
- - < - ~ E - . - “ - . . - - -:, r
09.45° LS T G o LW Y e
— L - - c - o - o -
' s - — - - T -
A - ® " ’ P i

303.18° 300.18° 247.18°

— log 1(](p]0c-z-11) - logl(] (p local )

ot
-

NEW SOURCE LIST OF 110 GALACTIC AND EXTRAGALACTIC OBJECTS.
HOTTEST SPOT IN THE NORTHERN HEMISPHERE IS A 2.90 EXCESS AT THE POSITION OF THE SEYFERT GALAXY NGC 1068 (M77)

SOURCE LIST SEARCH IS INCOMPATIBLE WITH BACKGROUND AT 3.3a (2.250 WITHOUT TXS 0506)




What are the sources of cosmic neutrinos? 17
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Several searches for different classes: energy, spatial, timing information as well as
multimessenger campaigns can be used.



Neutrino sources Blazars

* (Galaxies with a center that outshines the rest of
the galaxy are called Active Galactic Nuclel
AGNSs). Power comes from material falling
towards a supermassive black hole.

* We call them blazars when their jets point to us.
They are extremely variable sources!
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Neutrino sources Blazars 19

" Multimessenger searches for neutrinos « GeV y-ray lightcurves Christoph
lceCube-170922A s Raab

[

2015 2016 2017

* Blazar “TXS 0506+056” in Orion = 179 blazars combined in “stacking”

Unblinded October 2018

Unblinded February 2018

— Nothing apart from 170922A " — p=78% without TXS
(or 3.20 with 170922A) p=1.6—1.90 with TXS
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Neutrino sources Ultra luminous infrared galaxies

MRK 273 (“Toothbrush Galaxy”)
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-10p | 8-1000 um

* Most luminous objects in the IR sky:
L > 10"*L, — very dusty

e Candidate neutrino sources that
could be obscured in gamma rays

189 ULIRGs selected for stacking
analysis with 8 years of IceCube data

Total number of ULIRG neutrinos

1000,

100}

ULIRG stacking analysis with 8 years of IceCube data
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Pablo Correa
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Indirect Detection of Dark Matter 21

o 0000’»

Primary Final
Channels Products

®
P

et

@ your favorite theory ‘ ‘ ‘ O ‘ ‘ »
W+Z b T

* No need of specialized detectors: Gamma-ray telescopes, neutrino detectors, CR-experiments
» Search for products of dark matter annihilation processes: Focus on large reservoirs of dark matter

vve-p>
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22

Galactic Center lceCube & ANTARES

Vu Nadege lovine

----- Veritas - dSphs [PR (2017) 95:082001]

- Fermi+MAGIC - dSphs [JCAP (2016) 02:039]
= = HESS - Einasto [PRL (2016) 117:111301]
= = ANTARES [PLB (2017) 769:249, PLB (2019)]
= = |ceCube [EPJC (2017) 77:627]
== Combined ANTARES/IceCube Search

10 — . . . ______
_E Preliminary NFW 7+ 7 |

Galactic
Centre

- Combination of 3 years of IceCube data and 9
yvears of ANTARES data

* Improvement compared to the individual limits

- Outlook: Update IceCube only results with more
years of data

(g ,v) [cm?s71]
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A glimpse to the future % ICECUBE 23

UPGRADE

*DEEP CORE INFILL (7 NEW STRINGS) IN
2022-2023.
o NEUTRING OSCILLATION.

o R&D FOR GEN2: DRILLING, NEW SENSORS.
o IMPROVED CALIBRATION OF ARCHIVAL
DAIA.

1450m 2100m 2150m
2450m 2450m 2425m
Instrumented Depth

Ref: Stuttard 20181128

lceCube  DeepCore  Upgrade
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Ref: Stuttard 20181128

=== |ceCube Upgrade 3 year Sensitivity 90% CL
IceCube 90% CL [EPJC 77 (2017)]

-== ANTARES 90% CL [PLB 769 (2017), PLB (2019)]
Fermi-LAT+MAGIC 95% CL (dSph) [JCAP 1602 (2016)]
Boudaud, Lavalle, Salati [PRL 119 (2017)]
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TALKS THIS AFTERNOON 25

lceCube search for DM at the center of the Earth

Identification of GRB precursors | .
Giovanni Renzi
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Conclusions 26

® |ceCube has a broad
portfolio of scientific results.

sirono

* Multi-messenger astronomy
IS the key to study the
highest energy phenomena
In the Universe. STHMTRES =

NEUTRINO
PHYSICS

® COmpetltlve reSUItS fOr dark SITSEL%?:I?D | MD/G§ER
matter searches.

* Interesting results on flavor *

" " rangelets onopoles pumy  AXIons Supersymmetry Seor::rl‘\iisr?;:' DM c?:nces.
ratio and first Glashow.

IIHE Annual Meeting 2019 S. Toscano



27 UNIVERSITE RIJE
LIBRE NIVERSITEIT
DE BRUXELLES QUSSEL
qu
O,
=
),
O Sebastian Daniela
)
@,
),
O
),
i -
— Chris Giovanni Nadege Rose Enrique

(leaving soon)



Thank you for your attention

AUSTRALIA
University of Adelaide

' BELGIUM
Université libre de Bruxelles
Universiteit Gent
Vrije Universiteit Brussel

IE cANADA
SNOLAB
University of Alberta-Edmonton

= DENMARK
University of Copenhagen

sl GERMANY
Deutsches Elektronen-Synchrotron

ECAP, Universitat Erlangen-Nurnberg

Humboldt-Universitat zu Berlin

Ruhr-Universitat Bochum

RWTH Aachen University

Technische Universitat Dortmund

Technische Universitat Minchen

Universitat Mainz

Universitat Wuppertal

Westfalische Wilhelms-Universitat
Mdlnster

FUNDING AGENCIES

University of Oxfor

ALAND == UNITED STATES Southern University
of Canterbury Clark Atlanta University and A&M College
Drexel University Stony Brook University
Georgia Institute of Technology University of Alabama
Lawrence Berkeley National Lab University of Alaska Anchorage
- Marquette University University of California, Berkeley
. Massachusetts Institute of Technology University of California, Irvine
Stockholms Universitet Michigan State University University of Delaware
Uppsala Universitet Ohio $tate, WI)A(SItA% EYs University of Kansas
Pennsylvania State University University of Maryland
%] SWITZERLAND South Dakota School of Mines and University of Rochester
Université de Genéve Technology University of Texas at Arlington

University of Wisconsin-Madison
University of Wisconsin-River Falls
Yale University

Fonds de la Recherche Scientifique (FRS-FNRS)
lIHE Annual M FatdsWetenR:happelﬂKOndamWaanderen
(FWO-Vlaanderen)

Federal Ministry of Education and Research (BMBF) ~Japan Society for the Promotion of Science (J5PS)  The Swedish Research Council (VR) S
German Research Foundation (DFG) Knut and Alice Wallenberg Foundation University of Wisconsin Alumni Research Foundation (WARF)
Deutsches Elektronen-Synchrotron (DESY) Swedish Polar Research Secretariat. US National Science Foundation (NSF)

ICECUBE

Souts Poe NouTtesd Doscsvarony

icecube.wisc.edu

28

S. Toscano



29

ANITA
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Something more about the “ANITA events”

Kriin de Vries S
l 0

v

{

J

Coherent transition radiation from the geomagnetically-induced current in cosmic-ray air showers
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arXiv:1903.08750, PRL accepted
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Distance [Mpc]

radio/microwave Infrared/optical X-rays gamma-rays neutrinos cosmic-rays
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