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Why study high energy neutrinos?
All-particle cosmic ray spectrum

I I IIIIIII I I IIIIIII I I IIIIIII I I IIIIIII I I IIIIIII I I IIIIIII I I IIIIIII I 1
5 Knee il

%f o D)
10* maua e DG E
B [heuniverse is accelerating cosmic rays - ey, -
Up to enormous energies L [ O HAWC R ‘
T 10° B v MSU wvé}ﬁ: —
B Where are they accelerated? @« E o Tibet E
NIE - o Ak @ ‘; Ankle _
. - 20 — €no \ ;,;* a
B How do theyreach energies up to ~1020 eV < [ o casaMia o O%gm, -

% O Kascade “%%ﬁ?;fif;u
< 10° £ © Kascade Grande “5 I =
P E ¢ IceTop Fu T E
N . e th . L\:/ i O HiRes 1 gl N _
= Neutrinos can probe the cosmic ray sources &~ [ | liRes2 $ T i
NLQ 10 © Auger T n
: 3¢ Telescope Array I -

1 | | IIIIIII | | IIIIIII | | IIIIIII | | IIIIIII | | IIIIIII | | IIIIIII | | IIIIIII
10" 10" 10" 10" 10" 10" 10" 102"
E [eV]

M. Meier | 2022.07.21 6



CHIBA

UNIVERSITY

SOuUTH POLE NEUTRINO OBSERVATORY

Cosmic ray showers — atmospheric neutrinos

B Secondary particles produced in air showers
m Uptoveryhighenergies (~ 100 TeV)
B Butwith a steeply falling energy spectrum
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m Ultra high energy protons
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radio/microwave infrared/optical gamma-rays neutrinos cosmic-rays

B Neutral and weakly interacting

B Propagate cosmic distances
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What makes the neutrino a special messenger?
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Neutrino fluxes

B High energy neutrino fluxes
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Neutrino fluxes

B High energy neutrino fluxes
are steeply falling power laws

O, =Py £

B High energy neutrinos require
large detection volumes

B [he South Pole offers large
amounts of really clear ice
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IceCube Laboratory

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

Digital Optical
Module (DOM)

5,160 DOMs
deployed in the ice

2450 m

g1 f:‘86 strmgs of DOMs
 set 125 meters apart

Antarctic bedrock

DOMs

arel1l/7

meters
apart

ICEHAP

Detector Design

1 gigaton of instrumented ice

5,160 light sensors, or digital
@ optical modules (DOMs), digitize
and time-stamp signals

1 square kilometer surface array,

Amundsen—Sca ceTop, with 324 DOMs

Pole Station, A

A National Science Fou
managed research facility

A

60 DOMs
on each
string

2 nanosecond time resolution

lceCube Lab (ICL) houses data

processing and storage and sends
100 GB of data north by satellite daily
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Events in IceCube

B Neutrinos interact via deep inelastic scattering
m Charged current (CC)
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B Neutral current (NC)
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B Charged leptons and hadrons produce Cherenkov radiation
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_ early hits
Event topologies late hits
B [racks:
® Energyresolution: ~factor of 2 Nata
m Angularresolution:0.2° - 1°
m (Cascades:
m Energyresolution: ~15% (if contained)
® Angular resolution: 5° - 15° Data
® Double Bang/Double Cascade:
B Resolution in-between values for tracks and
cascades depending on tau length Sim

B [nherently higher probability to
be of astrophysical origin
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Signal and Backgrounds

B Background from Earth's atmosphere:

B Downgoing muons from cosmic ray air showers
(~3000/ s)

B Atmospheric neutrinos, also produced in CR air showers
(~10/ hour)

m Conventional atmos. neutrinos (E-37) from /K
m Prompt atmos. neutrinos (E-27) from charmed mesons

B Signal:

B Astrophysical neutrinos produced in astrophysical objects
(~10-100 / year)

B Harder energy spectrum + different angular distribution
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Cosmic Neutrino : Neuvutrino

Multimessenger \ Sterile Neutrinos

Astr
Supernova Heavy Quark

(igr::?:o ﬁoy Non-standard
Y Interactions

FUNDAMENTAL EARTH

Cosmic Ray SYMMETRIES SCIENCES
Physics Neutrino Decay

Solar Physics BEYOND DARK
STANDARD MATTER Glaciology
MODEL
Space-time
Symmetry Earth

Tomography

. Indirect Atmospheric
Strangelets Monopoles Axions Supersymmetry Searches for DM Sciences
M. Meier | 2022.07.21

19



R ICECUBE

SOuUTH POLE NEUTRINO OBSERVATORY

HIBA
NIVERSITY

C
U

ICEHAP

R,

Cosmic Neutrino : Neuvutrino
Accelerators Astronomy Flavor Ratio Oscillations

-
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Explosions ASTROPHYSICS NEUTRINO
PHYSICS

Gamma Ray

Astronomy
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Tau Appearance

Sterile Neutrinos

Heavy Quark
Production

Non-standard
Interactions

Glaciology

Earth
Tomography

Atmospheric
Sciences
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First evidence for astrophysical neutrinos (HESE)
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Upgoing track selection

cosmic rays

B [Fventselection of ~650k upgoing track events
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Upgoing track selection

B [Fventselection of ~650k upgoing track events

2.6 PeV track
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Cascade selection

B Selects contained cascades including
~400 astrophysical electron neutrino, 190[TeVcascade

tau neutrino and neutrino NC events 107> = -
E PRL.125.121104 —— single power law (spl) E
- spl +1c -
| — N —— |og parabola B
B Better energy resolution, but worse angular X - spl with cutoff -
: ; Bl -7 — —— spl with cutoff + > BLLac | _
resolution compared to the track selection 3 10 = N :
¢ 1 piecewise model -
& - _
: : : QO

B Rejects atmospheric neutrino events > 7 T-
using a self-veto technique O 107° 3 T =
P A
& o l

= y=2.53+£0.0/ | 500
107 = T S S

lllll 1 1 lllIllI 1 L III 1 1 lll?lll 1 I lllll~l

10* 10° 10° 10/ 108
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High energy starting events

B Hybrid selection of starting events:

Mostly cascades but also tracks
PRD 104,022002 (2021)

B 00 observed events with reconstructed + E:fo
energies above 60 TeV in /.5 years of data S W Atmo. Conv.
% ].O = B Atmo. Muons
e
=
m y=2.8/%20.2 o
S —
y : :. o, -
Veto! Matmo Star}'ng ;. Vi @ 100_ — —H
4 f ] -
S
[
5 5
3 3
2 2 101 T — T
= = 104 10° 106 107
Deposited Energy [GeV]
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Spectral measurements of astrophysical neutrinos
B Several complementary T
= 305 1 eaums 950/ ------------ i
measurements A ’ e
‘_|‘ (8 % ',f' \‘
N .
. ! y
B All measurements are consistent o '
with a single power law . :
| s
> f
Q L
m Slighttension @ 2o level Q%D L
|O P
‘—q .-
Z : ' PO
§ 1.0 - , L == HESE 7.5yr(2021)
= et e Inelasticity Study 5yr(2019)
= Working on a global fit to combine &> (5 - = Cascades 6yr(2020)

: : Q. = e Through-going Tracks 9.5yr(2022)
multiple event selections ana =8 — ANTARES Cascades+ Tracks (2019)
treat their systematics unitformly ~® 00 | | | | | | |

2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4
Spectral Index 7yspr,
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Glashow resonance

®m Partially contained event search found a

cascade with a reconstructed energy of ~6 PeV

B [Found to beconsistent with a Glashow resonance:

on-shell formation of a W-boson

107 -
] — v+ N (CC)
106': — Vl—I—N(NC)
| ] --- m+N(CC)
()f ~—=- 1 + N (NC)
gt ] — Pete
2 Z
~— 103':
@) J
102_: ”’,4:
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10° 4~
10_1 1 | I T TT] T
103 104 10° 109 107 108

E, /| GeV
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Glashow resonance

®m Partially contained event search found a
cascade with a reconstruc

B [Found to be consistent wit

on-shell formation of a W-boson

ed energy of ~6 PeV
N a Glashow resonance:;

Nature 591, 220-224 (2021)
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Cosmogenic neutrino search

B Event selection targeting the highest energy events
(PeV - 100 EeV energies)

B [Found 2 events in 9 years of data
B Consistent with a flux of astrophysical neutrinos

B Differential upper limit on the flux of cosmogenic neutrinos

M. Meier | 2022.07.21

90% C.L. UL (this work)

90% C.L. UL (IceCube PRL 2016)
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Tau neutrino searches — flavour ratio measurement
B [hereare 3 different flavour ratio models for
neutrinos from astrophysical sources
m Pion decay (1:2:0); = ut v, et fue+ v, + v, Q.
B Muon damplﬂg (O 1: O TT %K -V 0o Ve : Uy, V7 at the source
m Neutron decay (1:0:0); n—-p+e —+ 1 — 0.8 . éig
0 ® 1:00
A NS N “
éq _______________________________________________ 0.6 ‘9(\(/(
S 2,
& 0.6 O
(éro ________________________________________________________________________________________________________________________________________________ 0.4 2
0.8
s o s 0.2
1.0
0.0
0.0 0.2 0.4 0.6 0.8 1.0

Fraction of v,
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Tau neutrino searches — flavour ratio measurement

B [here are 3 different flavour ratio models for
neutrinos from astrophysical sources

m Pion decay (1:2:0): = ut v, et fue+ v, + v, 0
B Muon dampmg (O 1: O TT %K TV, Ve : Uy, V7 at the source

1:2:0

B Neutrondecay (1:0:0); n—p+e + 7, ] \ o

m T[heinitial flavour ratio is modified at the Earth
due to neutrino flavour mixing

B Muondam 0 1N g an d neutron dec ay mo del fommmmmmmnn ____________________________________ _____________________________________ _____________________________________ ¢ 02
are ,extreme cases and the real ratio

should be confined within those two models 0.0
0.0 0.2 0.4 0.6 0.8 1.0

Fraction of v,
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Tau neutrino searches — flavour ratio measurement 1800 05197

B Search for adouble pulse / double cascade
signature from the initial nutau CC interaction
and the tau lepton decay

111
Y,
L., ~ 50
PeV
1750 - | -
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ol
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Tau neutrino searches — flavour ratio measurement isubmitted to EFUC)
% 1.0
B High energy starting event selection - .09
reconstructs events using a < 0.8
double cascade hypothesis goj" K 95% 07 2
s % ‘ Z.
$ o 0.6 G,
B Measuring the astrophysical neutrino Qfsg” e = 0.5 9:_
flavor ratio rejects no tau neutrinos o 0 ) 0.4 ©
with 2.8¢ confidence level - e S\ 0.3
[~ o — b\ 0.2
T T PeV 3 68 7 \VAVZ, 0.1
‘/ ,I .
0 "I
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—— HESE with ternary topology ID

*

Fraction of v,

Best fit: 0.20 : 0.39 : 0.42 s 0:1:0- 0.17

Global Fit (IceCube, APJ 2015) ® 1:2:0— 0.30

Inelasticity (IceCube, PRD 2019) A 1:0:0 = 0.55
i

3rv-mixing 3o allowed region 1:1:0 — 0.36

: 0.45 :
: 0.36 :
31 Br
. 0.31 :

0.37
0.34
0.28
0.33

Ve : V, : Yy at source — on Earth:
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Tau neutrino searches D. Pankova, A. Fienberg, D. Cowen (PSU)
= 8042 Qs = 2426 Qs =531

B New search looking at the nutau double

example signal event
_ | _ _ (from simulation)
B (Classifty pictures from waveform information

oulse channel using
convolutional neural networks

on high charge strings

m EXxpecting 5v,events over a background of 0.5

B >50% chance to reject no tau neutrinos with

more than 5o after unblinding

M. Meier | 2022.07.21

DOM index

N ?}? I
g

DOM waveforms

100 150 200 100 150 200 250 300

time (ATWD bins)
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I e 2oy

Cosmic Neutrino : Nevutrino
Accelerators \ Astronomy Flavor Ratio Caiillz

TR
Multimessenger \

Astronomy
B
Supernova
Explosions ASTROPHYSICS NEUTRINO
PHYSICS

Gamma Ray

Astronomy

FUNDAMENTAL EARTH
Cosmic Ray SYMMETRIES SCIENCES
Physics
Solar Physics BEYOND DARK
STANDARD MATTER
MODEL
Space-time
Symmetry

. Indirect
Strangelets Monopoles Axions Supersymmetry Searches for DM
M. Meier | 2022.07.21

Tau Appearance

Sterile Neutrinos

Heavy Quark
Production

Non-standard
Interactions

Glaciology

Earth
Tomography

Atmospheric
Sciences
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Point source analyses in IceCube

B Study the clustering of neutrinos over the atmospheric expectation

B Spatial clustering
B Bivariate Gaussian

B Energy spectra

Flux

B Signal has a hard spectrum

B Clustering in time

B Boxor gaussian profiles
used frequently

tSource T’ me

M. Meier | 2022.07.21
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Deposited energy: 23.7 + 2.8 TeV m Reported location consistent with known

“stimated neutrino energy: 290 TeV (> 183 TeV @ 90% CL) y-ray source In state of enhanced emission

Signalness: 56.5% m (Observed by Fermi LAT and MAGIC

Reconstructed direction: RA  77.36° "¢ gz telescopes

DEC +5.72°70-50] = Chance coincidence disfavoured at 3o level
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Archival analysis of neutrino emission from TXS0506+056
B Analysis of 9.5 years of archival data with two generic time window shapes
B No significant access of neutrinos around the alert event seen in 2017
m Independent neutrino flare in 2014-2015 (post-trial significance of 3.5¢)
B Firstevidence for avery high energy astrophysical neutrino source.
1C40 IC59 IC79 IC86a IC86b IC86¢
5
===+ JceCube-170922A A E 4o
4 Gaussian Analysis 1 -
% 3 Box-shaped Analysis | \ o P
&0 :
29 .
| 20
1 JJ_. lo
0 —_|____,—0—L-_~ - :

2009 2010 2011 2012 2013 2014 2015

| Aartsen et al., Science 2018
M. Meier | 2022.07.21

2016

2017

4(0)
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Neutrino Skymap

Aartsen et al., PRL124,051103
B Analysis of muon tracks from the northern
and southern hemisphere in 10 years of
lceCube data

m Most significant points on both
hemispheres are marked with a circle

T 1Og10(pl0cal)

M. Meier | 2022.07.21
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Neutrino Skymap

Aartsen et al., PRL124,051103

B Analysis of muon tracks from the northern -
and southern hemisphere in 10 years of 60 S I
lceCube data 5 i F R TS

B Most significant points on both L " LEHNERTS

. . . 1 - T R WU — — T k £ e e 2 TP
hemispheres are marked with a circle 0 ;T 41 SRl e B
v : | oy g R “ ¥ e,

-15

-
ot

B Most significant point in northern

nemisphere is 0.35° away from
NGC 1068 |

Declination
o
w
o
w
o

|
V)
i

e fereeneseanscensanegearsesassesesaasesniuesnsarasonsessn NN (I L o <Rt is e cenefe ennnaecnranseansfocand

42.87° 4087  38.87°
\\ Right Ascension

m Posttrial p—Value: 0./5 e

T 1Og10(plocal>

M. Meier | 2022.07.21
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Neutrino Skymap — Source catalog searches
Aartsen et al., PRL124,051103

(D

m  (Goal:Improve sensitivity to possible 7 il e A
neutrino source already observed in y-rays L Rty e

!
S ™ ...................................... ................... ,,,,, : -" . ;. ¥ ‘ .
B Small collection of sources from 4FGL, 0 T 170 , At 48 @ i
TeVCat, and gammaCat chosen 15 \ ] 5 L S S 2 -
(110 y-ray sources selected) _30‘ o
N o

 Equatorial

B Highest significance obtained for f
NGC1068 (post-trial): 2.9¢ i'

Seytert-ll-galaxy

42 .87° 40.87° 38.87°

_ 1Og10(plocal>
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ANTARES

B Atadepthof 2.0 km in the mediterranean sea
m 12 strings, 70m spacing, 75 PMTs per string (10)

. ANTARES has been fully dismantled
~3 weeks ago

TN e D | /. Iy ae '__;»—”\ l;—-\~_‘,' .
du Verdon I regional des A
Préalpes ngza
. d’Azur
alon-de-Provence 3 C
Aix-en- Provence'il, - iCannes
Vltrolles 7
Fréjus
5 m EE ”\:’_ A
Marseille = 7 |
o} OAubagne Salnt-])'ropez
Parc.national
des Calanques ANTARES
: ’Neutrlno Telescope
O
Hyeres

© Frangois Montanet

942.534241, 6:117060
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KM3NeT

12000 optical modules on 600 strings
31 3-inch PMTs in each mDOM

43cm diameter

o)~

H
el
Fand
b, 7
gt e ®

T N
o'

(| 1
",
ot ®
]

i
17"
4 il
gt >‘l_v< i
L=z
r

ARCA (astroparticle focus) and

L]
ORCA (oscillation physics focus
® |nstallation ongoing _a® P50 Rh Ses B ARG S
"8 tes A & dlos dR O, B
I 80 N
:

>
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KM3NeT

B Angular resolution
m  Scattering length of water~100m (ice ~20m)

B Significantly better angular resolution compared to lceCube
B (Good to detect point sources

KM3NeT

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

C

O o D W B O O N 0O O
T T T T T T T T T A T T T T T T T T T

A
o
|
.

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

A
- -

Angular resolution [°]

Angular resolution [°]

—i
<
N

10° 104 10° 106 107 10°

E, [GeV]
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Baikal-GVD

B Under construction since 2016

B [irst stage completed: GVD-|
m 8 clustersof 288 DOMs each

B Recently observed astrophysical flux
at 3o level with E-246 spectrum

B Eventdisplay for the highest
energy event with reco. energy
of 1.2 PeV

M. Meier | 2022.07.21 47
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Askaryan Radio Array (ARA) v

ARA 1

L Firn (50 m) .|'.i
200 m !

Admunsen-Scott
South Pole Station

Central Station Electronics :
Interaction Vertex

small A add
incoherently

i

P~
~

3)
({

o

S
Rt

I I I > large A add
Calibration | ' —~ Q) coherently
antennas I o -
= FO
Antenna - transmitter
clusters
I‘ Hpol
Downhole
Instrumentation Vpol

M. Meier | 2022.07.21

GZK neutrinos:
0.01 neutrinos/kma3/yr

Need a huge detection volume
to detect a seizable amount of
G/ZK neutrinos

Attenuation length for radio
frequencies O(1km)
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Balloon +
antenna

ANtarctic Impulsive Transient Antenna (ANITA) sayload

® 4 palloon flights launched from Antarctica
B 40 horn antennas (200 - 1200 MHz) refracted MHz-GHz e 15717147, 35"
m Nodiscovery of UHE neutrinos coherent radiation S osf ‘\ ! e
m ~100 UHE cosmic ray events (> 109 GeV) %’OZWW
g . | e

time, ns

PR Rt

M. Meier | 2022.07.2 |  J.Alvarez-Muniz
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lceCube Gen2 Radio (and RNO-G)

B Radio componentis required to reach the science goals of
lceCube GenZ at the highest energies

B Detecting a flux of cosmogenic neutrinos

E%® (all-flavor)[GeV cm™2 s~ 1 sr=1]
2 8 5

—

I
[
—

- /
/ |ceCube-Gen2

~ N

| RNO-G (5 years)
4 == ARIANNA-200 (5 years)
] 1 IceCube-Gen2 radio (5 years)

; Ve:VyiVe=1:1:1

+ IceCube N\ Auger Y

/ o ~==+ From UHECR, best fit
From UHECR, allowed region

K

QO
—— : N
\“\ Qy'
= N < -

ARIANNA
M/

ANITA I-IV

105 108 107  10®

oo o0 o

Neutrino energy [GeV]
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v Gen2-Radio

® Gen2-Optical

TAM

7m

Hpol

Vpol
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What's next? IceCube Gen2 é
vy Gen2-Radio ® Gen2-Optical ® IceCube & lceCube Upgrade E
Fr e, e ; ICECUBE
: : RIS i e BB ©e GENZ2
’.' '.o’ o g:::: '.O:.a: s © ° ¢ ...’ s * o
3 ..'. ,se a‘sc:. ....... ‘. el :t N o © P ST ® ey »
..'. '..;6 Q:‘:QG @ ::”.g::::.. = a oq:’. . e . @
i “eesd oL SIS I N s .
S?n 1 km 250 m 5 25 m

m [ceCube Gen?2 (design phase):
m (Optical array ~8 times larger than Gen
ncrease statistics around the PeV region

[
m Reveal neutrino sources
[

-xtend lceCubes multi messenger
campalgn to even higher energies

M. Meier | 2022.07.21

B [ceCube Upgrade:
B Sensorsare already in production

B [estbed for new sensor types
(D-Egg, mDOM)

B |mproved detector calibration/ice model
characterization

o)
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lceCube Gen2 Facilities — Pixelated sensors
g
lceCube Upgrade lceCube Gen?Z ;
3 ICECUBE
GENZ

)-Egg
= Two 8“high QE PMTs

m (Clearerglass
B Reduced diameter

M. Meier | 2022.07.21

MDOM

B (ood sensitivity to photon
directions

m Experience from KM3NeT

Gen?2 LOM

Maximize sensitivity gains
made by D-Egg and mDOM

Minimize costs for
assembly and deployment

02
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2'5 5'0 75
Test Statistic

0= 0o g 3
5=0
’ 0—10 ~ —— lceCube (10y, 50 discovery potential)
- |c€Cube-Gen2 (10y, 50 discovery potential)
- ——— |ceCube-Gen2 (10y, sensitivity at 90% CL)
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Energy [GeV]
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lceCube Realtime Alerts v2

m Two types of alerts: Gold (50% signal purity) and Bronze (30% signal purity)

L . . Example alert
B Combination of multiple event selections:

TITLE: GCN/AMON NOTICE
NOTICE_DATE:  Fri 20 Nov 20 14:12:28 UT
m GFU (Gamma- ray Fo llow U p) (~24/ yea r) NOTICE_TYPE: ICECUBE Astrotrack Bronze
STREAM: 25
m EHE (~5/year) RUN_NUM: 134715
EVENT NUM: 65785778
— SRC_RA: 307.5299d {+20h 30m 07s} (J2000),
O -SE(~2/ yea r) 307.7180d {+20h 30m 52s} (current),
L o 307.0798d {+20h 28m 19s} (1950)
m HESE Cascades (new addition) (~8 / year) SRC_DEC:  +40.7700d {+40d 46' 12"} (J2000),

+40.8410d {+40d 50' 28"} (current),
+40.6013d {+40d 36' 05"} (1950)
SRC_ERROR: 280.79 [arcmin radius, stat-only, 90% containment]
_ _ _ SRC_ERROR50:  158.40 [arcmin radius, stat-only, 50% containment]
] DISCOVERY_DATE: 19173 TJD; 325 DOY; 20/11/20 (yy/mm/dd)
D | St [ b U ted as G C N /A M O N 1 Ot ICES DISCOVERY_TIME: 35080 SOD {09:44:40.55} UT
REVISION: 1
ENERGY: 1.5396e+02 [TeV]
_ _ SIGNALNESS: 5.0338e-01 [dn]
| ] FAR: 0.2947 [yrA-1]
Tl me d S I'ay betwee N eve nt arn d a [e rt < 3 min SUN_POSTN: 236.49d {+15h 45m 58s} -19.87d {-19d 52' 19"}
SUN_DIST: 89.62 [deg] Sun_angle=-4.7 [hr] (East of Sun)
MOON_POSTN: 313.45d {+20h 53m 47s} -21.60d {-21d 36' 09"}
MOON_DIST: 62.67 [deg]
GAL_COORDS: 79.44, 0.94 [deg] galactic lon,lat of the event
ECL_COORDS: 327.73, 56.93 [deg] ecliptic lon,lat of the event
COMMENTS: IceCube Bronze event.
COMMENTS: The position error is statistical only, there is no systematic added.

M. Meier | 2022.07.21
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Astrophysical neutrinos

Ahlers eta Prog Part Nucl Phys 2018

B Astrophysical neutrinos can be identified via very different —

event selection strategies 1073} :
. . . trino fl
® Up-going, through-going tracks using the Earth as a N HEULHNG THUXES
shield from atmospheric muons (red) — 1077} T N (per flavor)
. . ] | —
B Selecting starting tracks and cascades to reject 2 - A oemo. vy + 7 .
: : i —9 L vet -
atmospheric muons (pink) i 10 P Peore o 5
N
. |
Starti . .
ar Ing ;~ VU QS) 10 6 i ]
f( :_\N > &
8 _ atmo. v, + 7,
- 10~/ L (before HESE veto) |
5 5 2 s -
> > S
o o &
e e = 1077 VetV 7
(8yr)
1077 ¢ :
m (Clear observation of a diffuse neutrino flux 10 10 10° 10* 10° 10° 107 10°

E [GeV]
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Point source analyses in IceCube

B Study the clustering of neutrinos over the atmospheric expectation

B Spatial clustering
B Bivariate Gaussian

B Energy spectra

Flux

B Signal has a hard spectrum

B Clustering in time

B Boxor gaussian profiles
used frequently

tSource T’ me

M. Meier | 2022.07.21
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Angular distributions and atmospheric self veto effect

1 E, =10 TeV 1 E, =100 TeV
10~ 107" 3
Passing —— Astrophysical v, Passing
- (Conventional v, @ ssess Total
f ‘—lt' 1 0_2 | == Conventional v,
= T e Prompt v,
~ n ~  Prompt v,
0 0
—3
i 710
= =
- -
N N
— ——— Astrophysical v, —
N : N
Ko — (Conventional v, Ko
CEQA 10_5 g ——— Conventional v, CEQA 10_5 E
= Prompt v, i
{ =—— Prompt vy, -
10 B LU o
—1.0 —0.5 0.0 0.9 1.0 —1.0 —0.5 0.0 0.0 1.0
cos 6, cos 6,

Arguelles et al., JCAP 2018
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Archival analysis of neutrino emission from TXS0506+056

2012.5 2013.0 2013.5 2014.0 2014.5 2015.0 g
)
b= -
o0 4 Best Fit: Box -
e >
g = = PBest Fit: Gaussian <>§
u
g 3 -
) S
= 20
] 9 )
-
= ]

a0
® -
— 1 0.1 8
56200 56400 56600 56800 57000 S

MJD

Aartsen et al., Science 2018
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Point source searches with cascades
Aartsen et al., Apd 886 2019
60
80%
B New neural network based reconstruction 504 m 50%
s 20%
B |mproved angular resolution for cascade events ; 404
z
o 301N ;
= |
= L N
q 20 :
10
0
103 104 10° 106 107
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IceCube Gen2 — 10 year discovery potential

B (Orange band is the region compatible with the total diffuse astrophysical neutrino flux

B Shadedregions highlight where IC / IC-Gen?2 are able to discover one or more sources of the population

(in the northern hemisphere, optical only)

106}
105}
104}
103}
102}
10+
1|
0.1

L. IceCube
______ IceCube-Gen2

effective local density pur [Gpc ™3]

102
10-3

10 107 104 1072 108 10% 10% 10% 10% 108
effective neutrino luminosity L,[erg/ s]
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local rate density p [Gpc"3yr"1]

U__.. IceCube
__ IceCube-Gen2

10% 10%7 10 10% 109 105 10%2 105 105 105
effective bolometric neutrino energy E,[erg]

62



